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EDITORIAL PREFACE

The 3rd International Conference on Intelligent and Interactive Computing 2021 (IIC 2021) was held 
virtually at Universiti Teknikal Malaysia Melaka (UTeM), Melaka, Malaysia, on 9 September 2021. The 
event was jointly organized by the Department of Interactive Media and Department of Intelligent 
Computing and Analytics, Faculty of Information and Communication Technology, Universiti 
Teknikal Malaysia Melaka (UTeM), with the theme ‘Empowering the World with Intelligent and 
Immersive Computing towards Smart Solutions’.

This open access e-proceedings contains a compilation of 38 selected papers from the IIC 2021. 
The technical committees received a great response for submissions from various area including 
computational intelligence, data analytics, robotics and automation, multimedia and immersive 
technologies, education 4.0 and others. We hope that this proceeding will serve as a valuable 
reference for researchers.

The event has achieved its aim which is to gather academic scholars and industry practitioners 
to share valuable knowledge and expertise in related disciplines. Moreover, it is hoped that this 
conference has opened up opportunities to explore recent advancements and challenges on selected 
research discipline. 

As the editors-in-chief, we are grateful and would like to convey our sincerest gratitude to the 
fellow review members for their effort in reviewing the submitted papers for this proceeding. We 
are thankful to all the authors for revising their papers according to the proceeding requirements. 
Also, we would like to express our thoughtful appreciation to the organizer of the IIC 2021.

Thank you.

Sarni Suhaila Rahim
Siti Nurul Mahfuzah Mohamad
Editors-in-Chief
Universiti Teknikal Malaysia Melaka
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Abstract — Scientific articles are one of the big pieces of 
data available in the cloud system. This data is crucial for 
researchers to get the development and novelty of science. 
Finding research ideas from several scientific articles is a 
challenge for researchers. Therefore, this study aims to take 
advantage of automatic summarization technology to help 
find the essence of many scientific article documents with 
the same topic. This study uses the Bellman-Ford algorithm 
to produce an extractive summary of many scientific 
articles. The experiment is conducted with 20 topics of 
journal articles, where one topic contains five journal 
articles. The result of the experiment using ROUGE-L 
evaluation shows that the average value of the summary 
result is 0.65 for precision, 0.85 for recall, and 0.72 for f-
score.  
 
Keywords — automatic text summarization; bellman-ford 
algorithm; extractive summarization 
 
1. INTRODUCTION 

The scientific journal article is one of the primary sources 
to know how to develop research studies to find a new research 
topic. Indeed, the International Data Corporation estimates that 
the total volume of digital data circulated annually worldwide 
will increase from 4.4 zettabytes in 2013 to 180 zettabytes in 
2025 [1]. Those data contain text documents, including journal 
articles. According to data from the World Bank on scientific 
and technological journal publications, there were over 2.5 
million recent value articles from worldwide in 2018. This 
number has continued to rise since 2000  [2]. The number of 
scientific journal articles published in Indonesia is steadily 
increasing. More than 388 thousand papers from Indonesian 
scholars and researchers have been indexed by Scopus and 
Google Scholar [3]. 

Researchers need more effort to understand the main idea 
from many study subjects that are similar or overlap. So,  
Automatic text summarization techniques as a part of Natural 
Language Processing [4], [5] can be a solution to extract the 
main idea from many articles. Automatic text summarization 
can produce the main idea of many scientific journal articles 
easier, either with an extractive or abstractive approach. The 
difference between extraction and abstraction summarization is 
extraction summarization produces a sequential summary 
according to the source of the document and without any 
changes in the word structure of the sentence [6]. While 
abstractive summarization produces summaries that the word 

structure in the sentence can change, this is due to the process 
of paraphrasing from the source of the original document [7]. 
Many methods can be used for automatic text summarization. 
The basic method is sentence scoring method [8], [9], then can 
use graph-based theory [10], machine learning [11], until deep 
learning [12]–[14].  

Previous proposed research mentioned a wide opportunity 
to use graph-based theory for automatic text summarization, 
including the Bellman-Ford algorithm [15]. Therefore, this 
study aims to continue previous research, to determine the 
performance of the Bellman-Ford algorithm in producing a 
summary of multiple scientific Indonesian journal article. 
 
2. METHODS 
2.1 Pre-Processing 

Pre-Processing is an important phase for preparing the data 
for the next process and ensuring the quality of the output [16]–
[18]. The dataset for this research is collected from several 
reputable journals accredited by SINTA (Science and 
Technology Index) from the Ministry of Education, Culture, 
Research, and Technology of the Indonesia Republic. Then, we 
classified the dataset into 20 topics that explained in the result 
and discussion section. In this research, pre-processing process 
begins from retrieving multiple Indonesian journal articles, 
then since each sentence will be weighted, it is necessary to 
separate the sentence from each text [8], [9]. Then, after case 
folding and removing regular expression or unused characters, 
the next process is words tokenizing to count the TF-IDF (Term 
Frequency and Inverse Document Frequency) with extracting 
bag of words from text as structured text representation [19]. 
The next process is stop-words removing [20] and stemming 
using Nazief-Adriani algorithm  [21]. There is Sastrawi library 
for Python for the Indonesian language, which processes the 
stop-words removing and stemming process [22]. 
 
2.2 Bellman-Ford Algorithm 

Bellman-Ford algorithm which is the development of 
Dijkstra's algorithm is a graph method that is able to handle 
negative weights on the search for the shortest path on a 
weighted graph [23], [24]. The pseudocode of Bellman-Ford 
Algorithm is described below [25]: 

 
record vertex{ 

list edges 
real distance 
vertex before 
} 
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record edge{ 
vertex previous_vertex 
vertex next_vertex 
real weight 
} 

function bellmanford (list all_vertex, list 
all_edge, vertex previous_vertex) 
for each vertex v in all_vertex: 
 if v=previous_vertex then v.distance = 0 
 else v.distance:=infinity 
 v.previous_vertex:=null 
for i from 1 to size(all_vertex): 
 for each edge uv in all_edge: 
  u:=uv.previous_vertex 
  v:=uv.next_vertex 
  if v.distance>u.distance+uv.weight 
  v.distance:=u.distance+uv.weight 
  v.previous_vertex:=u 
 for each edge uv in all_edge: 

u:=uv.previous_vertex 
  v:=uv.next_vertex 
  if v.distance<u.distance+uv.weight 
  //error statement, graph contains 
negative total of weight cycle 

 
2.3 Recall-Oriented Understudy for Gisting Evaluation 

(ROUGE-L) 
Recall-Oriented Understanding for Gisting Evaluation 

(ROUGE) contains steps that automatically determine the 
quality of a summary by comparing it with other human-
generated (ideal) summaries. The measurement is done by 
counting the number of overlapping units such as n-grams, 
word order, and word pairs between the summary computer 
generated for evaluation and the ideal summary made by 
humans [26]. From several types of ROUGE, such as ROUGE-
N, ROUGE-W, ROUGE-S, ROUGE-SU and etc., this research 
use ROUGE-L as the best metrics in adequacy and fluency of 
correlation with human evaluations [26]. 
 
3. RESULT AND DISCUSSION 
3.1 Data and Experiment Environment 

In this study, the document summarization process will be 
carried out by converting document string data to numeric data 
by performing text pre-processing stages, performing TF-IDF 
calculations to calculate sentence weights, and applying the 
graph method with the Bellman Ford algorithm to extract the 
summary results of multiple scientific journal articles. The 
datasets of scientific journals are collected from several 
reputable journal that accredited by SINTA (Science and 
Technology Index) from Ministry of Education, Culture, 
Research and Technology of the Indonesia Republic [3]. The 
scientific journal articles that written in the Indonesian 
language are categorized into 20 research topics (which coded 
by T1-T20), such as school zoning system, sharia business, 
chatbot technology, pornography impact, democracy, face 
recognition, Islamic leadership, jihad, hypocritical concept, 
encryption security, early-age marriage, unrecorded marriage, 
teacher role, parent role, Islamic boarding school, polygamy, 
expert system, ruqyah, circumcision for women, and usury.  

Each research topic contains five abstracts of research. So, 
this experiment uses 100 text documents and produces 20 
summaries from 5 documents on each research topic. The 

manual summary is made to involve readers and experts. This 
experiment is conducted using Python programming language 
in the back-end and web-based application for the user. Besides 
using ROUGE-L evaluation, the summary result was also 
evaluated by 37 readers. This experiment was conducted with 
Python. 
  
3.2 Bellman-Ford Algorithm Implementation 

The Bellman-Ford algorithm has high accuracy and 
efficiency as a shortest path finding technique based on 
multiple prior research. [27]–[29]. The Bellman-Ford 
algorithm is implemented after pre-processing text for multi-
scientific journal articles and counting the TF-IDF to determine 
the sentence weight. Then, the following process is the 
formation of a graph that will calculate the similarities between 
sentences. The calculation of the similarity of the sentence uses 
the following equation (1), where i is the sentence I, and j is 
sentence j, the overlap is a number of similar words between 
the sentence i and the sentence j, while weight is a sentence 
weight. 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖,𝑗𝑗 = (𝑖𝑖−𝑗𝑗)2

𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖,𝑗𝑗 𝑥𝑥 𝑤𝑤𝑜𝑜𝑖𝑖𝑤𝑤ℎ𝑡𝑡𝑗𝑗
   (1) 

For example, there is an Indonesian text document with 
seven sentences below: 

 
(Kalimat/ Sentence 1, K1) Pencarian rute terpendek saat melakukan 
perjalanan merupakan hal yang perlu dilakukan selain menemukan kota 
tujuan (Finding the shortest route when traveling is another thing to do in 
addition to finding the destination city). (K2) Alasan pencarian rute 
terpendek adalah meringkas perjalanan dan menghemat biaya perjalanan 
(The reason for finding the shortest route is to summarize the journey and 
save on travel costs). (K3) Dalam menemukan rute yang efektif dan efisien 
diperlukan suatu penerapan algortima pencarian yang tepat sehingga rute 
yang disarankan akan benar-benar menjadi rute yang terbaik (In finding 
an effective and efficient route, it is necessary to apply an appropriate search 
algorithm so that the suggested route will truly be the best route). (K4) 
Pencarian jalur terpendek (shortest path) merupakan salah satu solusi 
dalam pencarian suatu lokasi yang terdekat jika terdapat beberapa jalur 
yang dapat dilaluinya (The search for the shortest path is one solution in 
finding the closest location if there are several paths that can be passed). 
(K5) Seperti halnya dalam pencarian rumah sakit di kota Bogor (As is the 
case in searching for a hospital in the city of Bogor). (K6) Pencarian lokasi 
klinik kesehatan dengan menggunakan rute yang signifikan untuk 
membantu calon pasien klinik kesehatan mendapatkan rute 
terdekat(shortest path) yang ditampilkan pada peta dengan menggunakan 
algoritma Steepest Ascent Hill Climbing berbasis web (Search for the 
location of a health clinic using a significant route to help prospective health 
clinic patients get the shortest path that is displayed on the map using the 
web-based Steepest Ascent Hill Climbing algorithm). (K7) Dengan cara 
menghitung manual titik koordinat setiap persimpangan jalan dan 
menghubungkan antar titik koordinat setiap persimpangan jalan yang 
mungkin untuk dilalui (By manually calculating the coordinates of each 
intersection and connecting between the points of coordinates of every 
possible intersection). 

 
After conducting text pre-processing, counting TF-IDF for 

sentence weight, and calculating the similarity between 
sentences, the next step is to form a graph of similarity between 
sentences illustrated in Figure 1. Then, implementing the 
Bellman-Ford algorithm will also run until it finds the closeness 
between sentences and produces summary results. 

The process of implementing the Bellman-Ford algorithm 
will produce the shortest distance value starting from Sentence 
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1 (K1) to Sentence 7 (K7). Initialization is performed by 
assigning 0 for the starting point and infinite values for the other 
points. The path obtained from the shortest path between 
sentences based on the calculation of the Bellman-Ford 
algorithm is the summary result. In the example illustration, the 
resulting extraction summary is Sentence 1 (K1), Sentence 2 
(K2), Sentence 4 (K4), and Sentence 6 (K6). This value 
indicates the level of similarity between sentences. The cost 
value shows the level of similarity between sentences. The 
smaller the cost value between sentences, the higher the 
similarity between sentences, and vice versa. 

 
Figure 1: Graph illustration of similarity between sentences 

 
3.3 ROUGE-L Evaluation 

The summary results were evaluated using the ROUGE-L, 
which measures the precision, recall, and f-measure values. The 
results of the ROUGE-L evaluation of 20 topics of the scientific 
journal article in detail are presented in Table 1. The resulting 
average precision value was 0.65, the average recall value was 
0.85, and the average value of the f-measure was 0.72. The bold 
number means the highest score in precision, recall, and f-
measure value. 

 
Table 1: ROUGE-L Evaluation Result 

Topic Precision Recall F-Measure 
T1 
 

0.44 0.91 0.59 
T2 0.71 0.94 0.81 
T3 0.36 0.82 0.5 
T4 0.8 0.58 0.7 
T5 0.42 0.93 0.58 
T6 0.99 0.88 0.93 
T7 0.91 0.93 0.92 
T8 0.71 0.89 0.79 
T9 0.55 0.92 0.69 
T10 0.27 0.67 0.39 
T11 0.88 0.99 0.93 
T12 0.68 0.98 0.8 
T13 0.69 0.99 0.81 
T14 0.52 0.53 0.53 

Topic Precision Recall F-Measure 
T15 0.33 0.57 0.42 
T16 0.55 0.92 0.69 
T17 0.99 0.97 0.98 
T18 0.75 0.95 0.84 
T19 0.56 0.75 0.64 
T20 0.96 0.91 0.93 
Average 0.65 0.85 0.72 
Minimum 0.27 0.53 0.39 
Maximum 0.99 0.99 0.98 

 
3.4 Manual Evaluation 

The proposed web-based application design in the previous 
works [15] is developed and evaluated using black-box testing. 
Black box testing is conducted to ensure that all application 
functionality is run well [30]. The result of black-box testing 
shows that all of function of automatic text summarization 
application has been running according to its function.  

Furthermore, the summary result that produced using the 
Bellman-Ford algorithm was evaluated by 37 readers. 
Evaluation is carried out to find out whether the summary 
results are still easy to understand, considering that the type of 
summary is an extraction that does not change the context or 
content of the document. Likewise, with the order in which the 
sentences appear according to the order in the original 
document.  

Each reader evaluates 20 summary results in accordance 
with the article topic. So, there is 740 evaluation result from 
readers. This manual evaluation, provided in Figure 2, shows 
that 11% of summary results are effortless to understand, 47% 
of summary results are easy to understand, and 33% of 
summary are quite easy to understand. The rest is lacking and 
difficult to understand. The manual evaluation results show 
alignment with the results of ROUGE-L, where the summary 
results are quite good and relatively easy to understand. 

  

 
Figure 2: Manual evaluation of summary result 

 
4. CONCLUSION 

Automatic text summarization can help researchers or 
readers find information from multiple scientific journal 
articles in a more concise form. This study creates a web-based 
system that can produce summaries of several journal articles 
using the Bellman-Ford algorithm. Text summarization uses 
the Bellman-Ford algorithm through several stages: pre-
processing, weighting using TF-IDF, forming document graphs, 
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and applying the Bellman-Ford algorithm. The summary results 
are taken based on the results of the search for the shortest path 
traversed by the first sentence to the last sentence based on the 
formation of the document graph. Based on the ROUGE-L 
evaluation with 100 journal articles divided into 20 topics, it 
has an average f-measure of 0.72. These results indicate that the 
suitability of the summary results using the Bellman-Ford 
algorithm and the summary manual is quite good. However, 
there are still readers who find the summary results difficult to 
understand. Therefore, the further research can focus on 
achieving a summary result that is easy to understand. It is also 
possible to apply the type of abstractive summary to improve 
the continuity and legibility between sentences from multiple 
documents. 
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Abstract—Nowadays, as the new technology evolving 
tremendously, huge amount of data is produced. The data is 
increasing and changing over the time, and it is necessary to extract 
the related information from the text data and to be able to classify 
the text data accordingly for future review. Automatic text 
classification is the automated process of assigning groups or 
categories to text according to its content. This study proposes text 
classification for final year project abstract using machine learning 
techniques. For better understanding of the dataset, Natural 
Language Processing is applied for extracting features. Feature 
extraction is an important process in text classification at extracting 
important features from the document. Features of the dataset are 
extracted using Count Vectorization and Term-Frequency Inverse 
Document Frequency (TF-IDF) techniques. The extracted features 
are used to build the text classifier using Machine Learning models 
such as Naïve Bayes, SVM, kNN, Linear Regression and Random 
Forest. Each classifier model is then tested using test dataset to 
evaluate its accuracy. The results show that Naïve Bayes performs 
best in Count Vector (91%) and Word Level TF-IDF (77%), and 
Linear Regression performs best in Ngram Level TF-IDF (85%) and 
Character Level TF-IDF (83%). 

 
Keywords— text classification, machine learning. 

1. INTRODUCTION 
Most of the data available today in this world are unstructured 
including text data. Natural Language Processing (NLP) plays an 
important role in making this text data useful. NLP helps to 
extract the significant and related insights from the text. Besides 
Sentiment Analysis, Spam Filtering and Topic Modelling, text 
classification as one of the known tasks of NLP that aims to 
automatically classify the text document into one or more 
predefined category. It is good for efficiently managing massive 
amounts of unstructured information especially for narrowing 
down the locations where credible information may be found. 

The paper describes a research study that aims to classify the 
abstract of FYP report of Computer Science students into 4 
groups: Artificial Intelligence, Software Engineering and 
Database, Multimedia and Games, and Networking and Security 
(see Figure 1). The classification process is implemented using 
machine learning techniques.  

A collection of FYP abstract is compiled and used as a dataset. 
The dataset is then manually labelled according to the given 
group. For better understanding of the dataset, NLP is applied for 
extracting features. Feature extraction is an important process in 
text classification at extracting important features from the 
document. Five text classifier models such as Support Vector 
Machine (SVM), Naïve Bayes (NB), k-Nearest Neighbor (kNN), 

Random Forest and Linear Regression (LR) were used for 
performance evaluation. The results of this paper can help the 
researchers to select the optimal FYP abstract classifier model. 
 

 
Figure 1: Illustration of FYP Abstract Classification 

 
The remainder of this paper is organized as follows. Firstly, 

existing research studies are explained in Section 2. Then, Section 
3 will describe datasets and features generated from the datasets. 
Results from the experiment will be discussed in Section 4 and 
finally conclusions are wrapped up in Section 5. 

2. LITERATURE REVIEW 
There are many studies have performed to implement machine 

learning techniques on text classification such as [1] to [10]. 
According to [1] in the article An Improved Global Feature 
Selection Scheme for Text Classification, it was reported that 
Improved Global Feature Selection Scheme (IGFSS) technique 
used with Top-N feature which are Information Gain (IG), Gini 
Index (GI) and Distinguishing Feature Selector (DFS) highly 
increase the performance of text classification. The three datasets 
of Benchmark collection used are Benchmark Collection of 
WebK, Classic3 and Reuters. The feature selection scores are 
calculated, and the terms are sorted according to their feature 
selection scores in descending order. After the sorting process, 
top-N features are inserted into the feature set. For the result, the 
performance of classification is improved in terms of Micro-F1 
and Macro-F1. 

A research by [2] used a paragraph vector-based topic detection 
method with word and paragraph as features. Neural network 
models were used for fully parameterize the word vectors and the 
parameters are used to estimate the conditional probability a 
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target word will appear. The paragraph vectors represent phrases, 
sentences, paragraphs, and documents. It is the same learning 
method as the word vector. The datasets used were two public 
clinical reviews and three health reviews. The method contributes 
to reduction of manual annotation workload. 

[3] proposed the method which is based on submodular 
optimization to extract summaries and the method consist of two 
phases which are candidate sentence selection and topic summary 
extraction. Only the relevance sentences are taken as candidates 
for summary extraction. The sentences are ranked and the top 500 
that are most related to the topic are selected. The topic summary 
extraction aims for an optimal summary by maximizing a score 
function. 

In a survey study by [4] on Feature Extraction Methods in Text 
Categorization mentioned the raw data must be represented either 
as bag of word or Vector Space Model for classification. Bag of 
word representation uses every sentence in the document without 
giving care to its grammar or the word orders. What matters most 
is that the frequency of occurrence of the word. Vector Space 
Model includes indexing the documents at which the content 
bearing terms are extracted, weighting of the indexed terms and 
ranking of the documents by similarity measurement. 

Other study by [5] proposed a method which includes 
Candidate Generation using word2vec and Doc2vec. Word 
embedding learnt during the training as doc2vec run word2vec 
internally. Next after Candidates Generation is the Candidates 
Ranking which takes four features which are LetterTrigram, 
PageRank, lexical and TopicOverlap. Support Vector Regression 
Model is used to train over the four features. 

According to [6] in their article Text Understanding from 
Scratch, Convolutional Network (ConvNet), the main component 
of the ConvNet model is the temporal convolutional module 
which computes 1-D convolution between input and output. For 
character quantization, a sequence of encoded character is used 
as inputs and the data augmentation uses thesaurus is also a new 
enhancement. 

[7] proposed a new methodology for text classification. The 
new methodology combines RNN and CNN to form Long 
ShortTerm Memory. N-gram feature is extracted through 
convolution and for text classification, the output of last step in 
LSTM is used as the document representation and a softmax layer 
is added on top. The model is trained by minimizing the cross-
entropy error. 

3. AN EXPERIMENT, DATASET AND FEATURES 
The research experiment goes through five phases which are data 
collection, data pre-processing, feature engineering, model 
building, and model evaluation as illustrated in Figure 2. 

In the first phase, a total of 817 FYP abstract data were 
collected from E-print. The E-print system is an institutional 
repository for keeping the collection of Universiti Teknikal 
Malaysia Melaka (UTeM) student report. The FYP abstract 
dataset is downloaded in JSON format from the university e-

prints system which the time frame is from 2004 until 2015. The 
FYP abstract dataset in JSON format is converted into Comma- 

 

 
Figure 2: Research Experiment Flow 

 
Separated Value (CSV) format by using online converter. The 
data is stored as plain text and pre-processed to obtain a clean 
data.  

During the second phase, which is data pre-processing, the 
converted FYP abstract dataset is cleaned by removing the stop-
word. Then, each FYP (cleaned) abstract data was tagged with 
the following four labels: 1 for Artificial Intelligence, 2 for 
Software Engineering & Database, 3 for Multimedia & Games, 
and 4 for Networking & Security.  

In the third phase which is feature engineering, the related and 
important features are extracted from the cleaned abstract data. 
For this research, Count Vector and Term Frequency-Inverse 
Document Frequency (TF-IDF) were chosen as features.  

The extracted features are then used in the machine learning 
classification model in the fourth phase (model building). The 
models that were used in this project are Naïve Bayes (NB), 
Support Vector Machine (SVM), Linear Regression (LR), 
Random Forest (RF) and K-Nearest Neighbor (KNN).  

Lastly in the final phase, the machine learning text 
classification model evaluation was performed on both the 
selected model and the text annotation dataset in terms of its 
accuracy in classifying the FYP abstract dataset. The result which 
is the classification accuracy will help in modifying and 
improving the text classification model for better text 
classification performance. 

3.1 Feature Extractions 
In text classification, feature engineering or so-called feature 

extraction act an important role in producing a high performance 
and accuracy of a machine learning algorithm, as can be seen in 
Figure 3, the extracted feature is to be fed into the machine 
learning model. 
a) Count Vector: Count vectorization (also known as Bag of 

Words) is counting the occurrences of words that appears in 
a document and representing the words in vector that to be 
used in model classifier. The example is showed in Figure 
4. 

b) Term frequency - Inverse Document Frequency (TF-IDF): 
TF is the frequency of the words in current document while 
IDF represents the score of the words among all the 
documents. The IDF of an infrequent word is high while the 
IDF for the frequent word is low. For this experiment, three 
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types of TF-IDF were extracted: word level, n-gram level 
and character level.  The example word level TF-IDF is 
showed in Figure 5. 

 
Figure 3: Extracted Feature Fed into Machine Learning 

Algorithm 
 

 
Figure 4: Example of Count Vector Feature Extractions. 

 
Figure 5: Example of Word Level TF-IDF Feature Extraction. 

3.2 Model Building 
a) Support Vector Machine (SVM): SVM is a type of linear 

model. SVM is an algorithm which used to determine the best 
decision or solution boundary between the vectors that belong 
to a given class (or category) with the vectors that does not 
belong to it. It undergoes feature selection by picking the 
support vectors.  

b) Naïve Bayes (NB): NB is a type of Probabilistic model and 
can greatly reduce the computation time. NB classifiers has 
good resilience to missing data. Multinomial variant NB is 
most suitable for texts. 

c) Logistic Regression (LR): Logistic Regression is used for 
classification issue in which to predict the group of an object 
belongs to. This classification algorithm is very simple, and it 
is easy to understand at which it also can be generalized to 
multiple classes at ease. 

d) Random Forest (RF): Random Forest is a classifier based on 
object learning technique. The output class is the 
classification of the individuals. This algorithm gives good 

result most of the time and commonly used because it is 
simple and easy. It also can be used in both classification and 
regression tasks. 

e) K-Nearest Neighbor (kNN): kNN, a simple algorithm for 
storing available cases and classify new category of classes. 
It classifies based on its neighbor majority vote. The higher 
the K value the greater it reduces overall noise. The optimal 
K value for datasets has been said to be between 3-10 which 
produces better results as compared to that of 1-NN. 

4. RESULT AND DISCUSSION 
The evaluation result in terms of classification accuracy with 

four feature extractions and five classification models is showed 
in Table 1. These show that Naïve Bayes model classifier 
outperformed other classifier models with the highest accuracy 
on count vector and word level TF-IDF features with accuracy of 
0.9122 and 0.7707, respectively.  As for the other two features 
extraction which are n-gram and character level TF-IDF, Linear 
Regression model give highest accuracy with the value is 0.8537 
and 0.8341, respectively. SVM is not the best model classifier to 
be used to classifier textual data as its results are the lowest for 
all feature extraction and classifiers.  

 
Table 1: Accuracy Results  

 
 
The results of all classifier model evaluation for each feature are 
also visualized in bar graphs as depicted in Figure 6, 7, 8 and 9. 
From the graph of features extraction versus model classifier in 
Figure 6, the Count Vector features perform better with Naïve 
Bayes and Linear Regression model classifier. In Figure 7 and 
Figure 8, it shows the Word Level and N-Gram level feature 
extractions performs with others four classifier models which are 
Naïve Bayes, KNN, Random Forest and Linear Regression 
models. It has lower accuracy when fit into Support Vector 
Machine (SVM). In Figure 9, the bar graph indicates Character 
Level TF-IDF performs with Linear Regression and KNN 
classifier model.  
 
5. CONCLUSION  
The features extraction that are genuine and relevant for text 
classification are identified and evaluated with various types of 
machine learning classifier model and its performance in terms 
of accuracy are measured, recorded, and analyzed. The analyzed 
results are represented in bar graph which provides clearer view 
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Figure 6: Count Vector with Various Model Classifiers 

 

 
Figure 7: Word Level TF-IDF Vector with Various Model Classifiers 

 

 
Figure 8: Ngram Level TF-IDF with Various Model Classifiers 

 
and observation. The different features extraction performs 
differently with different classifier models. The limitation of this 
study is that the data pre-processing phase are not fully completed 
and affects the accuracy results of the performance of the 
classifier model. The accuracy can be increased by improving 
data pre-processing or noise removal. The pre-processing phase 
should be as complete as possible to obtain better accuracy 
results. Future work involves in adding some more relevant data, 
improving the pre-processing text and implementing the state-of-
art feature extraction, which is word embedding. 

 
Figure 9: Character Level TF-IDF Vector with Various Model 

Classifiers 
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Abstract- Network security metrics are a combination of 
qualitative and quantitative data of the security status of 
a system or network. Many metrics have proposed to in 
previous years. Objective: The aim of this study was to 
present a comparison of attack graph path based security 
metrics to measure network secure. Few metrics has been 
chosen which are Shortest attack path, Number of attack 
paths, Mean attack path length, Normalized mean of 
attack path metric, Mode of attack path length, Median 
of attack path length, Mean vulnerabilities on path, and 
Weakest path metrics. Results: The experiments show 
the MVoP metric records (4.5) average vulnerabilities on 
the path for network A and (1.07) average vulnerabilities 
on the paths for network B while WP metric shows the 
specific weakest path on the network A and network B. 
Discussion: The MVoP and WP have been more specific 
results because these metrics are based on the 
vulnerabilities on the path more than focus on the 
number on the nodes or number of the paths in the 
network. 

Keywords- Security Metrics, Attack graph metrics, 
attack path 

1. INTRODUCTION  

In recent years, the use of network technologies has 
increased [1]. However, though the network is beneficial 
for human to live and work, it also has some security 
issues that should be addressed. Security has been and 
will continue to be a serious concern in many critical 
computers systems and applications [2]. A thorough 
cybersecurity attack will wreak havoc on both the target 
system and the businesses or organizations that rely on it 
[3]. The attacker might use similar methods to access to 
confidential information, decrease networks 
performance, and finally seize control of the targeted 
system. The researchers utilised a variety of techniques 
to detect and protect the network against threats. An 
attack graph is one of these ways for analysing 
vulnerabilities. 

An attack graph can be used for a variety of reasons, with 
positive or harmful outcomes [4]. Researchers typically 
employ attack graphs to improve network security. The 

computing of security metrics is one of these 
applications. Attack graphs could be used to establish 
metrics and examine the network's overall security. 
These metrics could be used to measure the threat of the 
network. According to the National Institute of Standards 
and Technology (NIST), security metrics are strategies 
that gather, evaluate, and report essential performance-
related data to improve decision-making, enhance 
performance [5]. 

Researchers have developed a variety of security 
measures, including the Shortest Attack Path (SP) 
Metric, Mean of Attack Paths Length (MoPL) Metric, 
and Number of Attack Paths (NP) Metrics, among others. 
Some metrics are merged to provide new metrics with 
improved features and results, such as the Standard 
Deviation of Path Lengths (SDPL) Metric proposed by 
[4]. 

However, these measurements can produce false 
conclusions by neglecting to account for the amount of 
paths the attacker can breach a security policy. In this 
paper, a comparison of attack graph path based metrics 
are introduced. To do the comparison, two network 
topology are provided to implement the metrics. the rest 
of the paper are organized as the following. Section 2 is 
overview of security metrics. Section 3 is explaining the 
experiment. Section 4 is explaining the results and 
section 5 is the conclusion. 

2. SECURITY METRICS 

Security metrics are instrument that collect, evaluate, and 
present relevant performance-related data to enhance 
decision-making and improve performance. Security 
metrics divided to five types which are architecture 
based, performance based, probability based, complexity 
based and time based [6]. Attack graph based security 
metrics is type of architecture based metrics [7]. It's a 
value derived from analysing the internal characteristics 
of a network that have an impact on IT or operational 
security. The values are derived from creating an attack 
graph and then doing an analysis on it. This is the 
analysis that results in the attack graph-based security 
metric [7]. 
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Based on [8], attack graph based security metrics are 
divided to two types depending on accessibility in the 
network which are Host-based metrics and Network-
based metrics as in figure 1 [8]. 

 

Figure 1: Attack graph security metrics classification [8] 

In a network, Individual hosts' security levels are 
quantified using host-level data. The two types of host-
based metrics which are probability and without 
probability. Because it is sometimes impossible to 
identify a probability value for an attack, the 
categorization was done, and some analysis and 
optimization can be done with or without probability 
assignments [9]. 

The network-level metrics are used to aggregate the 
security properties of a network based on its structure. In 
the network level, the metrics divided to two types which 
are path based and non-path based. Path-based metrics 
employ a network's connection information to determine 
the network's security level. While the structure and 
properties of a network are not taken into account in non-
path-based metrics, the network security is quantified 
regardless of the network structure [7]. Researchers had 
proposed many metrics. Table 1 provide a description of 
the path based metrics that used in the comparison. The 
reason of choosing these metrics is these metrics are 
widely used.  

Table 1: Path based metrics description 

 

3. EXPERIMENT  

The experimentation of the metrics was completed in this 
phase. Two attack graphs were created using two 
separate networks in the experiment. The topology of the 

network will be explained next. The outcomes of using 
the metrics will next be reviewed. 

A. NETWORK DESIGN 

Two networks have been chosen to investigate the 
impact of our suggested metrics in this experiment. As 
shown in Figure 2, network A has (2) workstations, (3) 
servers, firewall, and external attacker. In this network 
configuration, network connectivity is determined by the 
firewall rules shown below: 

 The web server and other devices have 
bidirectional communication. 

 The external workstation is an attacker who is 
located on the internet and has HTTP protocol 
and HTTP port access to the webserver. 

 HTTP protocol and HTTP port provide internet 
connectivity to the two workstations and 
fileserver. 

 The database server is accessible to the two 
workstations. 

 

Figure 2: Network A topology 

Meanwhile, as shown in Figure 3, network B has (4) 
workstations, (2) servers, as well as an attacker. In this 
network configuration, network connectivity is 
determined by the firewall rules given below: 

 The web server and other devices have 
bidirectional communication. 

 The external workstation is the attacker located 
on the internet and has access to the web server 
through HTTP protocol and HTTP port. 

 Work station 4 has access to the database server. 
 All work stations have access to the internet 

through HTTP protocol and HTTP port. 
 All workstation has a connection with each 

other. 
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Figure 3: Network B topology 

In the following context, the experiments evaluated the 
creating attack graph. The computer has a core i5 2.0 
GHz processor with 8 GB of RAM, Windows 10 as the 
operating system, and Microsoft Visual Studio C# 2012 
was used to code. To load the vulnerabilities to the attack 
graph, the Common Vulnerabilities and Exposures 
(CVE) and National Vulnerability Database (NVD) lists 
were used, which were provided by NIST. 

4. RESULTS 

The results of the experiment will be discussed in this 
section. Before going over the findings, it's necessary to 
figure out how to move from the attacker node to the 
targeted node which is the database server in both 
networks. 

As shown in Table 2, network A records (4) paths while 
network B records (14) paths. The paths had extracted 
from the networks depending on network topology. 

Table 2: Paths of the networks 

 

The letters A, W, and D stand for Attacker, Webserver, 
Database, and Workstations, respectively. Only the 
webserver allows the attacker to access the workstations. 
The Attacker's next move, in this situation, is to attack 
the webserver. While the webserver has a bidirectional 
connection to the workstations, it does not have direct 
access to the database server, which can only be accessed 

by both network A and network B workstations. In this 
case, the Attacker must first conquest the workstations 
before attempting to conquest the database server by 
exploiting network vulnerabilities. 

The results show that SP metric detect two paths in 
network A and one path in Network B as a shortest paths 
and the possible paths that may the attacker use it to reach 
to the target while WP metric detect one path in each 
network as a weakest path based on the vulnerabilities 
amount in every node in the path as in table 3. On the 
other hand, NP metric shows that network A is more 
secure than network B because have less possible paths 
for the attacker to reach to the target. MPL, MoPL and 
MePL metrics shows that network A is more secure 
because the depends on the paths only. While MVoP 
result shows that network B is more secure because of 
the average weaknesses in network B is less or the 
weaknesses are not critical not like network A. 

Table 3 Metrics implementation results 

Metric Network A Network B 
SP - A-W-1-D 

- A-W-2-D 
A-W-4-D 

NP 4 16 

MPL 3.5 5.06 

NMPL 0.875 0.316 
MoPL 4 6 
MePL 7 8 
MVoP 4.5 1.07 

WP - A-W-2-D A-W-2-3-4-D 

 

5. CONCLUSION  

In this paper, a comparison between some of attack graph 
path based metrics has been provided. The results show 
that most of the path based metrics calculated by using 
the number of steps or number of the paths which may 
lead to misleading results, however, MVoP and WP 
metrics calculated by using the number of the 
weaknesses and the value of the weaknesses in the paths 
which give a real result about the network secure. For 
future work, we suggest to proposed new metrics to 
combine between path and host based for better accuracy 
of identifying the path that might use by the attacker. 

 

REFERENCES  

[1] A. Ramos, M. Lazar, R. Holanda Filho, J. J. P. 
C. P. C. Rodrigues, R. H. Filho, and J. J. P. C. 
P. C. Rodrigues, “Model-based quantitative 
network security metrics: A survey,” IEEE 



Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 1 Computational Intelligence -

13

 Al-Araji et al., 2021 
 

12 
 

Commun. Surv. Tutorials, vol. 19, no. 4, pp. 
2704–2734, 2017, doi: 
10.1109/COMST.2017.2745505. 

[2] Z. J. Al-Araji, S. S. S. Ahmed, R. S. Abdullah, 
A. A. Mutlag, H. A. A. Raheem, and S. R. H. 
Basri, “Attack graph reachability: concept, 
analysis, challenges and issues,” Netw. Secur., 
vol. 2021, no. 6, pp. 13–19, 2021. 

[3] A. A. Hassan, W. M. Shah, M. F. I. Othman, 
and H. A. H. Hassan, “Evaluate the 
performance of K-Means and the fuzzy C-
Means algorithms to formation balanced 
clusters in wireless sensor networks.,” Int. J. 
Electr. \& Comput. Eng., vol. 10, no. 2, 2020. 

[4] N. Idika and B. Bhargava, “Extending attack 
graph-based security metrics and aggregating 
their application,” IEEE Trans. Dependable 
Secur. Comput., vol. 9, no. 1, pp. 75–85, 2010, 
doi: 10.1109/TDSC.2010.61. 

[5] Y. Cheng, J. Deng, J. Li, S. A. Deloach, and A. 

Singhal, Metrics of Security, vol. 62. Springer 
International Publishing Switzerland 2014, 
2014. 

[6] Z. J. Al-Araji, S. S. S. Ahmad, and R. S. 
Abdullah, “Propose Vulnerability Metrics to 
Measure Network Secure using Attack Graph,” 
Int. J. Adv. Comput. Sci. Appl., vol. 12, no. 5, 
2021, doi: 10.14569/IJACSA.2021.0120508. 

[7] N. C. Idika, “CHARACTERIZING AND 
AGGREGATING ATTACK GRAPH-BASED 
SECURITY METRICS,” Purdue University, 
2010. 

[8] S. Y. Enoch et al., “Composite metrics for 
network security analysis,” arXiv Prepr. 
arXiv2007.03486, pp. 137–160, 2017, doi: 
10.13052/jsn2445-9739.2017.007. 

[9] K. Kaynar, “A taxonomy for attack graph 
generation and usage in network security,” J. 
Inf. Secur. Appl., vol. 29, pp. 27–56, 2016, doi: 
10.1016/j.jisa.2016.02.001. 

 



Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 1 Computational Intelligence -

14

Proceedings of the 3rd International Conference on Intelligent & Interactive Computing (IIC 2021), pp. 13-16, September 2021 
 

 

Detection using Convolution Neural Network for Plant Disease 
Identification in Tomato, Potato and Bell Pepper 

Rheshwan Raj Ravichandran1, Norzihani Yusof1*, Nuzulha Khilwani Ibrahim1 

1 Fakulti Teknologi Maklumat dan Komunikasi, Universiti Teknikal Malaysia Melaka, 
Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia 

*Corresponding e-mail: norzihani@utem.edu.my 
 

Abstract — The economy is heavily reliant on crops and 
plants. However, every year approximately three million 
hectares of agricultural land are lost as a result of soil 
erosion and becoming unusable due to crumbling. This will 
have an impact on plant health, which in turn will have an 
impact on development. Hence, the objective of this 
research is to identify plant diseases using deep learning. 
This project is completed by analyzing images utilizing deep 
learning as well as the Conventional Neural Network (CNN) 
to acquire image data that will be used in this leaf disease 
detection. A dataset consisting of 14 types of leaf diseases 
containing around 1000 images consists of bell pepper, 
potato and tomato with diseases such as bacterial spot, early 
blight, target spot and yellow leaf curl virus leaf mould. It 
was concluded that the CNN method is very efficient in 
identifying the diseases with an extraordinary accuracy of 
93.3 percent. This research is expected to help the farmers 
and plantsman with the early identification of leaf diseases 
to improve the quality and productivity of crops and plants. 
 
Keywords — deep learning, plant leave disease, artificial 
intelligence 
 
1. INTRODUCTION 

The economy is heavily reliant on crops and plants. With 
demography rising fast, there is a genuine necessity to create 
agronomic crops and plants in this century. Cutting-edge 
development solicitations are being developed at a growing rate 
without expanding its domain measure. One of the grounds for 
continued growth is the re-use of comparative land, although 
the re-use strategy of agricultural land does not work every time 
due to land conditions. We can observe a few issues with 
reusing land in order to create greater development. 

Every year, approximately three million hectares of 
agricultural land are lost as a result of soil erosion and 
becoming unusable due to crumbling. This will have an impact 
on plant health, which in turn will have an impact on 
development. The application of advances, such as deep 
learning in agronomic crops and plants, could have a significant 
impact. This eventually jeopardizes the crop's consistency, 
quantity, or production. The discovery of plant health through 
some programmed technique is advantageous since it reduces 
the significant effort of inspecting products in large homesteads. 
This research proposes a dataset method system for the 
automatic detection and characterization of plant leaf diseases. 
It also covers research on various plant health strategies that 
can be used for further therapy and intervention. Hence, the 
objective of this research is to identify plant diseases using deep 
learning. 

 

 2.  LITERATURE REVIEW 
Sachin and Patil [1] described several segmentations and 

function extraction methods that may be used to classify leaf 
illnesses using images of their leaves. Plant diseases are 
difficult to detect manually since they need a lot of time, 
knowledge of leaf diseases, and a lot of work. The whole 
detection method of plant leaf diseases has been split into five 
phases by the author: image acquisition, pre-processing, 
segmentation, feature extraction, and disease classification. For 
RGB leaf image acquisition, the transformation structure was 
adopted. The picture is then pre-processed to remove the noise 
and improve the image contrast. For the division of pictures 
into different functional parts, segmentation is accomplished 
using k-means clustering, Otsu filters, and other techniques. 
This split picture is then utilized for feature extraction, followed 
by final classification utilizing several classification algorithms. 
This method works well for detecting leaf diseases. 

Furthermore, Sannakki et al [2] used a feed-forward back-
propagation Neural Network-based approach to diagnose and 
classify diseases in grape leaves. As feedback for the diagnostic, 
the author utilized grape leaf pictures with a complex context. 
Further anisotropic diffusion is utilized to reduce the noise in 
the picture that is further segmented using k-means clustering. 
Finally, impacts are seen using the neural network. The results 
are validated using MATLAB simulations of downy mildew 
and powdery mildew pictures. For the validation of findings 
using true positive and false positive parameters, the confusion 
matrix is used. When the hue function is utilized alone, the 
author claims that training accuracy is 100 percent. 

Similarly, Kutty et al [3] used a neural network-based 
approach to diagnose Downey Mildew and Anthracnose for 
watermelon leaf diseases. The author calculated the true 
positive rate, true negative rate, and total accuracy to determine 
the efficacy of the suggested approach. The color 
characteristics extracted from the RGB color model produced 
in the region of interest from the pixels mentioned are used to 
classify them. The entire result is displayed using a ROC curve 
with an AUC value of 0.5. In the real categorization result, the 
value of 75.9 percent is also shown. 

In addition, Rothe and Kshirsagar [4] presented pattern 
recognition approaches for the identification and categorization 
of Alternaria, Myrothecium, and Bacterial Blight for cotton leaf 
diseases. Images from the Nagpur Cotton Research Central 
Institute's field were used to create the dataset. The active 
contour-based segmentation technique is used to isolate 
diseased areas. The author also made some suggestions for 
similar ideas such as wheat, orange, citrus, and maize crops, 
among others. 

The performance of convolutional neural networks in object 
recognition and image classification has made tremendous 
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progress in the past few years. Written by Sharada P.Mohanty, 
David P.Hughes, Marcel Salathe [5] these approaches thus 
depended heavily on the underlying predefined features. 
Feature engineering itself is a complex and tedious process that 
needs to be revisited every time the problem at hand or the 
associated dataset changes considerably. This problem occurs 
in all traditional attempts to detect plant diseases using 
computer vision as they lean heavily on hand-engineered 
features, image enhancement techniques, and a host of other 
complex and labor-intensive methodologies. Hence using a 
convolutional neural network, the model is trained on images 
of plant leaves to classify both crops and identify of disease on 
images that the model had not seen before. 

Not to mention, by Yuhao Wu [6], a paper on Identification 
of Maize Leaf Diseases based on Convolutional Neural 
Network, the identification and diagnosis of crop leaf disease is 
of great significance to improve the quality of crop cultivation. 
Compared with the traditional manual diagnosis method, the 
automatic identification of crop leaf disease based on computer 
vision technology has high efficiency and no subjective 
judgment error. But the traditional image processing 
technology is affected by different illumination conditions, 
cross shading. The algorithm's robustness is affected. Because 
deep learning does not need to set learning features manually, 
which greatly improves the recognition efficiency. two-channel 
Convolutional Neural Network was constructed based on VGG 
and ResNet. Taking the maize leaf diseases as research objects, 
the maize leaf disease data set has been constructed and 
preprocessed. And the structure and characteristics of AlexNet, 
VGG and ResNet are introduced respectively. By adjusting the 
parameters of the two-channel Convolutional Neural Network, 
the accuracy of identifying the maize leaf disease type in the 
validation set can reach 98.33%, while the VGG model can 
reach 93.33%. The classification results on three types of maize 
leaf diseases show that the two-channel Convolutional Neural 
Network has a better performance than the single AlexNet 
model. 

Furthermore, Han Zhongzhi [7], said in his book, computer 
vision is a fast-growing technique of agricultural engineering, 
especially in the quality detection of agricultural products and 
food safety testing. It can provide objective, rapid, non-contact 
and non-destructive methods by extracting quantitative 
information from digital images. Significant scientific and 
technological advances have been made in quality inspection, 
classification and evaluation of a wide range of food and 
agricultural products. Computer Vision-Based Agriculture 
Engineering focuses on these advances. 

Deep Learning is a subfield of machine learning concerned 
with algorithms inspired by the structure and function of the 
human brain in processing and decision-making tendencies 
when processing information which is called artificial neural 
networks. Deep education is a type of machine learning in 
artificial intelligence (AI) that uses networks to learn from 
unstructured or unlabeled material through observation. Known 
as neural deep learning or deep neural network. As mentioned 
before deep learning, also known as structured learning, is part 
of a machine learning strategies-based artificial neural network 

represented by a learning network that can be supervised, semi-
supervised or unsupervised. Deep learning is used in fields such 
as computer vision, speech recognition, natural language 
processing, audio recognition, social network filtering, 
machine translation, bioinformatics, medical image analysis, 
content inspection, and board game programs that have been 
applied to deep learning architectures such as deep neural 
networks, deep belief networks, recurrent neural networks, and 
convolutional neural networks, have achieved output 
comparable to and in some instances beyond the success of 
human experts. 

With the digital era, deep learning has evolved hand in hand, 
leading to an explosion of knowledge from all kinds and all 
regions of the world. This data, also known as big data, is taken 
from sources such as social media, internet search engines, 
websites for e-commerce, and online cinemas, among others. 
This large quantity of data is easily accessible and can be shared 
by Fintech applications such as cloud computing. However, the 
data, which is typically unstructured, is so vast that it could take 
decades to understand and extract relevant information from 
humans. Companies realize the enormous potential of 
unraveling this richness of information and are increasingly 
adapting to AI systems for automated help. 

Figure 1 shows Deep-learning techniques are representation-
learning methods with several layers of representation 
generated by combining simple but non-linear modules that 
progressively convert the representation at one level (beginning 
with the raw input) into a higher, somewhat more abstract level. 

 

 
 

Figure 1: Neural Network of Deep Learning 
 
3.  MATERIAL AND METHOD 
3.1 Methodology 

The project methodology is a set of guiding principles and 
processes for managing a project to make sure the project is 
done in the right manner. The idea methodology that had been 
handle chooses is the lifecycle of deep learning. The lifecycle 
of deep learning derives its name due to cascading effect from 
one phase to another. This is chosen because it is desirable for 
this project where each process needs to be fulfilled first before 
proceeding to the next step. 

The input image is uploaded and pre-processed in the 
following phase and then it is transformed into array form to 
detect difference between existing features. The dataset is pre-
processed and then retitled into suitable folders. The model is 
well trained using CNN and then classification takes position 
as shown in figure 2. 
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Figure 2: Flow chart 

 
The evaluation of the image and the trained model take 

position tracked by the display of the result. If there is an 
infection in the plant, then it will display the disease. 
 
3.2 Technique 

Like previous studies [9], AI methods like CNN can be used 
to get better analysis after the augmentation of the images. 
Hence for this research, a data augmentation technique is used 
to significantly increase the number of images in a dataset. 
Augmentation is implemented by performing various 
operations such as shift, rotation, zoom, and flip on the image 
dataset to diversify the dataset. By providing augmented 
images to a model helps it efficiently learn features from 
different areas of the same image and thus perform better on 
unseen image data. 

Figure 3 shows the process of detection. When we provide 
an input image first the module extracts the leaf features. Then 
it goes through the CNN model to compare the features with 
the already trained dataset Then the module will predict 
whether the plant leaf is affected by any disease or not. It shows 
the output from one among the 6 classes which are trained. 
Then the output is going to be during a textual format. 

 

 
Figure 3: Process of Deep Learning 

 
 
3.3  Requirements 

There are few prerequisites to operate the system. The 
requirements are a computer with windows 7 or above with 12 

GB ram or above, Jupyter notebook version 6.0.3 with python 
installed version 3.7. 
 
4.   DATA ANALYSIS 
4.1 Data Collection 

Traditional forecasting approaches are generally based on 
time series and only utilize a few demand variables, but when 
we use AI techniques like neural networks or machine learning 
to predict, we can integrate big data, cloud computing, and 
learning algorithms to assess numerous data points. Manually 
detecting leaf disease in plants is a crucial task in the 
agricultural industry, as plant disease is quite frequent. On the 
other hand, suitable precautions are not taken into account, 
resulting in genuine consequences on plants as a result of crop 
and plant quality, or production limitations. 

Neural networks are simple electrical networks of neurons 
based on the brain's neural structure. They go through each 
record one at a time, learning by comparing their categorization 
to the real classification of the record. The mistakes from the 
first record's first categorization are sent back into the network 
and utilized to improve the network's algorithm for further 
iterations. 

Some requirements are crucial to run the project and 
understand the convolutional layers and hyperparameters 
before running the model. The extraction of data related to this 
project is gathered via online resources. The data was extracted 
from [8] Kaggle, which contained a total of 14 different types 
of plant leaf disease with each containing 1000 plus data 
(images). 

In addition, a few published journals relevant to research and 
studies have been acquired for reference in the creation of the 
project from online repositories like Google scholar, science 
direct, and the relearn website. The references section is a list 
of journals and other internet sources that can be used in the 
future. 
 
4.2  Data Analysis Procedure 

 
Figure 4: Dataset of 6 diseases 

 
The dataset is analyzed to eliminate any irrelevant images, 

such as out-of-focus images and images with few 
characteristics of a certain disease. Hence in overall as shown 
in figure 4 only a total of 500 images are chosen for each 
disease for training the prediction model. The functional 
requirement to run this project is user input where the user is 
required to provide the location of the image or plant disease 
that they would like to detect and followed by the second 
requirement where the system must produce output consisting 
of the type of disease and the accuracy of that prediction and 
second closest prediction so that the user can ensure how 
accurate is the prediction of the model by comparing both most 
accurate and second closet. 
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5.  FINDINGS AND DISCUSSION 
Accuracy of the model is tested and visualized with 2 graphs 

(please refer to Figure 5 and Figure 6) which are training and 
validation accuracy and loss to identify if the learning of the 
model is consistent and see the accuracy of the model which is 
93.3%. 
 

 
Figure 5: Training and validation accuracy 

 

 
Figure 6: Training and validation loss 

 
We can see from the graphs above that as training accuracy 

improves, so does validation accuracy. In the same way, as the 
training loss decreases, so does the validation loss. By adjusting 
the learning rate, training on additional images, or just training 
the model for more epochs, we may improve the outcomes. 
Once satisfied with the models' graph and accuracy, the 
prediction phase can be tested to see if the model able to predict 
the disease and as can be seen in (figure 6) the model predicted 
the disease correctly with an accuracy of 99.83% as shown in 
figure 7 while the second closet prediction is tomato yellow leaf 
curl virus with an accuracy of 0.16%. 
 

 
Figure 7: Testing prediction 

 
6.  CONCLUSION 

To summarize, this project achieves research objectives to 
use deep learning for plant disease detection. The performance 

of classification with environmental sensing and picture 
processing aids the user in more accurately detecting plant 
illness. The system successfully detects the aimed 6 diseases 
with an accuracy of 93.3% which makes the project successful. 
Due to computing power only 6 diseases were able to be 
detected hence, for future research it is recommended to use 
higher computing power to predict more than just 6 disease 
types. This research is expected to help the farmers and 
plantsman with the early identification of leaf diseases to 
improve the quality and productivity of crops and plants. 
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Abstract — Plant leaves recognition is important as 
nowadays people want to explore diverse knowledge in 
biodiversity. In manual inspection, it requires botanical 
expertise which this is beyond the capability of nature 
enthusiasts. Automation of plant leaves recognition 
automation is a critical step in fields that work with plants. 
Hence, this study describes developing a system to 
recognize plants using leaf images. The work is achieved by 
using deep learning model i.e., convolutional neural 
network. A dataset that consists of three types of plant 
leaves have been created to test the system. The type of 
plant leaves in the dataset are lemon, mango, and noni 
leaves. From the experiment that have been done, the 
accuracy of recognition rate is high and give promising 
hope in smart forestry area.  
 
Keywords — plant leaves recognition; convolutional neural 
network; deep learning; automated, classification 
 
1. INTRODUCTION 

 
Biodiversity is essential for preserving the environment's 

aesthetic value, protecting the natural environment's integrity, 
and promoting the overall well-being of all plant and animal 
species. For future biodiversity protection, reliable information 
of plant identity and geographic distribution is critical [1]. 
General public people need to know how to recognize plant as 
this in to inculcate biodiversity conservation awareness.    
However, using traditional approach, experts’ judgement are 
needed in order to identify type of plants [1][2][3]. Botanists 
employ a variety of plant traits as identification keys, which are 
investigated sequentially and adaptively to identify different 
plant species [1]. Hence, automated plant species recognition 
systems have recently been created to assist ordinary people in 
identifying various species of plant.   

 There are many applications nowadays have been built for 
plant recognition for e.g., PlantNet, PlantSnap, LeafSnap and 
many more. They are conveniently can be used after so many 
years of research in plant recognition technology [4].  

There are also several common leaves dataset used by 
researchers to test the proposed algorithms. The common 
dataset includes Swedish Leaf, Flavia, Leafsnap, ICL, Oxford 
Flower 17, Jena Flower 30, Oxford Flower 102 and 
PlantCLEF16 [3].  

In plant recognition technology, there are a lot of methods 
that have been used by researchers. Researcher in [2] have used 
Generalized Relevance Learning Vector Quantization  

(GRLVQ) to recognize plant automatically. Weighted distance 
is used in GRLVQ where feature selection is done by 
determining relevance factor in GRLVQ. Another researcher in 
[5] have proposed to use seven leaf geometric features that 
includes aspect ratio, eccentricity, circularity, perimeter 
convexity, rectangularity, area convexity and form factor. Then 
they use Euclidean distance between input image and 
segmented image. The input image that has the least Euclidean 
distance will be chosen as the class of the plant. The recognition 
rate is quite high. However, the researcher mentioned that this 
approach can only be used for small dataset as this this 
approach is slow. Researcher in [6] have proposed to combine 
sparse representation with singular value decomposition for 
features used for classification of plant. Their method has 
reduced the dimensionality of image features. Then, sparse 
coefficients are used to recognize test samples. To reduce 
recognition time, they have used class-specific dictionary 
learning for classification.    

There are many applications of deep learning such as in 
mosquito larvae detection [7], medical image classification for 
disease diagnosis [8], conversational intelligence [9], bullying 
classification using twitter data [10] and many more. Research 
done by [4][11][12][13][14] have used deep learning model to 
recognize type of plant.  In [4], the deep learning model used 
consists of 26 layers from 8 residual building blocks for plant 
recognition in natural environment. They have used Beijing 
Forestry University dataset and have achieved 91.78% of 
recognition rate. A 26-layer deep learning model consisting of 
8 residual building blocks is designed for large- scale plant 
classification in natural environment. Researcher in [11] have 
enlarged the dataset used by doing data augmentation to 
improve the accuracy. There are also herbal leaves recognition 
done by [12], [13]. Herbal leaves recognition is important as 
the recognition focuses more on the usage and treatments due 
to commercial value. In their work, [12] have used 
convolutional neural network (CNN), while [13] have used 
VGG16-based deep learning model to recognize the herbal 
leaves. Data augmentation includes several transformation for 
e,g, horizontal reflection, rotations and contrast enhancement 
have helped creating invariance and prevent deep learning 
model from learning irrelevant features [11][12]. Researchers 
in [4][11][12], [13] [14] agreed that by using deep learning 
model, the recognition rate gave promising technology for 
smart forestry.  

Based on literature studies, a plant recognition system using 
deep learning model have been proposed. A deep learning 
model is used as it gives good recognition rate in recognizing 
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plant leaves. In this paper also, a dataset about lemon, mango 
and noni leaves is introduced. 

The rest of the paper is organized as follows: Section 2 
describe the methods used in this work. Section 3 discusses the 
results and discussion. Section 4 concludes the paper.    

 
2. METHOD 

 
This work is started by creating a dataset that consist of three 

types of leaves. Then the system for classification the type of 
images will be developed by using agile methodology approach 
as in Figure 1.  

A dataset has been created to test the algorithm. This dataset 
consists of lemon, mango, and noni leaves. All leaves were 
collected around the house. The way these images is captured 
is by positioned the camera on 90 degrees angle while the flash 
is on and lay all the leaves on a white sheet for a clean 
background. There are no pre-processing procedures applied on 
the images taken because the way of the images is being 
captured and environment is tried to be kept constant. Total 
number of leaves are 3030 where for each type of leaves are 
1010. 

 

 
Figure 1: Agile Methodology Approach 

 
Table 1: Number of images used for training and testing process. 

 
 
There are also images taken from Kaggle dataset [15]. This 

dataset consists of potato, bell pepper and tomato leaves images. 
Table 1 shows the number of images used for training and 
testing. Dataset 1 are images from Kaggle dataset[15] while 
Dataset 2 is named for our own dataset. 

Some of the examples of images of lemon, mango and noni 
leaves are shown in Figure 2, 3 and 4.  

     
Figure 2: Example of lemon leaves 
 

      
 
Figure 3: Example of mango leaves 
 

      
 
Figure 4: Example of noni leaves. 
 
In this work, image classification model using CNN is used 

to recognise and classify plants. CNN is an algorithm which can 
take in an input image, assign importance (learnable weights 
and biases) to various aspects or objects in the image and be 
able to differentiate one from the other. This algorithm helps to 
identify the image input based on the training and testing data. 
The model has 4 layers that includes 2 convolutional layers, 1 
dense layer and 1 output layer. Each of these layers has 64 
neurons except for the output layer which only has 3 neurons 
that representing each plant types. Figure 5 shows the flowchart 
of recognition process. 

 

 
 

Figure 5: Flowchart of recognition process 

Dataset   Type Training Testing Total 
Dataset 

1 
Potato, 

Bell 
Pepper 

and 
Tomato  

4200 1063 5263 

Dataset 
2 

Lemon 677 334 1010 

 Mango 681 329 1010 
 Noni 673 337 1010 
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The results of identification of type of leaves will be 
discussed in the next section.  

 
3. RESULTS AND DISCUSSION 

 
A system of recognition of types of plant is developed by 

using deep learning model. The system built is based on leaves.  
To measure the performance of the system, some 

performance measures have been used that are: 
 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =  𝑇𝑇𝑇𝑇 + 𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇 + 𝐹𝐹𝑇𝑇 + 𝑇𝑇𝑇𝑇 + 𝐹𝐹𝑇𝑇 

 
 

where TP – true positive, TN – true negative, FP – false positive 
and FN – false negative. Table 2 shows the results of 
recognition of type of plant for lemon, mango, and noni leaves.  
 
Table 2: Performance measure for recognition of type of plant 
 

Performance 
Measure 

Dataset 1 Dataset 2 

Accuracy 0.9849 0.998 
 
From Table 2, accuracy achieved for both datasets are very high. 
In Dataset 1, for bell pepper leaves, out of 494 leaves, there are 
only 1 leaf that are wrongly classified. While for potato leaves, 
out of 46 leaves, there are 6 leaves that are wrongly classified. 
Tomato leaves achieved the best recognition where out of 523 
leaves, only 1 leaf is wrongly classified. For Dataset 2, lemon 
and noni leaves achieved the best recognition where 100% are 
correctly classified. While for mango leaves, out of 329 leaves, 
only 2 are wrongly classified.  

Based on the results in Table 2, the system can recognize 
the leaves efficiently. In Dataset 1, the most wrongly classified 
is bell pepper and potato. This is due to similarity of shape 
between these two types of leaves. In Dataset 2, the result of 
accuracy of recognition rate is much better as the shape and size 
of leaves between all three types of leaves are different between 
each other.    

Figure 6 and 7 shows interface built in the system. Users can 
upload any picture of lemon, mango, or noni leaves. The system 
will recognize based on the model developed from training 
images.    

 
Figure 6: User can upload any image of lemon, mango, or 

noni leaves. 
 

 
Figure 7: Detection of mango leaves 

 
This paper is aimed at the development of an automated 

plant leaves recognition using deep learning model. Deep 
learning is used as a classifier to recognize type of plant. Deep 
learning is used in this work because from the literature studies, 
it was found that it can give high accuracy of recognition rate. 
However, based on [14], images captured in natural 
environment is much more challenging and still have lower 
recognition rate. The dataset that has been created in this work 
is in ideal environment which is in vertical and at 90 degrees 
position. Furthermore, the background of the images captured 
are also have been constant that is white background. This is 
one of the weaknesses of the dataset and can be improved by 
capturing images with various background and angle. More 
realistic photos with many leaves, a complex background, and 
images taken in diverse lighting conditions should be used in 
studies for real-life application [1].  

 
4. CONCLUSION 

 
The automated plant leaves recognition system can benefit 

to all levels of people. The system can be enhanced by adding 
some more modules such as detection of plant diseases and 
giving advice or information about plants using chatbot. By 
adding these modules, then diverse range of people from 
students to adults can use this system.  
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Abstract — Many people have mistaken that going on a diet 
or losing weight is about eating little to no food at all. This 
concept is wrong because it will only lead to other health 
problems such as gastric pain, headache, or even worse. The 
truth is, losing weight is related to a calorie deficit. A calorie 
deficit is involved in reducing the number of calories 
consumed relative to the number of calories required 
according to our body weight. However, the problem is, it 
is not easy to know how many calories are in each food by 
just observing using our naked eyes, until we conduct a 
scientific experiment. The project's motivation is to use 
Artificial Intelligence such as Neural Network and Image 
processing to help people doing estimation of calorie 
amount contained in the food they have, just only from the 
image captured using their handy smart phones. In the last 
few years, object classification and detection have gradually 
improved due to the advances in deep learning and 
convolutional neural network. Therefore, this project 
developed a module of intelligent food recognition with 
smart calorie calculation based on the calibration of thumb 
on the same image of the food. It will first recognize the food 
class using Convolutional Neural Network (CNN) and after 
that extract the information needed from the image using 
Image Processing techniques. Then, it calculates the 
estimated amount of calories using some mathematical 
formulas. The analysis from the experiments shows a 
promising result with 93% of accuracy for food recognition, 
as well as 86% accuracy for calories calibration. 
 
Keywords — Convolution Neural Network (CNN), fruit 
vegetable recognition, calories calibration. 
 
1. INTRODUCTION 
 A calorie is a unit of energy defined as the amount of heat 
needed to raise a quantity of water by one degree of temperature. 
Calories in foods provide us energy in the form of heat so that 
our body can function. When there is no control in calorie 
intake daily, it may lead to serious health issues such as obesity. 
 However, the problem is, it is not easy to know how many 
calories are in each food by just observing using our naked eyes. 
Thus, people will find it hard to what is the best portion for 
them. This project develops a module of intelligent food 
recognition with smart calorie calculation based on the 

calibration of thumb on the same image of the food. It somehow 
aims to help people to get the number of calories in common 
healthy fruits and vegetables they eat daily. 
 
2. LITERATURE REVIEW 

In the last few years, object classification and detection 
have gradually improved due to the advances in deep learning 
and convolutional neural network.  

Chintan D. [1] proposed a paper to develop a fruit detection 
and recognition system using a deep Convolutional Neural 
Network (CNN). The author proposed a system that uses a deep 
learning-based fruit image recognition algorithm to improve 
the accuracy of dietary assessment and analyze each of the 
network architectures. The details of the work also available 
online in [2].  

It concentrated on Machine Learning (ML) algorithms 
such as Random Forest and Support Vector Machine (SVM). 
The CNN model built by the author with Keras and Tensorflow 
has an accuracy of 97%. The final detection model is purely 
based on Tensorflow’s Object Detection API to detect multiple 
food items in each image and mathematical formulas and 
calculations involved in finding the calories of the food images. 

Sable V. M. [3] suggests a method of recognizing food 
using deep learning and an effective calorie estimation method 
using the thumb as calibration. The datasets used are FOODD 
[5=Yassine] and ECUSTFD which are in the form of images as 
depicted in Figure 1. He used Convolutional Neural Network 
(CNN) algorithm to train the model. 

 

 
Figure 1: Sample of FOODD dataset 

 
It proposes a method of calorie estimation by using the 

thumb as the calibration. The thumb must be included in the 
image to get the estimation of the food area. Once the area of 
the food is obtained, it will be used to obtain the volume of the 
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food by using volume formulas of cylinder and sphere. Then, 
by referring to the nutritional table, the calories are obtained by 
multiplying with the calories per 100g of the food type.  

Yanchao L. [4], proposed a solution to estimate calories in 
food using the Deep Learning method, Faster RCNN to detect 
food and the calibration object. The author also used the 
GrabCut algorithm to get the food’s contour to obtain the 
volume and calories of the food. For the project, the author used 
ECUST Food Dataset (ECUSTFD) as this dataset has already 
provided the user with volume and mass records for the food 
images. There are more details on food recognition and calories 
calibration can be found in previous studies [5-8]. 

 
3. METHODOLOGY 
3.1 Data Acquisition 
 Data that will be trained is in the form of images. There will 
be 7 types of foods used in this project which are Apple, Tomato, 
Cucumber, Banana, Carrot, Orange, and Onion. These images 
are obtained from the dataset called ‘FOODD’ which can be 
obtained from the internet [9]. 
 The data used for this model consists of seven files or 
classes of fruits. For each class of fruits, 1625 images are being 
used to train my model and another 696 images for validation 
purposes which makes a total of 2321 images for my model. It 
is ensured to use all images from every class to get better 
accuracy for the recognition phase.  
The number of images is set to 600 so that all images will be 
used. Then, this model is trained for 30 epochs. This is because 
the class with the highest number of images is tomato with 538. 
We increase the number of images of apple, onion, and tomato 
the most because these three fruits are quite similar in terms of 
shape, color, and texture. These three classes of fruits have the 
number of images of 435 (apple), 463 (Onion), and 538 
(tomato). Meanwhile, the number of images for other classes is 
245 (Banana), 180 (Carrot), 219 (Cucumber), and 235 (Orange). 
 
3.2 Image Processing 
 In this project, two situations involved recognition with 
image processing. The first situation is to detect the fruit and 
the second is to detect the thumb. The fruits are the first thing 
to be recognized so that the system can identify which class 
does the fruit belongs to. The thumb acts as a calibration so that 
the system can get the volume and calculate the calories. 
 
3.3 Recognition Method 
 For the recognition of the fruit, Convolutional Neural 
Network (CNN) is used with 5 convolutional layers. Fine-
tuning the model with the dataset took about 4 hours on a 
Windows 10 CPU with 4GB of memory. For the training of the 
model, we used 600 images of each class. This part of the work 
used Python 3.8.8 and Anaconda Distribution 4.9.2 [10]. 

 
 

3.4 Calories Estimation Method 
  The method of estimation is done by first getting the 
contour of the food and thumb in the image. We know that the 
average size of the thumb is 5.23 unit. Using this information, 

we can use the pixel to cm multiplier to get the estimated area 
of food. After that, we can categorize the shape of the fruit into 
two classes which are cylinder and sphere so that we can use 
the formula of volume to get the volume of the food. This 
volume obtained is then used to calculate the weight of the food 
and the calories of the food by referring to the number of the 
existing calories in the nutritional table. The nutritional table 
used in this study is obtained from the previous study [2].  
  
4. EXPERIMENTS 
4.1 Food and thumb extraction 
 The original image will be first converted into a grayscale 
image to give more cohesion to the overall look of the image. 
After the greyscale conversion, we applied image filtering to 
emphasize the features we need and remove unnecessary 
features. The image thresholding is applied so we can separate 
the foreground and background pixels before we mask the 
information we need from the image as depicted in Figure 2. 
 

 
Figure 2: Image processing part 1 (Contour of the plate, 

food, and finger) 
 

 Then, after the contour of the image can be extracted, we 
converted the image to HSV and then mask the items on the 
plate which are the thumb and the food. With that, we can 
extract the thumb and the food and leave the rest unimportant 
features behind. Once again, we convert to HSV image and 
mask only the fruit because we need to get the fruit first. When 
the food can be contoured, erosion is applied to remove non-
food items inside the image which are accidentally masked 
together. When erosion is applied, we can get only the fruit 
shape which is the final fruit image as depicted in Figure 3.  
 

 
Figure 3: Image processing part 2 (Contour of food only) 
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 Then, after the food is successfully extracted, the next thing 
we need from the image is the thumb or the finger. Using the 
image where we masked the thumb, we applied image 
thresholding to separate the fingers from the background. 
Finally, we applied a box filter on the finger which will weigh 
the needed pixels in a square as depicted in Figure 4. 
 

 
Figure 4: Image processing part 3 (Contour of thumb only) 

 
5.1 Calorie’s calculation 
  Since now, we have both food and finger detected from the 
original image, we can proceed to calorie calculation. We use 
the average size of a thumb as 5.23 cm. By using this 
information, we can calculate the pixel to cm by using the 
maximum pixel height. Then, the calories of the food of the 
food will be calculated. The next section will discuss the 
analysis and results produced from the experiments. 
 
5. ANALYSIS AND RESULT 
6.1 Recognition Analysis 

The testing process to measure the performance of the 
trained model is done by using 30 new data for each class to see 
how well it can recognize and class it into its respective class. 
The results are summarized in Table 1. 
 

Table 1: Confusion Matrix of the Food Recognition 

 
 Based on Table 1, we can see that only Apple, Banana, and 
Cucumber have all 30 data correctly recognized into their class. 
This might be because Apple has the most images in the dataset, 
thus it increases the recognition accuracy compared to the other 
classes as it has more training data.  
 For Banana and Cucumber, we can say that it might be 
because the color of their skin does not confuse the model. For 

example, Cucumber is the only class with green skin and 
Banana is the only class with yellow skin color. As for other 
classes which has few images wrongly classified is might be 
because of less training data and has similarities in terms of 
shapes and skin color. Then, the accuracy analysis is computed 
for the food recognition as depicted in Table 2.   
 

Table 2: Accuracy Analysis of Food Recognition 
Fruits/ 

Vegetables 
Ap
ple 

Ban
ana 

Carro
t 

Cuc
um
ber 

Oni
on 

Tomat
o 

Orang
e 

Total 
Esti-

mated 
Total Actual 
(Gold 
Standard) 

32 30 33 30 28 27 30 210 

True Positive 
(Correctly 
recognized) 

30 30 27 30 28 23 29 197 

False Positive 
(Incorrectly 
recognized) 

2 0 6 0 0 4 1 13 

Accuracy (%) 
= (TP + TN)/ 
(TP + TN + FP 
+ FN) 

93.8 100 81.8 100 100 85.2 96.7 93.8 

  
 Based on Table 2, the accuracy of the model is 93.8%. The 
accuracy can be further increased by increasing the number of 
images in the dataset and use images from various sources.  
 Also, the resolution of the camera plays an important role 
in determining the accuracy of the system. If a poor resolution 
is used, it will lead to the wrong classification too. Finally, 
some parameters adjusting can also be increased to get higher 
accuracy. 
 
6.2 Calories Calibration Analysis 
 Table 3 shows the summary of the calorie calibration 
analysis for each class of the food. The average accuracy for all 
the classes of fruit/vegetable is 86.0%.  
 Several factors affect the accuracy of calorie estimation. 
The first is the quality of the image used itself. This quality of 
the image is reduced because it is being compressed when 
sending the images to Telegram.  
 Also, the angle of how the image is captured plays an 
important role too. The chances of getting a larger calorie are 
high if the image is captured at a closer angle. If there is a 
shadow in the image, it will also affect the calorie estimation as 
it is not eroded fully.  
 Lastly is the color of the human’s skin. If the image captured 
contains shadow on half of the thumb, it will result in only half 
of the thumb act as the calibration. 
 
6. CONCLUSION 

This paper has presented both process and results of 
fruits/vegetable recognition and calories calibration using 
Convolution Neural Network (CNN). The result shows 93.8% 
average accuracy of the recognition, while 86.0% average 
accuracy of the calories calibration.  

The experiment of the recognition and calories calibration 
then been plugged into a Telegram bot which has been referred 
to in the previous study [11-12]. The implementation of the 
Telegram bot will be published in the next article soon. 
 
 

Actual/ 
Estimated 

App 
le 

Bana 
-na 

Ca- 
rrot 

Cucum 
-ber 

O- 
nion 

Toma 
-to 

Ora 
nge 

Total 
Actual 

Apple 30 0 0 0 0 0 0 30 

Banana 0 30 0 0 0 0 0 30 

Carrot 0 0 27 0 0 3 0 30 

Cucumber 0 0 0 30 0 0 0 30 

Onion 2 0 0 0 28 0 0 30 

Tomato 0 0 6 0 0 23 1 30 

Orange 0 0 0 0 0 1 29 30 

Total 
Estimated 32 30 33 30 28 27 30 210 
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Table 3: Summary of Calories Calibration Analysis 

Fruits Count Actual 
calories 

Average 
estimated 
calories 

Average 
accuracy 
from all 

test 
images 

Apple 30 53.96 49.31 86.8% 
Banana Type A 
(Home banana) 11 81 72.35 80.5% 

Banana Type C (Home 
banana Type II) 13 165 166.8 93.0% 

Banana Type B 
(Dataset) 6 170.88 157.18 89.4% 

Carrot Type A (Home 
carrot Type I) 11 49 45.79 83.6% 

Carrot Type B (Home 
carrot Type II) 19 83 78.07 87.9% 

Cucumber Type A 
(Dataset) 13 29.44 29.4 91.7% 

Cucumber Type B 
(Home cucumber 
Type I) 

17 11.8 9.15 77.5% 

Onion Type A 
(Dataset) 30 44.88 46.03 83.2% 

Orange Type A 
(Dataset) 30 47 47.02 86.7% 

Tomato Type A 
(Dataset) 30 17.46 15.33 78.6% 

MINIMUM 6 11.8 9.15 77.5% 

MAXIMUM 30 170.88 166.8 93.0% 

AVERAGE 18 73.6 70.11 86.0% 
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Abstract — The existence of new illicit Amphetamine-type 
stimulants (ATS) drugs causes drug analysis and 
identification as a challenging task. An efficient and fast 
detection method is required to overcome this issue. In this 
paper, a machine learning drug classification method is 
employed for performing the ATS drug identification.  Due 
to the massive cheminformatics data, the performance of 
the classification model might be degraded. Therefore, this 
paper proposed a binary variant of the WOA-BAT 
algorithm by applying a transfer function. A comparative 
study of the effect of nine transfer functions onto BWOA-
BAT algorithm performance: classification accuracy, 
fitness, number of selected features, and computational 
time is conducted. The best performer BWOA-BAT 
algorithm is then compared against the state-of-the-art 
algorithms: BWOA and BBA to validate its performance. 
The results reveal that our proposed BWOA-BAT 
algorithm is superior in all performance evaluation criteria. 
Our approach is suitable to be implemented as a 
dimensionality reduction technique on molecular 
descriptors in the cheminformatics domain to ensure only 
useful and relevant molecular descriptors are presented 
during the ATS drug classification process. The advantage 
is a good classification accuracy is achieved.   
 
Keywords — swarm intelligence; feature selection; drug 
classification 
 
1. INTRODUCTION 

United Nations Office on Drugs and Crime (UNODC) has 
recommended methods for identifying and analyzing ATS 
drugs [1]. Some of the downsides of existing analytical 
methods involve lengthy running time, complex testing 
processes, costly facilities with require well-trained skilled 
technicians, not update analytical methods (libraries), and 
inconsistent results from different test kits [2], [3]. More 
recently this issue has been recover by researchers in 
cheminformatics which offers a cheap and fast alternative using 
computational models [4], [5]. 

This paper used a machine learning classification model in 
differentiating between ATS drugs and non-ATS drugs using 
3D molecular descriptors. The high-dimensional 3D molecular 
descriptors cause a “curse of dimensionality” to the 
classification model [6]. Feature selection is an approach of 

selecting relevant features from high-dimensional data to 
improve classification performance. However, it is a complex 
and computationally demanding process, especially in large 
datasets. Swarm-intelligence algorithm has been proved as a 
technique that can solve NP-hard computational problems [7]. 
Therefore, this study employed a new swarm intelligence 
algorithm to optimize the feature selection process.  

WOA-BAT algorithm was proposed in 2019 by 
Mohammed et al. to accelerate the convergence speed in whale 
optimization algorithm (WOA) for finding the optimum 
solution [8]. The exploration ability of WOA is enhanced by 
the authors by adopting the Bat optimization algorithm. No 
known work seems to exist for implementing the WOA-BAT 
algorithm in the domain of feature selection. Therefore, the 
researchers of this paper introduced a binary variant of the 
WOA-BAT algorithm or BWOA-BAT for solving the feature 
selection issue.  

A transfer function is essential in the binary variants of 
metaheuristic algorithms. It has a substantial impact on the 
balance between the exploitation and exploration phases and 
also local optima avoidance [9]. Therefore, the authors of this 
research employed five S-shaped transfer functions [10], [11], 
and four V-shaped transfer functions [11] as the first attempt in 
the literature to produce a binary version of the WOA-BAT 
algorithm. Furthermore, the BWOA-BAT algorithm is used 
with the wrapper feature selection technique to select relevant 
molecular descriptors for ATS drug classification. The BWOA-
BAT algorithms are evaluated based on the four performance 
metrics. The generated results are used for the selection of the 
appropriate transfer function for the BWOA-BAT algorithm. 
The best performing BWOA-BAT algorithm is further 
compared with the state-of-the-art algorithms: BWOA and 
BBA for verification. 

The researchers organized the rest of this article as follows: 
The proposed algorithm and experimental setting are described 
in Section 2. Experimental results are presented and discussed 
in Section 3. Lastly, Section 4 defines the conclusion and future 
works. 
 
2. METHOD 
2.1 BWOA-BAT algorithm 

The researchers proposed a BWOA-BAT algorithm using a 
transfer function. The transfer function converts the original 
search agent’s position which is in continuous values to binary 
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values. It is to determine the solution for the feature selection 
problem where value 1 denotes the relevant feature while 0 
implies the not relevant feature. Table 1 presents a listing of 
transfer functions and their formulations implemented in this 
study. 

 
Table 1: Transfer functions. 

(a) S-shape transfer functions (b) V-shape transfer functions 
Name Formulation Name Formulation 

TF1 𝑆𝑆(𝑥𝑥) = 1
1 + 𝑒𝑒−𝑥𝑥 TF6 𝑉𝑉(𝑥𝑥) = |tanh(𝑥𝑥)| 

TF2 𝑆𝑆(𝑥𝑥) = 1
1 + 𝑒𝑒−2𝑥𝑥 TF7 𝑉𝑉(𝑥𝑥) = |erf (√𝜋𝜋

2 𝑥𝑥)| 

TF3 𝑆𝑆(𝑥𝑥) = 1
1 + 𝑒𝑒−10(𝑥𝑥−0.5) TF8 𝑉𝑉(𝑥𝑥) = | 𝑠𝑠

√1 + 𝑥𝑥2
| 

TF4 𝑆𝑆(𝑥𝑥) = 1
1 + 𝑒𝑒−𝑥𝑥 2⁄  TF9 𝑉𝑉(𝑥𝑥) = |2

𝜋𝜋 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝜋𝜋
2 𝑥𝑥)| 

TF5 𝑆𝑆(𝑥𝑥) = 1
1 + 𝑒𝑒−𝑥𝑥 3⁄    

 
The continuous value of the element in the feature subset is 

redefines using mathematical formulations in Table 1 to 
produce a probability value. Then the probability value is 
updated to binary value using Equation (1)  and Equation (2) 
for V-shaped transfer functions [12].  
 

𝑥𝑥𝑖𝑖
𝑑𝑑(𝑎𝑎 + 1) = { 1     𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟 < 𝑆𝑆 (𝑥𝑥𝑖𝑖

𝑑𝑑(𝑎𝑎 + 1))         
0     𝑜𝑜𝑎𝑎ℎ𝑒𝑒𝑎𝑎𝑒𝑒𝑖𝑖𝑠𝑠𝑒𝑒                                      

 (1) 

𝑥𝑥𝑖𝑖
𝑑𝑑(𝑎𝑎 + 1) = { ¬𝑥𝑥𝑖𝑖

𝑑𝑑(𝑎𝑎)    𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟 < 𝑉𝑉 (𝑥𝑥𝑖𝑖
𝑑𝑑(𝑎𝑎 + 1))            

𝑥𝑥𝑖𝑖
𝑑𝑑(𝑎𝑎)        𝑜𝑜𝑎𝑎ℎ𝑒𝑒𝑎𝑎𝑒𝑒𝑖𝑖𝑠𝑠𝑒𝑒                                        

 
(2) 

 
where 𝑥𝑥𝑖𝑖

𝑑𝑑(𝑎𝑎 + 1)  is the i-th element at dth dimension in X 
solution, 𝑆𝑆 (𝑥𝑥𝑖𝑖

𝑑𝑑(𝑎𝑎 + 1)) and 𝑉𝑉 (𝑥𝑥𝑖𝑖
𝑑𝑑(𝑎𝑎 + 1)) are the probability 

value, which can be obtained by the transfer function equation, 
and 𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟  is a random number with uniform distribution in 
(0,1). 
 
2.2 BWOA-BAT algorithm in wrapper feature selection 

This study proposed a BWOA-BAT algorithm to optimize 
the wrapper feature selection approach. The pseudo-code of the 
BWOA-BAT algorithm is presented in Figure 1. The k-Nearest 
Neighbour classifier with the Euclidean distance matric and k 
nearest neighbor value is set to 5 [13]  is used as the features 
evaluator. The fitness function in Equation 3 is designed to 
fulfill two objectives which are to increase classification 
accuracy and decrease the number of features where less 
feature implies a better solution [14]. The fitness value is 
determined from each search agent (solution) over iterations. 
The classification accuracy (𝐴𝐴𝑎𝑎𝑎𝑎𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝐴𝐴) obtained by k-NN is 
used to calculate the error rate (𝐸𝐸) used in the fitness function. 
If the relevant feature subset is selected, the better the 
classification accuracy and the lower the error rate.  The 
optimal feature subset is the one with the least fitness value.  

 
↓ 𝐹𝐹𝑖𝑖𝑎𝑎𝑎𝑎𝑒𝑒𝑠𝑠𝑠𝑠 =  𝛼𝛼 ∙ 𝐸𝐸 + 𝛽𝛽

|𝑆𝑆𝐹𝐹|
|𝐹𝐹|  (3) 

where  𝛼𝛼, and 𝛽𝛽  are constant parameters which manage the 
trade-off between classification accuracy and feature subset 
length respectively. 𝛼𝛼 ∈  (1, 0) , and 𝛽𝛽 = (1 − 𝛼𝛼) . The 
classification error rate is represented by
𝐸𝐸 = 1 − 𝐴𝐴𝑎𝑎𝑎𝑎𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝐴𝐴. |𝑆𝑆𝐹𝐹| is the selected feature size, and |𝐹𝐹| is 
the original feature size in the dataset. Since classification 
performance is our primary goal, 𝛼𝛼 is assigned to 0.99 [15] to 
be the most important metric.  
 
Randomly generate an initial population of whales Xi (i=1, 2, 3, n) 
Initialize fmin, fmax, 𝛼𝛼, 𝛾𝛾, rmax, A1max 
Initialize ri and  A1i at each Xi 
Initialize b 
Calculate and ecaluate fitness for each whale, f(X), X = (Xi, …, Xd) 
𝑋𝑋∗ = the best fit whale 
while t < tmax do   
Update a  % a is WOA parameter 
for each solution in population X do 
       Update A, p and l    % A, p and l are WOA parameters 
            if (p < 0.5) then  
                if (|A| < 1) then  

Generate new solutions by adjusting frequency, updating velocities and    
positions  

                     Convert the solutions to a binary space using Equation (1) or Equation (2) 
                     if (rand > ri) 
                         Select a solution among the best solutions. 
                         Generate a local solution around the best solution. 
                     end if 
                    Calculate the fitness of the new solution, f(Xnew) 
                    if (rand < A1i) && (f(Xnew) <= f(Xi) 
                        Accept the new solutions  
                        Increase ri and reduce A1i                     
                    end if 
               else if (|A|≥ 1) then  

  Select a random solution, 𝑋𝑋𝑟𝑟𝑟𝑟𝑟𝑟𝑑𝑑 
  Generate new solutions by adjusting frequency, updating velocities and   
  positions  

                       Convert the solutions to a binary space using Equation (1) or Equation (2) 
  if (rand > ri) 

                        Select a solution among the best solutions. 
                        Generate a local solution around the best solution. 
                    end if 
                    Calculate the fitness of the new solution, f(Xnew) 
                    if (rand < A1i) && (f(Xnew) <= f(Xi) 
                        Accept the new solutions  
                        Increase ri and reduce A1i                     
                    end if 
                end if 
            else (p ≥ 0.5)  
                   Update solution using WOA spiral updating position technique. 
                   Convert the solution to a binary space using Equation (1) or Equation (2) 
            end if 
end for 
Determine the fitness value of each solution 
Update 𝑋𝑋∗ if there is a better solution 
t = t + 1  
end while 
return 𝑋𝑋∗ 

Figure 1; Pseudo-code of BWOA-BAT algorithm. 

 
2.3 Experimental setup 

In this study, new 3D Exact Legendre Moment Invariants 
(3D-ELMI) molecular descriptors by Pratama in [16] are used 
to validate the proposed BWOA-BAT performance. It contains 
1 molecule id, 1185 feature attributes, 1 class attribute with 2 
class labels, and 7190 instances (3595 non-ATS drug 
compounds and 3595 ATS drug compounds). 5 independent 
runs (R) with different random seeds are performed to attain 
consistent and statistically meaningful results. In each run, the 
dataset is divided in stratified random sampling into two sets: 
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train set (80%) and (20%) for the test set. Parameter settings 
applied in the experiments are outlined in Table 2. Matlab 
R2019b is used to developed all algorithms. The software runs 
on the Windows 10 platform in the Intel Core i7-6700 machine, 
3.40 GHz CPU, and 16 GB of RAM.  

 
Table 2: Parameter settings. 

Parameter Value 
Problem dimension 1185 
Iteration length, T  70 
Search agent size, N  8 
�⃗�𝑎 in BWOA 2 to 0 
Maximum frequency, fmax in BBA 2 
Minimum frequency, fmin in BBA 0 
Maximum loudness, A in BBA 2 
Maximum pulse rate, r in BBA 1 
𝛼𝛼 and 𝛾𝛾 in BBA 0.9 

 
The experiments are performed in two stages. Firstly, the 

performance of the BWOA-BAT algorithm on different 
transfer functions is evaluated. Second, the performance 
comparison between the best-performing BWOA-BAT 
algorithm against the state-of-art WOA, BWOA-s, BWOA-v, 
and BBA algorithms is conducted. These algorithms 
performance are compared using the following metrics: 
 Average classification accuracy (AvgAcc) gain from 5 

runs. The classification accuracy using the selected 
features on the test set is considered. 

 The average number of selected features (AvgNf) attain 
from 5 runs.   

 Average best fitness (AvgF) obtain by each algorithm from 
5 runs. 

 Average computation time (in seconds) (AvgCT) requires 
by each algorithm to converge for the optimal solution 
from 5 runs. 

 
3. RESULTS AND DISCUSSION 

The findings are presented as follows: Table 3 reports the 
results from the first stage experiment while Table 4 and Figure 
2 refer to the results of the second stage experiment. The first 
stage experiment aims to choose the suitable transfer function 
for the BWOA-BAT algorithm. By observing results in Table 
3, it shows that the BWOA-BAT algorithm employing V-
shaped transfer functions has shown better performance 
compared to S-shaped transfer functions with the smaller 
number of selected features, lower fitness value, lesser 
computation time, and better classification accuracy which is 
not less than 80% accuracy. BWOA-BAT-TF9 is chosen as the 
best performer in the V-shaped family transfer function while 
BWOA-BAT-TF3 from S-shaped family-transfer function base 
on the high classification accuracy and low fitness value 
achieved by both algorithms. By comparing BWOA-BAT-TF9 
and BWOA-BAT-TF3, the more efficient algorithm is BWOA-
BAT-TF9 with the best result within all the performance 
metrics. BWOA-BAT-TF9 has a good capability to determine 
the most relevant features by attaining higher classification 
accuracy (80.82%) with a small number of features (35.60), 
better avoidance from local optima with the lowest fitness 

values (0.19018), and fast convergence with the minimal 
computational time (163.66 seconds) required.  

In the second stage of the experiment, the BWOA-BAT-
TF9 algorithm is compared with its performance with start-of-
the-art algorithms: BWOA [11], and BBA [17]   algorithms to 
validate its performance. According to the results in Table 4, 
the BWOA-BAT-TF9 outperformed the state-of-the-art 
algorithms by obtaining the best results in three out of four 
performance metrics. The outstanding performance of the 
BWOA-BAT-TF9 reveals through the good classification 
accuracy (80.82%), the lowest number of selected features 
(35.60), and fitness value (0.19018) that shows its potential in 
avoiding premature convergence and finding the most 
informative features in the feature space. As illustrated in 
Figure 2, BWOA-BAT-TF9 can alleviate the immature 
convergence and stagnation to local optima in BWOA. BWOA-
BAT has also shown better convergence than BBA although it 
requires longer computational time (163.66 seconds) in finding 
the optimal solution.  

 
Table 3: Results of first stage experiment. 

Transfer 
function AvgAcc (%) AvgNF AvgF AvgCT (s) 

TF1 78.75 591.80 0.21539 1515.97 
TF2 78.86 721.60 0.21538 1813.18 
TF3 80.22 402.80 0.19920 882.24 
TF4 78.54 616.20 0.21766 1561.31 
TF5 78.96 627.40 0.21362 1447.01 
TF6 80.06 34.00 0.19774 111.63 
TF7 80.39 34.60 0.19444 102.16 
TF8 80.19 37.20 0.19639 122.60 
TF9 80.82 35.60 0.19018 163.66 

 
Table 4: Results of second stage experiment. 

Algorithm AvgAcc AvgNF AvgF AvgCT 
k-NN 62.85 - - - 

BWOA 80.21 57.20 0.19642 60.32 
BBA 80.14 141.20 0.19781 149.51 

BWOA-BAT-TF9 80.82 35.60 0.19018 163.66 
 

 
Figure 2: Convergence curves. 

 
4. CONCLUSION 

The binary versions of the WOA-BAT algorithm (BWOA-
BAT) were studied and developed in this study. To the best of 
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our knowledge, this was the first attempt at applying the WOA-
BAT algorithm in the feature selection problem. The proposed 
algorithm was applied in the case study of ATS drug 
classification for selecting the relevant molecular descriptors 
for the classification model. A transfer function is applied to 
transform the WOA-BAT algorithm to the BWOA-BAT 
algorithm intentionally for the feature selection problems. 
Among the 9 tested transfer functions, TF9 is seen to have the 
highest classification accuracy, small selected features. lowest 
fitness, good and fastest convergence. Furthermore, the 
BWOA-BAT-TF9 algorithm is compared against the state-of-
the-art algorithms which were BWOA and BBA algorithms. By 
referring to the performance results, BWOA-BAT-F9 is ranked 
first from other metaheuristics algorithms. This has shown that 
the Bat algorithm was able to improve the exploration 
performance in WOA to converge to a global/near-optimal 
solution. After all the application of the feature selection 
technique in discovering the relevant molecular descriptors is a 
mandatory step in improving the ATS drug classification 
performance with an initial average accuracy of 62.85% by 
using all (1185) molecular descriptors to 80.82% average 
accuracy using only 35.60 average of relevant molecular 
descriptors selected by our proposed approach. As future work, 
a study of other machine learning classifiers within the fitness 
function is interesting to explore. Examining and analyzing the 
convergence capability of BWOA-BAT-TF9 algorithms by 
tuning the domain parameters and specific parameters of WOA 
and BAT. Lastly, employing other families of transfer functions 
such as quadratic and time-varying is also practical to work on. 
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Abstract — Learning style is an important factor to achieve 
the best of a student's ability, which has a significant 
influence on their learning process. By predicting the right 
learning style, one can be matched to the appropriate 
learning strategies so that the level of comprehension and 
metacognition is further improved. Besides, it is also 
beneficial to the teacher in planning suitable activities 
during class. Although the learning style can be identified 
through established inventory, however, the respondent 
burden may lead to inaccurate data. This study aimed to 
develop a graphology-based prediction model for assessing 
the primary students learning style. Graphology features 
from handwritten images were extracted and used to 
predict the writer’s learning style. 
 
Keywords — machine learning; graphology analysis; learning 
style 
 
1. INTRODUCTION 

One’s personality can be analysed based on combination of 
traits displayed by a person. Personality portrays the 
characteristics patterns of thoughts, behaviour, emotional 
outlay, self-esteem, anger, imagination, honesty, and other 
personality traits [1]. It becomes a powerful predictors used in 
various domains e.g. in education, human resources, product 
recommendation, health and wellbeing [2], [3]. The widely 
used personality assessment i.e. The Myers-Briggs Type 
Indicator (MBTI) [4] highlighted four dimension of personality: 
(i) Extraversion vs Introversion; (ii) Sensing vs Intuition; (iii)  
Thinking vs Feeling; and (iv) Judging vs Perceiving [3]. 

Handwriting is one of the unique traits that represents one’s 
personality.  Handwriting or graphology analysis is a scientific 
method of understanding and evaluating personality through 
strokes and patterns of one’s handwriting. It has been widely 
used as a valuation tool in psychology, medical diagnosis, 
recruitment, forensic etc. to reveal one's psychological and 
physiological signs[5], [6].  

In education domain, understanding a leaner’s learning style 
is crucial in order to maximize the learner’s perceiving and 
processing of information/knowledge [7]. A number of 
researches [7], [3], [8] have shown that personality traits are 
related to  learning styles. A well-known learning style model 
i.e. Felder-Silverman learning style model (FSLSM) [9] 

describes four dimensions of learning style: (i) active- 
reflective; (ii) sensing-intuitive; (iii) visual-verbal; and (iv) 
Sequential-global learners [9]. The FSLSM model inventory 
consists of  44 questions that focuses on how a respondent 
prefers to learn [10]. However, for a primary student, 
respondent burden becomes a major potential issue that might 
leads to a lower quality data, lower response rate, and lower 
completion rate. 

Even though the graphology analysis has been widely used 
for personality traits, the study on graphology-based prediction 
model for learning style assessment is however limited. 
Therefore, in this study we propose to use support vector 
machine (SVM) in predicting the learning styles of primary 
students based on their handwriting. We adopted the FSLSM 
model [9] but focuses only on one dimension i.e., active-
reflective learning style.  

 

 
Figure 1: Learning Style Prediction Framework 
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2. METHOD 
In this section, we first describe how we acquired the 

dataset, and then describe the computational method for 
extracting the personality traits from one’s handwriting. Figure 
1 shows our proposed learning style prediction framework. 

 
2.1 Dataset 

We conducted experiments on a real-world handwritten text 
sample. To collect the handwriting dataset, we followed the 
approach done by [11]. We recruited 100 primary students age 
ranges from 9-12 years old. We provided them with a short 
sentences in Malay & English language and asked them to 
rewrite/copy the sentences (refer Figure 2) on a blank sheet of 
A4 paper [11]. The dataset contains of 200 handwritten images 
from 100 writers. Table 1 shows the dataset statistics used in 
our experiments. 

Table 1: Dataset Statistics 

Element Attribute 

Writer 100 primary students 

Age ranges 9-12 years old 

Handwriting 200 scanned images 

Language Malay & English 
 

 
Figure 2: Sample Sentences for Handwriting Acquisition 

 
2.1 Prediction Model 

We extracted the feature indicative for personality traits by 
determining two characteristics from one’s handwriting: (i) 
letter size; and (ii) slant. We leveraged Morettian method [1] to 
analyse the handwriting. The size of letters portrays the self-
esteem and the way of the writer faces life [1], [12], [13]. Big 
size handwriting exhibit extroversion, superior, outgoing and 
overindulges; whereas small size writing exhibit introversion, 
reserve, seclusion and shyness [1], [12], [13]. The slant (angle 
of inclination, the direction of letter slope) represents the 
emotional control of a writer e.g., rightward slant or leftward 
slant. Table 2 illustrates the handwriting feature and the value 
set in our model.  

Table 2: Handwriting Feature and The Value. 

Feature Value 
Letter Size Small / Big 
Slant Rightward /Leftward 

 
Based on the features identified, we then train the support 

vector machine (SVM) algorithm based on radial basis function 
(RBF) kernel function [14], [15] to predict the writer’s learning 
style i.e., active, or reflective learning style. Assume that input 
points set {xi} ∈  Rd consist of two types of points. If the points 
xi belong to the first class, then yi = 1; else yi = -1. Assuming 
that training sample set D = {(x1, y1), (x2, y2), …, (xm,ym)}, yi ∈ 
{-1, +1}, the goal is to find a hyperplane that satisfies the 
separation of vectors into two non-overlapping classes.  

 
ωT x + b = 0, (1) 

 
where vector ω = (ω1; w2;…; ωd) determines the direction 

of the hyperplane; b is the distance between the hyperplane and 
the origin. The RBF kernel function optimize the SVM 
algorithm by transforming the data into a higher dimensional 
feature space to perform the linear separation: 

K (x, y) = e -y||x-y||2 (2) 
 
3. RESULTS AND DISCUSSIONS 

In this section, we show the sample results of our prediction 
model. Figure 3 and Figure 4 illustrates the testing samples for 
the prediction analysis. For predicting the learning style, our 
model based on 2 graphology features i.e., letter size, and slant. 
Big letter size portrays the characteristics of extraverted people 
who enjoy talking and socialize; while small letter size 
represents the personality of introverted people who prefer to 
work independently with their own thought and reserved. Here, 
it indicates that big letter size represents an active leaner; small 
letter size represents a reflective learner.  

On the other hand, handwriting inclined rightward portray 
an extrovert personality trait, which represents an active learner. 
In contrast, handwriting inclined leftward portray an introvert 
personality trait, which represents a reflective learner.  

Based on the extracted features, our model predicts the 
learning style for writer sample I, as a reflective learner (small 
letter size and slant leftward). Whereas learning style for the 
sample II is predicted as an active learner (big letter size and 
slant rightward).  

Overall, our proposed model presents a reasonable 
performance for predicting the learning style.  The prediction 
model yields 80% F-Measure as shown in Table 3. We also 
validate the prediction of our model by randomly verifying the 
learning style of the students with their class teachers. The class 
teachers were briefed with the characteristics of 
active/reflective learning styles. Then, they were asked to tag a 
label for the student’s learning style accordingly.  

The confusion matrix in Table 4 illustrates the ideas of how 
many instances for each class are classified correctly and vice 
versa. The result showed that about 77% instances were 
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predicted correctly for both classes. The performance due to 
bias behaviour over an imbalance dataset was expected. Note 
that we did not tackle issues of imbalance dataset in this study.  

 

 
Figure 3: Sample Handwriting I 

 

 
Figure 4: Sample Handwriting II 

 

Table 3: Classification Result 

Classification Accuracy Precision Recall F1-
score 

RBF-SVM 0.77 0.78 0.82 0.80 
 

Table 4: Confusion Matrix 

  Predicted 
 N=200 Active Reflective 

Actual Active 93 27 
Reflective 20 60 

 
 

4. CONCLUSION 
In this study, we proposed a graphology-based prediction 

model to assess the learning style of a primary student using a 

machine learning approach. Two graphology features have 
been used i.e., size of letter and slant to predict the writer’s 
learning style either active or reflective learner. This proposed 
model provides a great potential as a learning assessment tool 
in primary school. It can be leveraged to optimise the efficacy 
of individual’s learning style among primary school students. 

The future work can explore others personality traits such as 
sensing-intuition, thinking-feeling, and judging-perceiving. 
Besides, other handwriting features e.g., margin, word spacing, 
pressure etc. could be explored for further analysis on the 
prediction of learning style among primary school students.  
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ABSTRACT – Sign language is used by hearing and 
speech impaired and the language is different from one 
country to another. Malaysia uses Malaysian Sign 
Language (MSL). One of the ways of teaching Malaysia 
Sign Language that are not relying on conventional way 
is through Artificial Intelligence technique, that is Sign 
Language Recognizer (SLR). Current existing work on 
recognizer use either sophisticated sensors (e.g Ms 
Kinect) or expensive device (e.g sensory gloves) to 
recognize the sign language and interpreting them. A 
cheaper solution is needed to make the SLR more widely 
available to the interested learner. Furthermore, the SLR 
should address young and basic learners in the teaching 
process. The proposed solution, MySLRS able to 
recognize Malaysia’s sign language through webcam 
using Neural Network technique. The dataset used for the 
model is created especially for the Malaysian Sign 
Language. The recognizer for teaching and learning has 
an accuracy of 90% in recognizing the sign language. 
This system is developed for educational purposes with 
teaching and learning modules and a dedicated chatbot 
function. 
 
Keywords — Image Recognition, Neural Network, 
Malaysian Sign Language 
 
 
BACKGROUND 

Sign language is a combination of static and dynamic 
hand gestures that are used by hearing and speech 
impaired people [1][9]. Hearing impaired people is 
referring to deaf people where they have a disability that 
impair their hearing and make them unable to hear. While 
speech impaired people are referring to a person who 
have mute disability in which this impair their speaking 
ability and make them hard to speak. As such, people that 
have deaf-mute disability having hard time to 
communicate with normal people. The common method 
of communication for them is through sign language.  

Sign language is not a universal language. This 
means, the language is different from one country to 
another [2]. This is due to the difference of locals in a 
country communicate which each other. Even some 
countries have a same spoken language, this does not 
necessarily mean they have the same sign language. For 
example, for English speaking countries, there are three 
varieties of sign languages: American Sign Language 
(ASL), British Sign Language (BSL) and Australian Sign 
Language (Auslan). 

In Malaysia, the principal language used by deaf-
mute people is Malaysian Sign Language or Bahasa 
Isyarat Malaysia (BIM) [3][4]. This language is declared 

as the official sign language of Malaysia in 2008. There 
is not many Malaysia’s citizen that able to communicate 
in sign language. The deaf populations in this country are 
more than 40,000 people, and it is increasing by year. The 
needs to learn this language is arise when a family 
member is diagnosed with hearing or speech impaired 
disability. This is especially for parents and family 
members that have children/siblings with this disability. 
Current classes for learning sign language is provided in 
a conventional way, through books and classes that are 
organized by the experts in Sign Language. While these 
are the main methods, there should be other more 
convenient ways for leaners to learn Malaysia Sign 
Language. In addition, it is better if the ways of learning 
are not dependent on the experts as the numbers of 
experts are limited and its highly depend on a certain 
geographical area. Besides, the learning process should 
consider the age of the learners well.  

One of the ways of teaching Malaysia Sign Language 
that are not depend on conventional way is through 
Artificial Intelligence technique, that is Sign Language 
Recognizer (SLR). Through the recognizer, learner can 
learn and practice their hand movement for basics sign 
language. To date, there are some existing work in 
Malaysia on SLR [5][6][7][8][10]. Current existing work 
on recognizer use either sophisticated sensors (e.g Ms 
Kinect) or expensive device (e.g sensory gloves) to 
recognize the sign language and interpreting them. While 
these are good, a cheaper solution is needed to make the 
SLR more widely available to the interested learner. 
Furthermore, the SLR should address young learners in 
the teaching process as well. 

The proposed Malaysian Sign Language Recognizer 
System (MySLRS) is developed to teach Malaysia Sign 
Language to young learners, with a real-time recognizer. 
The recognizer in MySLRS uses images captured via 
web cam and the images will be processed using Neural 
Network technique. As the system focusing on static sign, 
there is no sensor needed in this system. The learners just 
need to install and use the system to teach (for teacher), 
and to learn (for student) using their PC/laptop and a 
webcam. The teaching process is conducted using a real-
time recognizer, and the learning process is done through 
videos and the test or assessment are through real-time 
recognizer. Besides that, MySLR also have provide a 
chatbot for learners to know more about Sign Language. 
Following sections will explain more on the design and 
development of MySLRS. 
 
MySLRS: FUNCTIONAL DESIGN 

The proposed Malaysian Sign Language Recognition 
System is targeted to young learner for learning 
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Malaysian Sign Language. This system includes full 
learning, tracking and evaluating their performance in the 
subject with a chatbot function to assist them. Each 
student will have their own login id and password to 
make sure their learning is kept in track. The system starts 
with a login page where they need to login to use the 
system and then there are two subtopics provided for 
them to learn which are Alphabet and Numbers. They can 
learn the sign languages from provided tutorial material 
and teachers can use the special teaching method which 
includes scanning teacher’s hand movements and 
recognizing it for students. At the end of each subtopic 
the students need to take a test that contains a set of 
questions which will show the students an alphabet or a 
number and the students need to show the correct 
Malaysian Sign Language for the recognizer to 
recognize. The answers will be written in a text file and 
saved for further reference. They can take the test 
multiple times with different sets of questions and their 
marks will be recorded. In addition, the students can also 
interact with the chatbot provided to know more about 
the sign language. The student required to logout the 
system each time when they finish using the system. 

 

 
Figure 1: MySLRS use-case diagram 

 
The system consists of two modules, Teacher Module and 
Student Module. Table 1 list all the functionalities of both 
modules. 
 
Table 1: Functionalities of MySLR 

Module 
Sub-

Module 
Name 

Description 

Teacher 

Number Teach sign language of numbers 
and alphabets using real-time 
recognizer. 

Alphabet 

View report View student’s test mark. 
Register  
 

Add new teacher and student. 

Reset 
Password 

Reset own password. 

Student 

Learn 
Alphabet 
& Numbers 

Learn sign language of numbers 
and alphabets using video. 

Alphabet & 
Number 
Test 

Take test of sign language of 
numbers and alphabets using 
recognizer. 

Chatbot Have an interactive 
conversation with a chatbot on 
sign language.  

 
 

1. INTELLIGENT MODULES IN MySLRS 

The two Artificial Intelligence elements of the system are 
the recognizer and the chatbot. The recognizer is used in 
Teaching and Test modules, while the chatbot is for the 
live chat with the students. The recognizer uses Neural 
Network technique, and the chatbot uses Natural 
Language Processing technique.  
 
 3.1 MySLRS Real-time Recognizer 

Figure 2 shows the design of the recognizer model. 
 

 
Figure 2: The design of Sign Language Recognizer 

Model 
 
The model was build based on 14,000 images of sign 
languages collected in a different light’s setting and done 
by different people. After collecting the dataset, a model 
train code was used to train the images into models. Each 
trained model will be evaluated to get the accuracy 
individually using predictor code. After the evaluation, 
the highest accuracy model is selected as the best model. 
The best accuracy model used in this system reach up to 
90% of accuracy.  The chosen model is implemented into 
the system and these models will be used in teaching 
module and test module.   
 

The teaching module is done real time by capturing 
the sign language demonstrated by the teacher using a 
web cam. The system will scan and detect the gesture, 
after that the system will output the correct result for each 
gesture. Example as in Figure 3.    

 

 
Figure 3: Real-time teaching  

 
Another module that uses the developed recognizer is 

Test module. In this module, the student can attempt the 
test in which the test consists of 6 questions for each 
numbers test and alphabet test. Students need to press “c” 
after finish answering each question and the result will 
pop up whether their answer for this question is correct 
or not. After taking the test, the test result will be stored 
inside the local storage for later retrieval purposes. The 
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purpose of doing the test is to let the students remember 
the gesture of each alphabet and numbers. The test 
interface is as Figure 4. 

 
Figure 4: Test attempt  

 
3.2 MySLRS Chatbot 

Figure 5 illustrates the design of the chatbot model. 

 
Figure 5: The design of Chatbot Model 

 
A chatbot can generate an automatic message to answer 
questions on a brief history of sign language and 
frequently-asked-questions about deaf people. First, the 
messages and templates are compiled in data collection 
phase. Next, Natural Language Processing (NLP) 
component is used to search for an appropriate output 
according to the question asked by the user. It uses Term's 
Frequency-Inverse Document Frequency (TFIDF) 
approach. TFIDF is intended to check how relevant a 
term is in each document. Each term asked by the user 
will be compared to each of the statements in the database 
by the frequency of the occurrence of the term. The 
highest occurrence will be selected for the answer. 
Dialogue Management will construct the dialogues and 
finally the message will be generated by the Message 
Generator.  
 
The chatbot is specially designed for students to 
understand the basic knowledge and history of sign 
language. The student can open the chatbot and chat with 
the chatbot once the login to the system. Then the chatbot 
will reply to the message instantly after the chatbot 
receives the input. The chatbot shows below Figure 6.  
 
2. CONCLUSION AND FUTURE WORK 

To summarize, MySLRS is at proof-of-concept stage. 
It is developed to teach alphabets and numbers of 
Malaysia sign language and the targeted roles are young 
learner and their teachers. MySLRS does not need special 
sensor or devices. The system can be used using 
PC/laptop and a webcam only, which make it easily 
accessible for people who wants to learn the sign 
language. The dataset used for the model is created 
especially for the Malaysian Sign Language, and the 

recognizer for teaching and learning has an accuracy of 
90% in recognizing the sign language. 

 

 
Figure 6: Chatbot  

 
There is still room for some improvements in the 

system. Firstly, in order to enhance the effectiveness of 
the recogniser lighting adjustment can be added inside 
the system where the user can adjust the lighting to make 
the recogniser works better. Secondly, the knowledge 
base for the Chatbot can be increased. Lastly, Dynamic 
Sign Language Recogniser can be implemented for 
future improvements. Dynamic Sign Language 
Recogniser means predicting the by capturing movement 
rather than static images. 
 

 
ACKNOWLEDGEMENT 

 The authors would like to thank the Fakulti 
Teknologi Maklumat dan Komunikasi (FTMK), 
Universiti Teknikal Malaysia Melaka. 
  
REFERENCES 

[1] Anderson, R., Wiryana, F., Ariesta, M. C., & 
Kusuma, G. P. (2017). Sign language 
recognition application systems for deaf-mute 
people: a review based on input-process-
output. Procedia computer science, 116, 441-
448. 

[2] Eberhard, David M.; Simons, Gary F.; Fennig, 
Charles D., eds. (2020), "Deaf sign language", 
Ethnologue: Languages of the World (23th 
ed.), SIL International, retrieved 2021-01-13 

[3] Hasuria Che Omar. (2009). Penterjemahan dan 
Bahasa Isyarat. Institut Terjemahan & Buku 
Malaysia. 

[4] Persekutuan Orang Pekak Malaysia (2014). 
Bahasa Isyarat Malaysia. Percetakan Info 
Meditasi Sdn Bhd. 

[5] Ahmed, M. A., Zaidan, B. B., Zaidan, A. A., 
Salih, M. M., & Lakulu, M. M. B. (2018). A 
review on systems-based sensory gloves for 
sign language recognition state of the art 
between 2007 and 2017. Sensors, 18(7), 2208. 



Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 1 Computational Intelligence -

37

Mohd Yusoh et al., 2021 
 

36 
 

[6] Majid, M. B. A., Zain, J. B. M., & Hermawan, 
A. (2015, October). Recognition of Malaysian 
sign language using skeleton data with neural 
network. In 2015 International Conference on 
Science in Information Technology (ICSITech) 
(pp. 231-236). IEEE. 

[7] Karbasi, M., Bhatti, Z., Nooralishahi, P., Shah, 
A., & Mazloomnezhad, S. M. R. (2015). Real-
time hands detection in depth image by using 
distance with Kinect camera. Int. J. Internet 
Things, 4(1A), 1-6. 

[8] Shukor, A. Z., Miskon, M. F., Jamaluddin, M. 
H., bin Ali, F., Asyraf, M. F., & bin Bahar, M. 
B. (2015). A new data glove approach for 
Malaysian sign language detection. Procedia 
Computer Science, 76, 60-67. 

[9] Mokhtar, S. A., & Anuar, S. M. S. (2015, 
January). Learning application for Malaysian 
sign language: content design, user interface 
and usability. In Proceedings of the 9th 
international conference on ubiquitous 
information management and communication 
(pp. 1-6). 

[10] Abana, E., Bulauitan, K. H., Vicente, R. K., 
Rafael, M., & Flores, J. B. (2018). Electronic 
glove: A teaching AID for the hearing 
impaired. International Journal of Electrical 
and Computer Engineering, 8(4), 2290. 

 
 
 



Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 1 Computational Intelligence -

38

Proceedings of the 3rd International Conference on Intelligent & Interactive Computing (IIC 2021), pp. 37-39, September 2021 
 

 

A Comparative Analysis of Emotion Detection with Deblurring Algorithms 
using MPRNet and DeblurGAN  

Muhammad Naim Syahmi Bin Roslan1, Nuzulha Khilwani bt Ibrahim1*, Norzihani bt Yusof1, Nur Alis Sophia Binti Suhaimi1, 
Abdul Samad Hasan Basari1,2, Mohd Hakimi Aiman3 

1 Fakulti Teknologi Maklumat dan Komunikasi, Universiti Teknikal Malaysia Melaka, 
Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia 

  2 Fakulti Teknologi Maklumat dan Komunikasi, Universiti Tun Hussein Onn Malaysia (UTHM), 
P.O. Box101, 86400 Parit Jawa, Batu Pahat, Johor Darul Takzim, Malaysia 

  3Kolej International Graduate Studies (KIGS) 
Blok Tengah, Kompleks Setia Kenangan, Lot 22088 Kiulap, Mukim Gadong BE1518, Negara Brunei Darussalam. 

 

*Corresponding e-mail: nuzulha@utem.edu.my 
 

Abstract — The project involves identifying which 
deblurring algorithm is the most optimal for the emotion 
detection task. This is because due to the vast amounts of 
available deblurring algorithms, it can be difficult to 
identify which algorithm works best for emotion detection 
purposes. The deblurring algorithms chosen for this project 
is the MPRNet and DeblurGANv2 algorithm. The Mini-
Xception algorithm is used to create the emotion detection 
model.  The deblurring models and the emotion detection 
model are trained on the GoPro Images Dataset and the 
FER2013 Emotion Classification dataset respectively. Once 
all the models are trained, the pre-trained version of the 
deblurring models created by the original researchers for 
the MPRNet and DeblurGANv2 models are acquired. Next, 
30 images are collected to act as testing set for the 
deblurring models. The 30 test images are artificially 
blurred at degrees greater than 15, with blur pixel length 
ranging from 10-20 px. The blurred images are then fed to 
the four deblurring models. (MPRNet Self-trained and 
Pretrained & DeblurGANv2 Self-trained and Pretrained). 
After the images have been deblurred, they are fed into the 
emotion detection model, and the results are recorded for 
further analysis. Next, the results from the emotion 
detection model on the deblurred outputs of each 4 
deblurring algorithms are then compared, analyzed, and 
ultimately form a meaningful conclusion. 
 
Keywords —computer vision; deblurring algorithms; emotion 
detection 
 
1. INTRODUCTION 
Computer vision has become an important part of the AI 
industry [1]. It involves recovering the details of an unknown 
true image from a blurry image [2] and removing blurring 
artifacts from images which commonly happens due to camera 
shake or another phenomenon. One of the applications for 
computer vision is emotion detection, usually of a person's face. 
An algorithm will be responsible for detecting, extracting, and 
evaluating the facial expression to recognize the human 
emotion in the image or video [3]. 
 

2. PROBLEM BACKGROUND 
For optimal results in emotion detection, the image needs to be 
clear and has no blurring effect. There are numerous algorithms 
for deblurring an image [4] such as ‘Fast Image Deconvolution 
Using Hyper-Laplacian Priors’ [5], ‘Robust Dual Motion 
Deblurring’ [6], MPRNet [7], and DeblurGANv2 [8]. There is 
also the ‘Multi-Stream Semantic Network’ [9] which has 
specifically been used in deblurring face images. With so many 
image deblurring methods and algorithms, it can be difficult to 
determine which methods work best to produce images with the 
most reduced blurring for emotion detection purposes. 
 
3. LITERATURE REVIEW 
 
Since emotion detection falls under computer vision. image 
quality is an important factor for proper detection. If an image 
is noisy or degraded, algorithms for emotion detection may not 
be able to fully detect and parse all the facial emotions in the 
image. For example, if the image is blurry, the face might be 
obscured, and the emotion cannot be recognized. Therefore, 
deblurring methods must be performed on the images for 
optimal results. However, the deblurring task is not a simple 
matter. Image deblurring’s main issue is that it is an ill-posed 
problem, meaning it may have more than one solution or the 
solutions depend incoherently on the initial data. Zaharescu, M., 
& Boiangiu, C. [10] defines blurring as the process of altering 
a region of a signal with weighted sums of neighboring regions 
of the same signal. The task of deblurring images can be 
divided into two types: blind and non-blind deblurring. In blind 
deblurring, the blurring operator is unknown, and methods for 
blind deblurring aim to recover the blurring operator. In non-
blind deblurring, the blurring operator is known, and it can be 
used to restore the blurry image to a cleaner, or original version. 
It may seem that nonblind deblurring methods are more 
efficient and simpler compared to blind methods. However, in 
most situations, the blurring operator’s impulse response filter, 
also known as the point, spread function (PSF), is usually not 
fully accurate. This may cause mismatches between the PSF 
used by the deblurring method, and the true blurring PSF and 
produces a poor deblurred output image [11]. 
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4. METHODOLOGY 
The proposed solution involves collecting 30 clear test images. 
Once the test images are gathered and prepared. Each of the test 
images is then artificially blurred using an image editor 
software. Once all 30 test images are blurred, the images are 
then fed into four separate models which are the pre-trained 
MPRNet and DeblurGANv2 model trained by the original 
researchers, and self-trained MPRNet and DeblurGANv2 
trained for the project. The outputs are a set of 30 images 
deblurred using the pre-trained MPRNet model, 30 images 
deblurred using the self-trained MPRNet model, 30 images 
deblurred using the pre-trained DeblurGANv2 model, and 30 
images deblurred using the self-trained DeblurGANv2 model. 
These images, combined with the 30 clear test images, and 30 
blurred test images, are then fed into the mini-Xception 
emotion detection model. The output and results for all images 
are then recorded for further analysis.  
 
5. EXPERIMENTS 
For the deblurring process, 30 images are collected to be used 
as test images for the deblurring models. These 30 images 
comprise group photos with each image containing more than 
two persons, a sample is shown in Figure 1.  
 

 
Figure 1: Sample of clear (left) and blurred image (right) 

 
After the 30 test images have been blurred, the images are 
deblurred using four independent models: the original 
researchers' pre-trained MPRNet and DeblurGANv2 models, as 
well as self-trained MPRNet and DeblurGANv2 models trained 
specifically for the project, a sample shown in Figure 2. 
 

 
Figure 2: Sample of four different deblurred outputs 

 
 

The deblurred outputs are then fed into the emotion detection 
model and their results are then recorded for further analysis, a 
sample shown in Figure 3. 
 

 
Figure 3: Sample output of the emotion detection model 

 
6. ANALYSIS AND RESULT 

Deblurring refers to the task of removing the blur filter or 
blur effect present within an image. PSNR, or Peak Signal to 
Noise Ratio, and SSIM, or Structural Index Similarity are both 
performance metrics and measuring tools commonly used for 
evaluating the performance of deblurring algorithms. PSNR is 
based on the mean squared error (MSE) formula whereby the 
PSNR approaches infinity, as the MSE approaches zero as 
discussed by Hore, A., & Ziou, D. [12].  

As a result, the higher the PSNR or SSIM, the higher the 
image quality. SSIM is often used for measuring the similarity 
between two images. SSIM is designed by simulating image 
distortions as a mathematical function that is a combination of 
the loss of correlation, luminance distortion, and contrast 
distortion. Table 1 and Table 2 demonstrate some of the results 
obtained from the analysis phase. 
 

Table 1: PSNR and SSIM values for each deblurring model 
Model PSNR SSIM 

DeblurGANv2 Pretrained (Previous) 29.55 0.934 
DeblurGANv2 Self-trained (Current) 25.31 0.771 

MPRNet Pretrained (Previous) 32.66 0.959 
MPRNet Self-trained (Current) 15.95 0.568 

 
7. CONCLUSION 
This paper has presented both process and results of performing 
emotion detection on images deblurred using MPRNet and 
DeblurGANv2. The finding from the study as demonstrated in 
Table 1 and Table 2 shows the current study obtain lower PSNR 
and SSIM values for both DeblurGANv2 and MPRNet 
algorithms. This is maybe due to machine capability limitation 
with maximum number of data used in the self-trained process.  
An article with the extended result will soon be published.  
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Table 2: Total emotions detected in each of the deblurring models 
Model Total 

Angry 
Total 

Disgust 
Total 
Fear 

Total 
Happy Total Sad Total 

Surprised 
Total 

Neutral 

Gold Standard 26 21 9 238 29 47 93 

DeblurGANv2 Pretrained 6 0 4 115 35 1 39 

Difference (Gold-model) 20 21 5 123 -6 46 54 

Accuracy (total detected/ gold) 23.1% 0.0% 44.4% 48.3% 120.7% 2.1% 41.9% 

DeblurGANv2 Self-trained 5 0 1 90 50 0 28 

Difference (Gold-model) 21 21 8 148 -21 47 65 

Accuracy (total detected/ gold) 19.2% 0.0% 11.1% 37.8% 172.4% 0.0% 30.1% 

MPRNet Pretrained 5 0 3 127 25 0 55 

Difference (Gold-model) 21 21 6 111 4 47 38 

Accuracy (total detected/ gold) 19.2% 0.0% 33.3% 53.4% 86.2% 0.0% 59.1% 

MPRNet Self-trained 13 0 0 18 7 0 22 

Difference (Gold-model) 13 21 9 220 22 47 71 

Accuracy (total detected/ gold) 50.0% 0.0% 0.0% 7.6% 24.1% 0.0% 23.7% 
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Classical Automatic Optical Inspection (AOI) is widely 
used in the semiconductor industry as a standard quality 
inspection tool. However, this inspection system that run on 
rule-based algorithm has problem with achieving minimum 
classification error, and therefore limiting the achievement 
of maximum detection Sensitivity and Specificity. To 
overcome the weakness, human was employed to assist in 
the event of uncertain failure detected, which results in low 
productivity and additional human induced quality 
problems. This paper demonstrates a solution to automate 
the human assist through the integration of an artificial 
intelligent (AI) solution with the classical AOI system. The 
AI solution is consist of three deep convolutions neural 
network (DCNN) model, specifically trained for object 
detection and classification on features that is usually 
difficult to be processed by the classical AOI system. The AI 
solution must be robust enough to take over the task of 
human assist with accuracy > 97% and has much shorter 
waiting time compared to human assist. Key elements to 
considered in designing the end-to-end solution are 
integration concept, AI solution workflow, model fitting, 
and key measurement criterials specifically for quality 
inspection will be discussed in this paper. The development 
process documented can be used as a reference for future 
AI use case with similar objective. 
 
Keywords — Computer Vision; Deep Learning; Quality 
Inspection  
 
1. INTRODUCTION 

Classical AOI is widely used in the semiconductor industry 
as a standard quality inspection tool. However, most systems 
are customized for specific application with limited scalability. 
This traditional approach also typically suffered from poor 
flexibility and always involved extensive manual feature 
engineering by domain experts [1]. Besides that, the system that 
run on rule-based algorithm has problem with achieving 
minimum classification error [2] and therefore limiting the 
achievement of maximum detection Sensitivity and Specificity. 

Introduction of first DCNN architecture has changed the 
way how image processing is done in computer vision 
technology. Krizhevsky in [3] suggested the application of 
Convolution Neural Network (CNN) for multi class image 
recognition over standard feedforward neural network, as CNN 
deliver better performance with much lesser connection and 
parameter, and so they are easier to train. Accuracy of CNNs in 
image classification has progressively improved over the years 
since 2012. 2015 Image Net Large Scale Visual Recognition 

Challenge (ILSVRC) result shows the 152 layers residual 
neural network (ResNet) successfully achieved 3.6% 
classification error, which below the 5% human error 
benchmark defined by ILSVRC [2]. 

With reference to the ILSVRC assessment criterial [4], 
dataset complexity prepared for the challenge has exceeded the 
complexity faced by the industry. With reference to the 
research published in [5][6][7][8], hence, DCNN that 
outperform the human classification error conceptually feasible 
to replace human in visual inspection.  

Key objective of this paper is to introduce an end-to-end 
solution to replace human assist by integrating AI with the 
classical AOI system for quality and productivity improvement. 
The solution is expected to deliver an overall accuracy > 97% 
which is better than human judgement and significantly 
improves the equipment mean time between assist (MTBA).  

The solution developed consist of one object detection 
model based on Faster RCNN [9] and two image classification 
model based on EfficientNetB0 [10][11], specifically trained to 
perform object detection and image classification on features 
which is difficult to process by classical AOI system. To 
shorten the model development timeline, transferred learning 
technique is applied in this case. Model performance is 
evaluated with learning curves [12][13] to ensure every models 
is well fitted based on the train and test dataset prepared. The 
final integrated solution was tested with live productive data 
and summarized in a confusion matrix. The solution achieved 
overall accuracy 93.32%. Beside this, others parameters that 
are critical to quality inspection, such as sensitivity, specificity 
and probability of escapee rate are also being measured in 
performance evaluation.  

The overall solution is meeting the original target and 
delivered significant productivity improvement. The 
development process documented can be used as reference for 
future AI use case with similar objective.  
 
2. METHOD 

Figure 1 shows the workflow of classical AOI system. The 
system stops for human assist whenever it fails to classify 
specific feature detected on the product under inspection, which 
results in equipment efficiency loss. There are 2 possible 
concepts identified to automate the human review process with 
classical AOI to AI integration. The online review and offline 
review. The advantages and disadvantages of two approaches 
were evaluated and summarized in Table 1. Offline Review 
approach was selected in this case with the consideration of 
lower integration complexity and ease for long-term AI model 
sustaining. 
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Table 1: Comparison of Online & Offline approach. 
Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
effort High Moderate 

 

 
 

Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Element Online Offline 

Impact to speed Yes No 
Integration complexity High Moderate 

AI model maintenance 
complexity High Low 

Setup cost & engineering 
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Figure 2 shows the identified AOI to AI integration concept. 
Based on the new concept, any images that fail to classify by 
the classical AOI system during the inspection process are 
automatically store in a designated storage, hence the 
inspection can continue without the need to stop for assist until 
a lot is completed. All the images in the storage will be loaded 
to AI server for inferencing and then the result will be uploaded 
to the original node of the AOI system to complete the loop. 
This enables significant MTBA improvement by reducing the 
human assist frequency.  

Figure 3 shows the AI solution workflow. Three AI models 
are employed to complete the image review and defect 
classification cycle. The process begins with image alignment, 
where the new origin coordinate (0,0) is being located with 
template matching method.  The aligned images then pass to 
the 2nd step for features extraction. 1st bond images are cropped 
with a pre-set coordinate map, and 2nd bond images are cropped 

with an object detection model trained with Detecto package 
[9]. Object detection model is chosen for 2nd bond object 
extraction due to high variation in 2nd bond position placement. 
With the consideration of semiconductor chip wire 
configuration complexity, to prevent potential defect escapee 
cause by object detection model, a pre-set coordinate map 
approach was chosen for 1st bond object extraction. This is an 
error-proofing approach to ensure all critical wire bonded area 
are inspected thoroughly. 1st and 2nd bond is identified as the 
key features in this case because the quality of interconnect at 
these points are most critical in wire bond process.  

 

 
 
Extracted features are passed into an image classification 

module. 2 image classification models based on EfficientNetB0 
are used in this step. Result from each of the image 
classification model are compiled into a final report. A logic 
with a user defined threshold value was implemented to control 
the segregation of Pass or Fail results in the final report. 
Identified defects are marked with a bounding box on the 
original image for future reference. Final classification results 
are feedback to the original node of the system as shown in 
Figure 2. Raw data generated from the entire inference process 
were feed into a centre database. The usage of the raw data can 
be further process to provide new insight for failure analysis 
and process improvement. 

  
3. RESULTS 

Figure 4 shows the learning curve of 1st and 2nd bond 
classification model after 50 Epochs. Both image classification 
models achieved accuracy > 98% in test and validation at the 
end of training. No indication of over fitting or under fitting 
[13]. Figure 4.1 shows the sample 1st and 2nd bond images 
classifiable by the AI model. 4 and 3 classification bins are set 
for 1st and 2nd bond classification model respectively. The class 
bins could easily expand by adding new labelled data into the 
train and test dataset.  
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Figure 5 shows the 2nd bond object detection model training 
loss against validation dataset by Epoch. The model achieves 
minimum loss 0.09 at the end of training after 30 Epochs. Based 
on the chart, validation loss value is still in decreasing trend, 
this indicates room for further improvement by training with 
more Epoch. However, due to GPU resource constraint, model 
training in this case is limited at 30 Epochs. Nevertheless, the 
model is capable to detect all the 2nd bond objects in the initial 
test. 

 
The final workflow of integrated AI solution is shown in 

Figure 6. The AI solution is deployed in a server, connected 
with a pool of classical AOI systems. The inference process 
takes approximately 1 second per image (including image 
uploading and data transfer), this translates into a capacity 

approximately 70,000 images per day, estimated based on 
80% equipment up time. Classical AOI system MBTA 
improved significantly, from average 15 minutes to above 60 
minutes as the equipment no longer stops for human assist as 
before. 

 

 
 

The solution has been tested with live productive images. 2 
AOI system equipped with 5 Mega Pixel and 9 Mega Pixel 
camera are identified for image collection. Total 10787 images 
from 9 different products with different wire configuration that 
fails to classified by the classical AOI system are collected. All 
the images are visually verified by the process expert and 
labelled Pass or Fail according to defect classes prior to solution 
testing, total 8472 Pass and 2315 Fail images are confirmed by 
the experts. Final test result was tabulated in a confusion matrix 
as shown in Figure 7.  

 
 

Test result shows that AI solution has achieved overall 
accuracy of 93.32%, with Sensitivity 99.91% and Specificity 
91.51%. Low Precision rate is mainly contributed by the Type 
I error. Since this is a quality inspection process, the model is 
intentionally tuned to achieve minimum Type II error in this 
case. Based on the result, the AI solution has a False Negative 
rate of 0.09%, this can be translated into 146 ppm potential 
defect escapee rate.  

Nevertheless, the Sensitivity rate can be further optimized 
by adjusting the threshold value. (threshold value use for 
system testing = 0.8). On the other hand, the 8.49% False 
Positive rate is still acceptable in this case, as the model 
demonstrated a performance that significantly better than the 
classical AOI system and human eye. The False Positive rate 
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training in this case is limited at 30 Epochs. Nevertheless, the 
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91.51%. Low Precision rate is mainly contributed by the Type 
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intentionally tuned to achieve minimum Type II error in this 
case. Based on the result, the AI solution has a False Negative 
rate of 0.09%, this can be translated into 146 ppm potential 
defect escapee rate.  
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demonstrated a performance that significantly better than the 
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Figure 5 shows the 2nd bond object detection model training 
loss against validation dataset by Epoch. The model achieves 
minimum loss 0.09 at the end of training after 30 Epochs. Based 
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this indicates room for further improvement by training with 
more Epoch. However, due to GPU resource constraint, model 
training in this case is limited at 30 Epochs. Nevertheless, the 
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before. 
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the images are visually verified by the process expert and 
labelled Pass or Fail according to defect classes prior to solution 
testing, total 8472 Pass and 2315 Fail images are confirmed by 
the experts. Final test result was tabulated in a confusion matrix 
as shown in Figure 7.  
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91.51%. Low Precision rate is mainly contributed by the Type 
I error. Since this is a quality inspection process, the model is 
intentionally tuned to achieve minimum Type II error in this 
case. Based on the result, the AI solution has a False Negative 
rate of 0.09%, this can be translated into 146 ppm potential 
defect escapee rate.  
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can be further improved through model training with updated 
training dataset.  
 
4. DISCUSSION 

As shown in Figure 3, 1st and 2nd bond image classification 
are performed by different classification model. This 
configuration offers more flexibility to scale the solution to 
other visual inspection platform with similar objective. The 
design also simplifies the effort in AI model sustaining and 
maintenance.  

On the other hand, the design of the solution is focusing on 
the 1st and 2nd bond area as planned, any existing of defects that 
is out of scope are not detectable in this solution. The solution 
may result unnecessary False Negative in the event of wrong 
defect classification by the classical AOI system. Therefore, 
standardization of defect class configuration at the classical 
AOI system is crucial to ensure consistent AI solution 
performance. However, current classification model can be 
further improved by enlarging the area of interested, or 
introducing an abnormally detection model for first filtering 
before image pass to next AI process step.  

The processing of 2nd bond object detection contributed 60% 
of total inferences time. This is mainly due to the image size 
feed to the object detection model for processing. The object 
detection speed is not the key factors to be considered in this 
case. However, the long cycle time may become a drawback if 
the solution use in online inspection process. Object detection 
performance can further optimize by reducing the image size to 
the level without losing the important features.  

The usage of new data generated can be further extend to 
provide new insight to the engineers for process improvement. 
Figure 8 shows an example of reconstructed 1st and 2nd bond 
position based on data generated by the AI model. Colour code 
in the chart indicates defect density on a selected product, this 
information help engineers identify root cause easily and react 
with a right corrective action. 
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Abstract — Nowadays, most countries around the world 
are facing complex and outdated facilities of Water 
Distribution System (WDS) which can easily get broken and 
hard to be monitored. Thus, the WDS structures are unable 
to perform operation decisions for water management 
carefully in conveying and allocating water supply to the 
point of usage. This paper proposes a logical consensus-
based control strategy for a WDS that permits continuous 
water supply in the presence of defective critical equipment 
within the WDS facilities. Convergence in the control 
system is achieved using the concept of cellular automata 
(CA). MATLAB simulation is performed based on the WDS 
leakage problem using a two-dimensional CA. As a result, 
the system is observed to converge after three-time steps. 
The suggested approach is easily scalable and applicable to 
any broad scale of WDS configurations. 
 
Keywords — convergence, logical control, consensus-based 
control 
 
1. INTRODUCTION 

For a consensus protocol application within a networked 
multi-agent system, the main objective is to achieve an 
agreement between all agents within the system through the 
exchange of local information via network [1]. This type of 
protocol has been used in various types of systems such as 
Unmanned Aerial Vehicles (UAVs) formation, intelligent 
transportations, multi-robot systems, and water distribution 
systems (WDS). To improve the control performance and 
stability of a networked control system using consensus control, 
various literature has discussed several types of consensus 
problems including the order of systems [2], communication 
topology [3], and communication delay [4]. 

The WDS has been modelled for various objectives, such 
as network design, cost analysis, fault assessment, uncertain 
parameter losses, supervisory, optimization, water quality, and 
smart metering for the implementation of control system 
protocol [5]. The WDS is also being considered as a multi-agent 
system [6]–[8]. Yet, the practicality of the proposed solution is 
questionable due to the system complexity, outdated facilities, 
and high capital investment for the implementation of the 
solution on the actual WDS facility. 

Early work in consensus for the WDS is presented by 
Fagiolini [6]. In the logical consensus algorithm, the value of a 
series of decisions is decided by several agents based on logical 

inputs [9]. The algorithm is an extension study on the 
integration of CA with finite-state iteration maps. A cellular 
automaton is a dynamic system utilizing a simple local 
interaction and computation but showing a complex global 
behaviour [10]. Several extensions of the studies of CA are 
discussed in [12] and [13]. The scope of logical consensus in 
the WDS was further discussed in [6] where, with the aid of 
Automated Meter Reading (AMR) sensors mounted on the 
pipelines, a distributed monitoring, and a reconfiguration 
system are presented to identify and isolate the fault in the WDS. 
The suggested framework is executed by dynamically 
reconfiguring opening and closing valves on the occurrence of 
backflow in a pipeline in real-time. However, the work done 
did not provide a general framework, but focused on the 
specific WDS configuration, making it difficult to be 
implemented on other types of WDS configurations. 

Cooperative consensus-based control for WDS is 
suggested in this study by introducing a generic framework 
consisting of simple logical consensus mathematical matrices, 
detection capability, and a decision-making approach. To 
provide an agreement between all agents in the system through 
sharing of local information, logical consensus-based control is 
considered. Besides, the two-dimensional (2-D) CA is 
considered to investigate the convergence time of the WDS. 
The proposed algorithm is specifically designed for a basic 
WDS configuration, making it relatively easy to be modified 
and scaled up for any arbitrary WDS configuration. 
 
2. RESEARCH METHODOLOGY 

CA is a dynamic model with discrete space and time. The 
important entities of CA are lattice, state, neighborhood, and 
transition function. A CA consists of a 4-tuple 𝒜𝒜 =
(ℒ, 𝒮𝒮,𝒩𝒩, 𝑓𝑓), where ℒ is represented as a lattice (cellular space) 
that is a discrete cells grid on ℝ𝑑𝑑, where d is the dimension of 
the lattice. 𝑐𝑐 ∈ ℒ  for every cell, c in the lattice which is 
described by its position. 𝒮𝒮 is a set of states that consists of all 
the possible states that each cell might hold at every time step. 
The cell state is denoted as 𝑠𝑠𝑡𝑡(𝑐𝑐) ∈ {1,0} . 𝒩𝒩  indicates the 
neighborhood that maps every cell and its neighbor into a 
neighborhood. 𝒩𝒩ℒ is the number of cells on the lattice and 𝑁𝑁ℛ 
is the node-set that contains the number of the agent. 

In this study, all the agents’ information is formulated using 
the CA model. To implement a consensus-based control 
algorithm for a WDS, a basic combined configuration is used. 
The configuration is represented by four water storage tanks, 



Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 1 Computational Intelligence -

46

Mohd Yusof et al., 2021 
 

46 
 

which is the minimum number of tanks to represent a combined 
configuration [12].  

 

 
Figure 1: a) Physical basic combined configuration of WDS b) The network 
communication topology 

 
Figure 2: Composition of input for each agent for 2-D CA 

 
Figure 3: Composition of input and output for each agent 

 
Figure 4: (a) Concept of transmission line in incidence matrix [13] (b) 
communication topology between four agents 

The four tanks are interconnected by pipelines between 
each other. The pipelines are represented by the dashed line as 
illustrated in Figure 1(a). The isolation valves are included in 
the layout, which is denoted as p, q, r, and s. In this study, the 
process variables include flow rate and water level. The 
manipulated variable is represented by the valve and the pump 
voltage is assumed to be constant. After the configuration is 
determined, a set of possible m events are constructed to signify 
the state of fault conditions, and the Ꝭ decision according to 
each event is defined. Each agent has a binary vector state, 

 
𝑋𝑋𝑖𝑖 = (𝑋𝑋𝑖𝑖,1, … , 𝑋𝑋𝑖𝑖,𝑚𝑚) (1) 
 

where the state logical inputs, 𝑋𝑋𝑖𝑖,𝑗𝑗 ∈ {1,0}, where i is the local 
agent, while j is the neighboring agent to the i agent. The 
composition of the input for each agent is depicted in Figure 2. 
All cells that contain the states of every agent are arranged 
according to sequential order regardless of their geographical 
locations. The 2-D data of every agent are arranged in the form 
of 2 × 2 matrix. Before planning for m events and Ꝭ decision, 
initially, each agent must acknowledge the input binary state 
that will lead to an output decision vector, 
 
𝑌𝑌𝑖𝑖 = (𝑦𝑦𝑖𝑖,1, … , 𝑦𝑦𝑖𝑖,Ꝭ) (2) 

 
To specify each event, the isolation threshold, fth is 

introduced and the status of the flowrate, fi,j is observed, where 
fi,j indicates the flow rate of water flow from i to j.   According 
to the layout in Figure 1(a), the events, m, and the decisions, Ꝭ 
are adopted with the fth value is set to 7 ℓ/s. This value can be 
varied depending on the user preference according to the type 
of hardware or WDS configuration.  

Referring to Figure 3, four events are constructed with four 
possible fault conditions that are developed based on the input 
capability throughout the WDS. Fault events are derived from 
the states of any abnormal detection on one or more sensor(s) 
in the WDS, in which the flowrate measurement falls behind 
the pre-defined threshold. For instance, event 3 indicates the 
occurrence of leakage or burst along the pipeline between N1 
and N3, which means the flowrate, f1,3 is less than 7, thus 
decision 3 is considered, where valve r needs to be closed to 
isolate the fault and reduce the water wastage. 

Due diversity of geographical locations that the agents 
might be, the generic agent i has the possibility of being able or 
not to see the input event, 𝑢𝑢𝑗𝑗. Therefore, a visibility matrix, 𝑉𝑉 ∈
 𝔹𝔹𝑛𝑛×𝑚𝑚  is systematically introduced according to the agents’ 
sequence, where n is the number of agents and m represents the 
chosen event. 𝑉𝑉(𝑖𝑖, 𝑗𝑗) = 1, if and only if the agent that is placed 
in a cell, 𝑐𝑐𝑖𝑖  can consent the input event, 𝑢𝑢𝑗𝑗 . In other words, 
agent i is said to have a direct reachable from the j-th input. 
Figure 4(b) shows that the input event, 𝑢𝑢𝑗𝑗 can only be seen by 
the N1.  

As a pair to visibility matrix, 𝑉𝑉 , later, to gain the 
reachability throughout the system, communication matrix, 
𝐶𝐶 ∈  𝔹𝔹𝑛𝑛×𝑛𝑛  is conveniently introduced based on the network 
topology in Figure 1(b). Each agent in the cell, 𝑐𝑐𝑗𝑗 can receive 
data from the agent, 𝑐𝑐𝑖𝑖  with input event, 𝑢𝑢𝑗𝑗 . Communication 
matrix, 𝐶𝐶 is developed using the vertex-edge incidence matrix, 
where the agents become the vertex on the column and the 
transmission lines connected to the vertex is the edge on the 
row as tabulated in Table 1. The transmission lines moving 
away from the j-th vertex will be ‘1’ as depicted in Figure 4(a). 

TABLE 1: COMMUNICATION MATRIX COMPOSITION. 

  vertex 
  𝟏𝟏 𝟐𝟐 𝟑𝟑 𝟒𝟒 

ed
ge

 1 0 1 0 0 
2 0 0 0 0 
3 1 1 0 0 



Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 1 Computational Intelligence -

47

Mohd Yusof et al., 2021 
 

47 
 

  vertex 
  𝟏𝟏 𝟐𝟐 𝟑𝟑 𝟒𝟒 

4 0 0 1 0 
 
To check for the consensus feasibility, the reachability 

matrix, 𝑅𝑅𝑗𝑗  is constructed based on 𝐶𝐶  and 𝑉𝑉𝑗𝑗  as follows. A 
detailed study of the consensus feasibility can be found in [14].  

 
𝑅𝑅𝑗𝑗 = [𝑉𝑉𝑗𝑗 𝐶𝐶𝑉𝑉𝑗𝑗 𝐶𝐶2𝑉𝑉𝑗𝑗 … 𝐶𝐶𝑛𝑛−1𝑉𝑉𝑗𝑗] (3) 

 
Theorem 2 A pair of 𝐶𝐶  and 𝑉𝑉𝑗𝑗  is considered as 
completely reachable if and only if the reachability matrix, 
𝑅𝑅𝑗𝑗(𝐶𝐶, 𝑉𝑉𝑗𝑗) spans for the entire graph. 

The sequence {𝐶𝐶𝑘𝑘𝑉𝑉𝑗𝑗}  for the k-steps, 𝑘𝑘 = 0, … , 𝑛𝑛 − 1 
meaning that all the agents have received the input value,  𝑢𝑢𝑗𝑗 
exactly after the 𝑘𝑘 − 1 step.  

 
𝐼𝐼𝑗𝑗 = ∑ 𝐶𝐶𝑘𝑘𝑉𝑉𝑗𝑗

𝑖𝑖=𝑘𝑘
𝑖𝑖=0  (4) 

 
𝑅𝑅𝑗𝑗 = [𝐼𝐼1 𝐼𝐼2 𝐼𝐼3 𝐼𝐼4] (5) 

 
The span of the graph indicates the input event, 𝑢𝑢𝑗𝑗 can be 

propagated throughout the node-set that contains the agents. 
The consensus is said to be feasible if, and only if the extend of 
𝑅𝑅𝑗𝑗(𝐶𝐶, 𝑉𝑉𝑗𝑗)  is the whole graph for the node-set, 𝑁𝑁ℛ = 𝑁𝑁  means 
that all elements on 𝐼𝐼𝑗𝑗 in the most right column is ‘1’.  

A simple 2-D CA consists of cells that use adjoining 
neighbors' information which is located on the left or right side 
and above or below of the targeted cell. The next state of each 
cell is computed at the same time and continued at every 
discrete time step. Each cell is indexed as, (𝑐𝑐𝑖𝑖)𝑖𝑖 ∈ {1,2, … , 𝒩𝒩ℒ} 
and the state of all cells in the lattice at time t is described as an 
integer, 𝐶𝐶𝑡𝑡. The transition function for the entire lattice is given 
by, 

 
(𝐼𝐼 − 𝑇𝑇)𝑠𝑠𝑑𝑑 = 𝐷𝐷 (6) 

 
where the 𝑠𝑠𝑑𝑑  is the desired convergent state and 𝐷𝐷  is the 
constant. The matrix T must be an upper-diagonal or lower-
diagonal matrix. Hence, the equation will form,  

 

[
1 0 0 0

−𝑥𝑥 1 0 0
−𝑤𝑤 0 1 0

0 −𝑤𝑤 −𝑥𝑥 1
] [

𝑐𝑐11,𝑡𝑡+𝑛𝑛
𝑐𝑐12,𝑡𝑡+𝑛𝑛
𝑐𝑐21,𝑡𝑡+𝑛𝑛
𝑐𝑐22,𝑡𝑡+𝑛𝑛

] = [
𝑑𝑑
𝑑𝑑
𝑑𝑑
𝑑𝑑

] (7) 

 
By solving these matrices, the simultaneous equation is 
obtained as, 

 
𝑐𝑐11,𝑡𝑡+𝑛𝑛 = 𝑑𝑑

−𝑥𝑥𝑐𝑐11,𝑡𝑡 + 𝑐𝑐12,𝑡𝑡+𝑛𝑛 = 𝑑𝑑
−𝑤𝑤𝑐𝑐11,𝑡𝑡 + 𝑐𝑐21,𝑡𝑡+𝑛𝑛 = 𝑑𝑑

−𝑤𝑤𝑐𝑐12,𝑡𝑡−𝑥𝑥𝑐𝑐21,𝑡𝑡 + 𝑐𝑐22,𝑡𝑡+𝑛𝑛 = 𝑑𝑑
 (8) 

 

For the 2-D CA, the value of 𝑑𝑑, 𝑥𝑥, and 𝑤𝑤 will be obtained 
once the convergence pattern is set as the desired convergent 
state, 𝑠𝑠𝑑𝑑. 
 
3. SIMULATION RESULTS 

The results for logical convergence are presented for a case 
study on MATLAB Simulink. The simulation is performed to 
validate the proposed algorithm on the basic combined layout 
of WDS. By referring to the layout in Figure 1(a),  event 3 is 
considered with the occurrence of leakage or burst along the 
pipeline between N1 and N3, which means the flowrate, f1,3 is 
less than 7, thus decision 3 is triggered and valve r need to be 
closed to isolate the fault and reduce the water wastage. In 
between the agents, there are valves, p, q, r, and s. The CA of 
the WDS, 𝒜𝒜 = (ℒ, 𝒮𝒮, 𝒩𝒩, 𝑓𝑓)  is considered with lattice ℒ =
{𝑐𝑐1, … , 𝑐𝑐𝒩𝒩ℒ } , where 𝒩𝒩ℒ = 4  is presented as the number of 
agents available in a WDS. Every cell, 𝑐𝑐𝑖𝑖 which represents an 
agent, can take a state value of binary in the set of state 𝒮𝒮 =
{0,1} ∈ 𝔹𝔹. Let the desired state, 𝑠𝑠𝑑𝑑 = 1010. The convergence 
is succeeded when 𝑠𝑠𝑇𝑇 = 𝑠𝑠𝑑𝑑 , where 𝑠𝑠𝑇𝑇  is the final state of all 
agents. Then, based on the 𝑠𝑠𝑑𝑑, 𝑑𝑑 = 1, 𝑤𝑤 = 0 and 𝑥𝑥 = −1. 

The pair matrices, 𝐶𝐶 and 𝑉𝑉𝑗𝑗 are given as 
 

𝐶𝐶 = [
0 1 1 0
1 0 1 0
1 1 0 1
0 0 1 0

] and 𝑉𝑉𝑗𝑗 = [
1
0
1
0

] (9) 

 
Based on equation (3), matrix 𝑅𝑅𝑗𝑗 is calculated as  
 

𝑅𝑅𝑗𝑗 = [
1 1 1 1
0 1 1 1
1 1 1 1
0 1 1 1

] (10) 

   
The 𝑅𝑅𝑗𝑗  described the spanning 𝐼𝐼4 = [1 1 1 1]𝑇𝑇 , thus, the 

consensus is feasible and iteration can be done. At each 
iteration, following (10), states of agent i are obtained as 
follows: 

 
𝑡𝑡 = 0;  𝑋𝑋1 = 𝑋𝑋2 = 𝑋𝑋3 = 𝑋𝑋4 = [0 0 0 0] 
𝑡𝑡 = 1;  𝑋𝑋1 = [1 0 0 0], 𝑋𝑋3 = [0 0 1 0], 𝑋𝑋2 = 𝑋𝑋4 = [0 0 0 0] 
𝑡𝑡 = 2;  𝑋𝑋1 = [1 0 1 1], 𝑋𝑋3 = [1 1 1 0], 𝑋𝑋2 = 𝑋𝑋4 = [1 1 1 1] 
𝑡𝑡 = 3;  𝑋𝑋1 = 𝑋𝑋2 = 𝑋𝑋3 = 𝑋𝑋4 = [1 0 1 0] 
 

The results are illustrated in Fig. 5 in the 2-D cells. The black 
highlighted indicate logic ‘1’ and vice versa.  

 
Figure 5: The convergence states for all agents using 2-D pattern 
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Figure 5 show that each cell represents the sensor state of 
every agent. Initially, at 𝑡𝑡 = 0 , 𝑋𝑋1 = 𝑋𝑋2 = 𝑋𝑋3 = 𝑋𝑋4 =
[0 0 0 0] indicating all valves are in the open condition to allow 
water to be transported throughout the system since no fault is 
detected. At 𝑡𝑡 = 1 , leakage events occurred in a pipeline 
between N1 and N3, the states of detected sensor turns to the 
value ‘1’ respectively. Then, at 𝑡𝑡 = 2 , all agents’ states are 
updated based on the transition function in (8) and the iteration 
is done until 𝑠𝑠𝑇𝑇 = 𝑠𝑠𝑑𝑑 . At the final iteration, 𝑡𝑡 = 3 , the 
convergence value is reached, where all of the agents achieved 
the consensus on the triggered sensors and come out with a 
global decision to close the valve r.  

Assuming that the spanning matrix holds for the entire 
graph, the information is disseminated to all agents to reach for 
consensus. With the same desired states, 𝑠𝑠𝑑𝑑 , the 2-D pattern 
converges in three cycles while the solution for the one-
dimensional (1-D) pattern as in [15], converged in four cycles. 
The faster convergence in the 2-D pattern is due to the 
information from two cells of the previous state compared to 
the 1-D, only one cell information is obtained. In addition, 
when the consensus is reached, all agents are capable to 
consider contingency planning and execute local decisions for 
every individual agent correspondingly. 

 
4. CONCLUSION 

This work was inspired by the flexibility and robust data 
formation of the CA. The results showed that convergence of 
2-D CA on the basic combined WDS occurred after three cycles. 
The communication matrix can be manipulated to find the 
optimum network topology for a specific system configuration 
based on the user or designer preference thus the fault impact 
can be minimized. This study is mainly giving the advantage in 
providing consensus among all agents with a simple and 
discrete iteration so that agents in the neighborhood can emerge 
for a contingency plan under fault condition. In the real 
application, the information of fault within the WDS can be 
effectively disseminated to all agents and valves can be 
controlled accordingly. The present method is versatile and 
scalable where the proposed algorithm can be easily extended 
and modified for any arbitrary configuration of WDS. 
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Abstract — Convolutional neural network needs a large 
number of datasets to train the model in order to obtain a 
better model. But, due to the lack of training samples, the 
performance of neural network model is significantly 
reduced. Research shows that the number of training 
samples directly affects the effect of model recognition. To 
make up for this deficiency, this paper proposes to use 
spatial transformation of data, such as rotation, flipping, 
scaling, clipping, color change, to generate larger data sets. 
The experimental results show that these methods can 
enlarge the original data set significantly. 
 
Keywords — Data enhancement; Convolutional neural           
network; Spatial transformation 
 
1. INTRODUCTION  

Since neural network based on deep learning model has 
obvious advantages in target feature extraction, it is widely 
used in the field of image processing, especially in image 
recognition[1]–[3]. However, in the process of experiments, it 
was found that when the training dataset is small, each unit in 
the neural network has to consider the position and 
classification characteristics of the objects in each sample, and 
this could cause the neural network model to become overfit or 
underfit. Therefore, the problem of insufficient samples has 
always been a drawback in deep learning research[4]. 

When training an efficient and accurate neural network, a 
large number of labeled datasets are usually needed. But in 
many cases, each category has only a small number of training 
samples. Due to the lack of samples or the serious deviation of 
sample quality, the performance of neural network is seriously 
degraded[5]. Research shows that the number of samples 
directly affects the outcome of model recognition. When there 
are few data samples, the trained model is prone to over fitting, 
which leads to the degradation of test performance. In general, 
a substantial dataset is required for training, and also the key to 
ensure good training outcome. Hinton et al.[6] first proposed 
deep learning, and used multilayer neural network structure to 
train sample dataset. Since deep learning[7] does not need to 
design features manually, it relies on large number of data 
samples, and gets object features through iterative training of 
neural network. Its feature model will then have stronger 
generalization ability and better recognition effect for objects.  
 
 
 

2. DATA ENHANCEMENT  
Data enhancement is a common method to expand data, w

hich can make up for the lack of data samples. At present, it m
ainly uses spatial transformation of data, such as rotation, flipp
ing, scaling, clipping or changing colors to generate larger dat
asets[8]. With the development of deep neural network, there a
re many methods to expand data by using other networks such
 as general adverse networks (GAN)[5], [9]. This paper will m
ainly discuss the spatial transformation method for data enhan
cement. 
 
2.1 Rotation 

Rotation of image is one of the most popular data 
enhancement methods. The main reason is due to different 
shooting angles or the motion of objects, the orientation of each 
part of the target may move, resulting in the deviation of 
rotation angle. Once the target is in the inclined position, 
additional interference will be introduced when marking, which 
will affect the training. For example, an image can be rotated 
by 1 or 2 degrees at a time to expand the dataset. Rotating an 
image is shown in Figure 1. 

 
                Figure 1: Rotating an image 
 

2.2 Flipping 
In image pre-processing, horizontal image flipping is one 

of the most common amplification methods. First of all, the 
code to realize horizontal image flipping is simple and easy to 
operate for images, which can directly double the number of 
sample datasets. In addition, horizontal flipping generally does 
not change the overall structure of the detected object, which 
can ensure the effectiveness of the generated new image 
samples. The effect of operating the image horizontally is 
shown in Figure 2.   
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                     Figure 2: Flipping an image 
 

2.3 Scaling 
The same object, due to the distance from the target is not 

the same, will lead to different sizes of the same object in 
different images. Therefore, in order to improve the detection 
accuracy of the target, it is necessary to scale the image, such 
as reducing the large-scale image. Scaling is usually performed 
to fix the short edge (or long edge) of the image to a certain 
value, and then enlarge or reduce the long edge (or short edge) 
according to a certain proportion. The main methods are as 
follows: 1) to enlarge images, that is, the final image size 
exceeds the original image; 2) to reduce the size of images, 
which is smaller than that of the original image. During scaling, 
we need to pay attention to the aspect ratio of the new image 
and the original image, as when it is not the same, it will cause 
image distortion, so we shall achieve equal scale. Scaling an 
image to reduce its length and width to 2/3 of the original is 
shown in Figure 3 (the resolution of the original image is 480 × 
350), and the size is 59kB; the reduced image resolution is 320 
× 232, and the size is 37kB). 

 

 
                      Figure 3: Scaling an image 
 

2.4 Clipping  
In real life, there are often such situations: one is that the 

target object is occluded by other objects; the other is that only 
a part of the target object may be photographed. The result of 
these situations is that the detected object cannot present a 
complete shape. In order to learn the incomplete target better, it 
is necessary to cut the complete target and expand the original 
training data set. It should be noted that in the process of 
clipping, if there are too few reserved parts in the generated new 
image, the training effect of neural network will become worse, 
and it is easy to form the problem of local repeated detection. 
Therefore, in the new image after clipping, the remaining part 
of the original object should be retained at least half, and it is 

recommended to retain more than 2/3, so as to ensure a good 
effect on the later model training. The effect of clipping an 
image is shown in Figure 4. 

 

 
                         Figure 4: Clipping an image 
 

2.5 Changing Colors  
In reality, we can see that many objects have different 

colors, such as people's hair color, black, brown and so on. 
Therefore, through the operation of color transformation, the 
color of the target in the image is changed, so as to effectively 
expand the sample set. The effect of an image color conversion 
operation is shown in Figure 5. 

 

 
            Figure 5: Changing colors of an image 
 
In order to observe the effect of different data enhancement 

methods, these data enhancement techniques are used to 
expand the training samples on the Kaggle dataset. Taking the 
Kaggle dataset as an example (a part of the data was used to 
observe the enhancement effect), the number of the enhanced 
dataset is shown in Table 1. 

 
Table 1: Increased number of enhancing 

Operation Increased Number 
of images 

Expansion 
factor 

original images 104,481 0 
rotating 1,985,139 19 
flipping 104,481 1 
scaling 417,924 4 
clipping 313,443 3 
changing color 940,329 9 
total 3,865,797 36 
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It can be seen from Table 1 that the number of original dat
a sets is increased from 104,481 to 3,865,797 after the data en
hancement of the five methods mentioned above, with a total e
xpansion of 36 times. Such a large number of images will play
 a very positive role in the training of Convolutional neural net
work. 

With the continuous development of data enhancement te
chnology[10], there are some new data enhancement direction
s are worthy of attention: 

(1) Data enhancement using the generation countermeasur
e network (GAN)[9]. Based on the huge data generation poten
tial and deep learning study of GAN, people can obtain a large
 number of high-quality image samples, which can greatly solv
e the problem of less training dataset. At the same time, the co
nsistency of data labels should be paid attention too. 

(2) The data is enhanced by mosaic of multiple images. R
andom image clipping and patching (RICAP)[11] can randoml
y clip different images, then patch them, and finally get a new 
image. This type of new image can greatly improve the diversi
ty of data samples because of mixing the labels of multiple im
ages. 

These two types of data enhancement technologies will be
 used in the follow-up research. 

 
3. CONCLUSION 

To address the problem with small sample dataset, this 
paper presents some data enhancement methods, such as 
rotating, flipping, scaling, clipping and changing color. In order 
to observe the effect of different data enhancement methods, 
these data enhancement techniques are used to expand the 
training samples on the Kaggle dataset. The results shows that 
it could greatly increase the number of data samples. In fact, the 
above methods can be mixed to get more samples, such as 
scaling + clipping, rotating + clipping, rotating + scaling + 
clipping. In our ongoing works, we will continue to expand the 
sample with new technologies.  
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Abstract - Efficient monitoring of cardiac patients can 
save tremendous amount of lives. Cardiac arrthymia 
classification has gained traction during the past few 
years. This study applies four different types of Neural 
Network to classify arrhythmia data according to its 
respective classes. They are Feedforward Network, 
Cascade Neural Network, Generalised Regression Neural 
Network, and Recurrent Neural Network. Two pre- 
processing steps which are data imputation and feature 
selection are run and the resulting dataset becomes the 
input for the four different Neural Networks. The 
experimental results demonstrate that Feedforward 
Neural Network model achieves accuracy of 85.78%, 
while Recurrent Neural Network model reports 70.34% 
accuracy, Cascade Neural Network is 82.73% accurate 
and Generalized Regression Neural Network scores 
59.91% accuracy. 

 
Key words – Arrhythmia; classification; Neural Network 

 
1. INTRODUCTION 

Arrhythmia is a type of cardiac heart disease, which 
occurs due to abnormality in rhythms of regular heart beats, 
causing the heart to either beat too fast or too slow lessening 
the performance of heart in pumping blood effectively. 
Various types of arrhythmias are diagnosed, of which some 
are life threatening and lead to immediate death [1]. 
Therefore, arrhythmia detection and classification are vital in 
monitoring of critical heart patients. 

At present, the problem of arrhythmia classification 
using ECG historical datasets has been widely studied. 
References [2][3] are the most recent literature review of 
arrhythmia detection using ECG signals. One of the most 
widely used methods to classify arrhythmia is the various 
types of Neural Network (NN). One of the good things about 
NN is that it is very flexible, is highly tolerant to noisy data, 
and is able to classify patterns that have yet to be trained.  

Various types of NN offer many ways for researchers to 
classify arrhythmia accordingly. However, each type has its 
own strengths and weaknesses [3]. Therefore, this study aims 
to compare four NN algorithms in arrhythmia classification. 
They are Feedforward Network (FNN), Cascade Neural 

Network (CNN), Generalised Regression Neural Network 
(GRNN), and Recurrent Neural Network (RNN).  

Arrhythmia datasets are usually high dimension in 
nature, which warrant dimensionality reduction – an 
important pre-processing step in data classification. This 
study applies a feature selection algorithm to find important 
Arrhythmia features before classifying them using the 
aforementioned four NN algorithms.  The following 
subsections consist of Section 2 describing related works, 
whilst Section 3 describe the methodology of this study. 
Section 4 presents classification results and analysis, and 
Section 5 concludes the paper. 

 
2. RELATED WORK 

Various classification systems have been proposed over 
the years for arrhythmia detection and prediction. Different 
types of NN attracted a lot of interests. Singh et al. [4] 
proposed GRU, RNN and LSTM models for the effective 
detection of arrhythmia from ECG signals that consisted of 
sixteen types of heartbeats divided into two groups of normal 
and arrhythmia heartbeats. All three models recorded 
accuracy above 80% with LSTM being the most accurate. 

Savalia et al. [5] developed two deep neural networks for 
detection of arrhythmia in ECG signal. They used multilayer 
perceptron (MLP) and convolution network for mapping 
ECG samples to different classes of cardiac arrhythmia. The 
two algorithms succeeded in detecting all their pre-
determined seven classes of arrhythmia. 

Sannino and De Pietro [6] proposed a novel deep learning 
approach for classifying arrhythmia data into four heart beats. 
They found the best classification performance by proposing 
a MLP composed of seven hidden layers with the ReLU 
activation function, and 5, 10, 30, 50, 30, 10 and 5 neurons in 
each layer, respectively. The output layer leverages Softmax 
activation function, and the cost function was the cross-
entropy. 

Bitarafan et al. [7] designed a LSTM Recurrent Networks 
to classify Arrhythmia using the MIT-BIH databases and 
Creighton university ventricular tachyarrhythmia. The 
performance of the proposed model on test samples is 
98.93%, 99.78%, and 99.58% respectively in terms of overall 
accuracy, sensitivity, and specificity. Their model also 
showed the superiority of their proposed method on 
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arrhythmia detection in comparison with the recent methods 
proposed for this problem. 

 
3. MATERIALS AND METHODOLOGY 

3.1 Datasets used 
This study is conducted to classify of cardiac 

arrhythmias based on ECG recordings. The dataset used is 
taken from the UCI machine learning repository. Data is 
comprised of 452 records with a count of 279 features for 
each given record and consists of 16 different arrhythmia 
classes. However, this study used only 6 classes, which 
number of instances are not much different. Table 1 
summarizes the classes along with their occurrences in the 
dataset used by this study. 

 
Table 1: Arrhythmia classes 

Class  
ID 

Class Number of 
records 

Frequency 
% 

1 Coronary Artery 
Disease 

44 9.7 

2 Old Anterior 
Myocardial Infarction 

15 3.3 

3 Old Inferior 
Myocardial Infarction 

15 3.3 

4 Sinus Tachycardia 13 2.9 
5 Sinus Bradycardia 25 5.5 

     6 Right Bundle Branch 
Block 

50 11.1 

 

3.2 Proposed Methodology 
 

RAW DATA

DATA CLEANING
imputes missing values

FEATURE SELECTION
select important features

CLASSIFICATION OF ARRYTHMIA

FNN classifier

RNN classifier 

GRNN classifier

CNN classifier

EVALUATION
Compute and compare accuracies

TRAINING
Train using FeedForward NN, 
Recurrent NN, Generalized 

Regression NN,                               
Cascade NN

TESTING

Test the classifiers

 
Figure 1: Proposed methodology 

3.3 Data Cleaning 
In the arrhythmia dataset, there are missing values. It 

is important to treat the missing values and cleaning the data 
as if it will reduce the accuracy and lead to the faulty 
prediction and give the wrong result. Subsequently, there is 
two-step after detecting the missing values which are 
imputation and removing the missing value. This study 
imputed the missing values using the mean method. It is a 
simple technical analysis function that smooth the data by 
updating the average of the values for each feature that have a 
missing value. 

3.4 Feature Selection 
The dataset consists of many features and only a small 

subset of these features is significant in predicting the 
disease. Dimensionality reduction is considered as a well-
recognized pre-processing step in data mining, modelling, 
visualization, and data analysis [8]. One of the easiest 
solutions to reduce dimensions is feature selection where 
important features that contribute in solving the problem are 
selected whereas, irrelevant feature are filtered out. 

The dataset has two data types, which are nominal and 
linear. Nominal represent to the categorical values and linear 
represents the continuous values in the dataset. In this study, 
Kruskal-Wallis and Chi-square methods are implemented to 
see the correlation relationship between two features because 
they are suitable for categorical and continuous values. These 
two methods evaluate the strength of a relationship between 
two variables by using p-value. For this method, the two 
features will be compared. If the p-value of the feature which 
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3.3 Data Cleaning 
In the arrhythmia dataset, there are missing values. It 

is important to treat the missing values and cleaning the data 
as if it will reduce the accuracy and lead to the faulty 
prediction and give the wrong result. Subsequently, there is 
two-step after detecting the missing values which are 
imputation and removing the missing value. This study 
imputed the missing values using the mean method. It is a 
simple technical analysis function that smooth the data by 
updating the average of the values for each feature that have a 
missing value. 

3.4 Feature Selection 
The dataset consists of many features and only a small 

subset of these features is significant in predicting the 
disease. Dimensionality reduction is considered as a well-
recognized pre-processing step in data mining, modelling, 
visualization, and data analysis [8]. One of the easiest 
solutions to reduce dimensions is feature selection where 
important features that contribute in solving the problem are 
selected whereas, irrelevant feature are filtered out. 

The dataset has two data types, which are nominal and 
linear. Nominal represent to the categorical values and linear 
represents the continuous values in the dataset. In this study, 
Kruskal-Wallis and Chi-square methods are implemented to 
see the correlation relationship between two features because 
they are suitable for categorical and continuous values. These 
two methods evaluate the strength of a relationship between 
two variables by using p-value. For this method, the two 
features will be compared. If the p-value of the feature which 
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arrhythmia detection in comparison with the recent methods 
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is the categorical or the continuous features are more than 
0.05, then those selected features will be removed. This is 
because the feature that have p-value more than 0.05 will be 
assume as not relevant feature and does not affect 
significantly the dependent variable. 

The outcome of this phase is a reduced dataset with 181 
significant features only. These 181 features become the 
input to the four NNS applied in this study. 

3.5 Classification of Arrhythmia 
This study applies four types of NN to classify the 

different types of arrhythmia. They are FNN, RNN, CNN, 
and GRNN. The cleaned and dimensionally reduced dataset 
becomes the input for all four of NNs. 

3.5.1 Feedforward Neural Network  
FNN allows information to flow only in the forward 

direction, from the input nodes, through the hidden layers, 
and to the output nodes. There are no cycles or loops in the 
network. This type of NN has a simplest architecture. FNN 
mainly used for supervised learning, thus useful for 
classification of cardiac arrhythmia. 

3.5.2 Generalized Regression Neural Network  
The characteristic of GRNN is that it has one pass 

learning neural network which in the hidden layer it will use 
Gaussian activation function. This model may produce a 
good result with the Gaussian activation function. This 
algorithm also can handle a noise in the input data which 
suitable with this case as cardiac arrhythmias have a complex 
dataset. The architecture of the GRNN consist of input layer, 
hidden layer, summation layer and output layer. This 
algorithm also only needs less data for processing. This 
algorithm can also be used for nonparametric regression, 
prediction and classification. 

 

3.5.3 Recurrent Neural Network  
RNN is a type of NN where the output from previous 

layer is fed as input to the current layer. In traditional neural 
networks, all the inputs and outputs are independent of each 
other, but in cases like when it is required to predict the next 
word of a sentence, the previous words are required and 
hence there is a need to remember the previous words. 
Thus, RNN came into existence, which solved this issue 
with the help of a hidden Layer. The main and most 
important feature of RNN is Hidden state, which remembers 
some information about a sequence. RNN have 
a “memory” which remembers all information about what 
has been calculated. It uses the same parameters for each 
input as it performs the same task on all the inputs or hidden 
layers to produce the output. This reduces the complexity of 
parameters, unlike other neural networks. 

3.5.4 Cascade Neural Network 
CNN is a class of neural network which is similar to feed-

forward networks, but include a connection from the input 
and every previous layer to following layers. In a network 
which has three layers, the output layer is also connected 
directly with the input layer beside with hidden layer. The 
advantage of this method is that it accommodates the 
nonlinear relationship between input and output by not 
eliminating the linear relationship between the two. CNN can 
be used for any kind of input to output mapping and learns 
rapidly because each of its neurons is independently trained 
and this method may produce a good result for cardiac 
arrhythmias dataset.  

3.5.5 Software Used 
MATLAB version 9.7, release R2019b was used to 

impute missing values found in the experimented dataset 
using the mean function, used the kruskalwallis and chi2 
functions to select significant features, and used functions 
such as patternet (represent FN), layrecnet (represent RNN), 
cascadeforwardnet (represent CNN) and newgrnn (represent 
GRNN) to train and test all the four experimented NNs on the 
cleaned and reduced dataset, and to produce the accuracy of 
each NN. 

 
4. RESULTS AND DISCUSSION 

The performance of all models is evaluated using the 
classification accuracy which is shown as Equation (1), 

                            (1) 
where, is the number of correctly classified instances and 

 is the total number of instances. The accuracy is the 
average of 5-fold cross validation accuracies. 
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is the categorical or the continuous features are more than 
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Figure 3: Accuracy of four NNs after imputation and 

feature selection 
 

 
Figure 2 shows the results of the 4 models applied on 

arrhythmia dataset containing missing values and all features. 
Meanwhile, Figure 3 shows the results of the 4 models 
applied on imputed and reduced features of the arrhythmia 
dataset. It is observed that by imputing and eliminating some 
weak correlation features has improved the performance of 
all the four models in classifying arrhythmia accordingly. 
FNN benefited the most from these two pre-processing step, 
whilst RNN and GRNN increased almost similarly in 
performance, and CNN increased the least. 

It is seen that CNN is the most robust of the four NNs 
where it recorded the highest accuracy before imputing and 
feature selection took place, and is the second highest after 
the two pre processing steps were run. CNN three layers 
architecture accommodates the nonlinear relationship 
between input and output by not eliminating the linear 
relationship between the two might contribute to its 
robustness [9]. GRNN remains the least accurate before and 
after the two processing steps were run. Arrhythmia. Despite 
the reduced features, the number of features as input is still 
high, which according to [10], GRNN this method is not a 
choice for problems with a substantial number of predictor 
variables. In addition, GRNN models can be large due to 
having one neuron for each training row. 

 
5. CONCLUSION 

This study applied four different NNs to classify 
Arrhythmia data according to its respective classes. Based on 
the obtained results, FNN becomes the most accurate after the 
two pre-processing steps take place. However, CNN is the 
most robust model for the specified arrhythmia diagnosis 
task. Our further work of research will introduce some more 

hidden layers (deep learning) for ECG arrhythmia 
classification 

. 
6. ACKNOWLEDGEMENT 
This work is supported by the research grant 
PJP/2020/FTMK/PP/S01772 which is granted by Universiti 
Teknikal Malaysia Melaka. 

 
7. REFERENCE 
[1] Yayasan Jantung Malaysia. (n.d.). Arrhythmias and 
Sudden Cardiac Death. Retrieved from 
http://www.yjm.org.my/index.cfm?&menuid=34. 
[2] B. Bhirud, and V. K. Pachghare, “Arrhythmia detection 
using ECG signal: a survey,” International Conference on 
Computational Science and Applications, Springer, 
Singapore, 2020, pp. 329–341. 
[3] Ebrahimi, Z., Loni, M., Daneshtalab, M., & Gharehbaghi, 
A. (2020). A review on deep learning methods for ECG 
arrhythmia classification. Expert Systems with Applications: 
X, 7, 100033 
[4] Singh, S. , Pandey, S. K. , Pawar, U. , & Janghel, R. R. 
(2018). Classification of ECG arrhythmia using recurrent 
neural networks. Procedia Computer Science, 132 , 1290–
1297. 
[5] S. Savalia, V. Emamian, Cardiac Arrhythmia 
Classification by Multi-Layer Perceptron and Convolution 
Neural Networks, Bioengineering (Basel,Switzerland), 5 (2) 
(2018).  
[6] Sannino, G. , & De Pietro, G. (2018). A deep learning 
approach for ECG-based heart-beat classification for 
arrhythmia detection. Future Generation Computer Systems, 
86 , 446-455. 
[7] Bitarafan A, Amini A, Baghshah MS, Khodajou-Chokami 
H. A Hybrid Deep Model for Automatic Arrhythmia 
Classification Based on LSTM Recurrent Networks. In 2020 
IEEE International Symposium on Medical Measurements 
and Applications (MeMeA). IEEE, 2020; 1–6  
[8] Khalid, Samina, Tehmina Khalil, and Shamila Nasreen. 
"A survey of feature selection and feature extraction 
techniques in machine learning." In Science and Information 
Conference (SAI), 2014, pp. 372-378. 
[9] Warsito, Budi, Rukun Santoso, and Hasbi Yasin. 
"Cascade forward neural network for time series 
prediction." Journal of Physics: Conference Series. Vol. 
1025. No. 1. IOP Publishing, 2018. 
[10] Golnaraghi, S., Zangenehmadar, Z., Moselhi, O., & 
Alkass, S. (2019). Application of artificial neural network (s) 
in predicting formwork labour productivity. Advances in Civil 
Engineering, 2019.

 
 

Sahri et al., 2021 
 

52 
 

 
Figure 3: Accuracy of four NNs after imputation and 

feature selection 
 

 
Figure 2 shows the results of the 4 models applied on 

arrhythmia dataset containing missing values and all features. 
Meanwhile, Figure 3 shows the results of the 4 models 
applied on imputed and reduced features of the arrhythmia 
dataset. It is observed that by imputing and eliminating some 
weak correlation features has improved the performance of 
all the four models in classifying arrhythmia accordingly. 
FNN benefited the most from these two pre-processing step, 
whilst RNN and GRNN increased almost similarly in 
performance, and CNN increased the least. 

It is seen that CNN is the most robust of the four NNs 
where it recorded the highest accuracy before imputing and 
feature selection took place, and is the second highest after 
the two pre processing steps were run. CNN three layers 
architecture accommodates the nonlinear relationship 
between input and output by not eliminating the linear 
relationship between the two might contribute to its 
robustness [9]. GRNN remains the least accurate before and 
after the two processing steps were run. Arrhythmia. Despite 
the reduced features, the number of features as input is still 
high, which according to [10], GRNN this method is not a 
choice for problems with a substantial number of predictor 
variables. In addition, GRNN models can be large due to 
having one neuron for each training row. 

 
5. CONCLUSION 

This study applied four different NNs to classify 
Arrhythmia data according to its respective classes. Based on 
the obtained results, FNN becomes the most accurate after the 
two pre-processing steps take place. However, CNN is the 
most robust model for the specified arrhythmia diagnosis 
task. Our further work of research will introduce some more 

hidden layers (deep learning) for ECG arrhythmia 
classification 

. 
6. ACKNOWLEDGEMENT 
This work is supported by the research grant 
PJP/2020/FTMK/PP/S01772 which is granted by Universiti 
Teknikal Malaysia Melaka. 

 
7. REFERENCE 
[1] Yayasan Jantung Malaysia. (n.d.). Arrhythmias and 
Sudden Cardiac Death. Retrieved from 
http://www.yjm.org.my/index.cfm?&menuid=34. 
[2] B. Bhirud, and V. K. Pachghare, “Arrhythmia detection 
using ECG signal: a survey,” International Conference on 
Computational Science and Applications, Springer, 
Singapore, 2020, pp. 329–341. 
[3] Ebrahimi, Z., Loni, M., Daneshtalab, M., & Gharehbaghi, 
A. (2020). A review on deep learning methods for ECG 
arrhythmia classification. Expert Systems with Applications: 
X, 7, 100033 
[4] Singh, S. , Pandey, S. K. , Pawar, U. , & Janghel, R. R. 
(2018). Classification of ECG arrhythmia using recurrent 
neural networks. Procedia Computer Science, 132 , 1290–
1297. 
[5] S. Savalia, V. Emamian, Cardiac Arrhythmia 
Classification by Multi-Layer Perceptron and Convolution 
Neural Networks, Bioengineering (Basel,Switzerland), 5 (2) 
(2018).  
[6] Sannino, G. , & De Pietro, G. (2018). A deep learning 
approach for ECG-based heart-beat classification for 
arrhythmia detection. Future Generation Computer Systems, 
86 , 446-455. 
[7] Bitarafan A, Amini A, Baghshah MS, Khodajou-Chokami 
H. A Hybrid Deep Model for Automatic Arrhythmia 
Classification Based on LSTM Recurrent Networks. In 2020 
IEEE International Symposium on Medical Measurements 
and Applications (MeMeA). IEEE, 2020; 1–6  
[8] Khalid, Samina, Tehmina Khalil, and Shamila Nasreen. 
"A survey of feature selection and feature extraction 
techniques in machine learning." In Science and Information 
Conference (SAI), 2014, pp. 372-378. 
[9] Warsito, Budi, Rukun Santoso, and Hasbi Yasin. 
"Cascade forward neural network for time series 
prediction." Journal of Physics: Conference Series. Vol. 
1025. No. 1. IOP Publishing, 2018. 
[10] Golnaraghi, S., Zangenehmadar, Z., Moselhi, O., & 
Alkass, S. (2019). Application of artificial neural network (s) 
in predicting formwork labour productivity. Advances in Civil 
Engineering, 2019.

 
 



56

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 2 Data Analytics -

Sahri et al., 2021 
 

52 
 

 
Figure 3: Accuracy of four NNs after imputation and 

feature selection 
 

 
Figure 2 shows the results of the 4 models applied on 

arrhythmia dataset containing missing values and all features. 
Meanwhile, Figure 3 shows the results of the 4 models 
applied on imputed and reduced features of the arrhythmia 
dataset. It is observed that by imputing and eliminating some 
weak correlation features has improved the performance of 
all the four models in classifying arrhythmia accordingly. 
FNN benefited the most from these two pre-processing step, 
whilst RNN and GRNN increased almost similarly in 
performance, and CNN increased the least. 

It is seen that CNN is the most robust of the four NNs 
where it recorded the highest accuracy before imputing and 
feature selection took place, and is the second highest after 
the two pre processing steps were run. CNN three layers 
architecture accommodates the nonlinear relationship 
between input and output by not eliminating the linear 
relationship between the two might contribute to its 
robustness [9]. GRNN remains the least accurate before and 
after the two processing steps were run. Arrhythmia. Despite 
the reduced features, the number of features as input is still 
high, which according to [10], GRNN this method is not a 
choice for problems with a substantial number of predictor 
variables. In addition, GRNN models can be large due to 
having one neuron for each training row. 

 
5. CONCLUSION 

This study applied four different NNs to classify 
Arrhythmia data according to its respective classes. Based on 
the obtained results, FNN becomes the most accurate after the 
two pre-processing steps take place. However, CNN is the 
most robust model for the specified arrhythmia diagnosis 
task. Our further work of research will introduce some more 

hidden layers (deep learning) for ECG arrhythmia 
classification 

. 
6. ACKNOWLEDGEMENT 
This work is supported by the research grant 
PJP/2020/FTMK/PP/S01772 which is granted by Universiti 
Teknikal Malaysia Melaka. 

 
7. REFERENCE 
[1] Yayasan Jantung Malaysia. (n.d.). Arrhythmias and 
Sudden Cardiac Death. Retrieved from 
http://www.yjm.org.my/index.cfm?&menuid=34. 
[2] B. Bhirud, and V. K. Pachghare, “Arrhythmia detection 
using ECG signal: a survey,” International Conference on 
Computational Science and Applications, Springer, 
Singapore, 2020, pp. 329–341. 
[3] Ebrahimi, Z., Loni, M., Daneshtalab, M., & Gharehbaghi, 
A. (2020). A review on deep learning methods for ECG 
arrhythmia classification. Expert Systems with Applications: 
X, 7, 100033 
[4] Singh, S. , Pandey, S. K. , Pawar, U. , & Janghel, R. R. 
(2018). Classification of ECG arrhythmia using recurrent 
neural networks. Procedia Computer Science, 132 , 1290–
1297. 
[5] S. Savalia, V. Emamian, Cardiac Arrhythmia 
Classification by Multi-Layer Perceptron and Convolution 
Neural Networks, Bioengineering (Basel,Switzerland), 5 (2) 
(2018).  
[6] Sannino, G. , & De Pietro, G. (2018). A deep learning 
approach for ECG-based heart-beat classification for 
arrhythmia detection. Future Generation Computer Systems, 
86 , 446-455. 
[7] Bitarafan A, Amini A, Baghshah MS, Khodajou-Chokami 
H. A Hybrid Deep Model for Automatic Arrhythmia 
Classification Based on LSTM Recurrent Networks. In 2020 
IEEE International Symposium on Medical Measurements 
and Applications (MeMeA). IEEE, 2020; 1–6  
[8] Khalid, Samina, Tehmina Khalil, and Shamila Nasreen. 
"A survey of feature selection and feature extraction 
techniques in machine learning." In Science and Information 
Conference (SAI), 2014, pp. 372-378. 
[9] Warsito, Budi, Rukun Santoso, and Hasbi Yasin. 
"Cascade forward neural network for time series 
prediction." Journal of Physics: Conference Series. Vol. 
1025. No. 1. IOP Publishing, 2018. 
[10] Golnaraghi, S., Zangenehmadar, Z., Moselhi, O., & 
Alkass, S. (2019). Application of artificial neural network (s) 
in predicting formwork labour productivity. Advances in Civil 
Engineering, 2019.

 
 

Sahri et al., 2021 
 

52 
 

 
Figure 3: Accuracy of four NNs after imputation and 

feature selection 
 

 
Figure 2 shows the results of the 4 models applied on 

arrhythmia dataset containing missing values and all features. 
Meanwhile, Figure 3 shows the results of the 4 models 
applied on imputed and reduced features of the arrhythmia 
dataset. It is observed that by imputing and eliminating some 
weak correlation features has improved the performance of 
all the four models in classifying arrhythmia accordingly. 
FNN benefited the most from these two pre-processing step, 
whilst RNN and GRNN increased almost similarly in 
performance, and CNN increased the least. 

It is seen that CNN is the most robust of the four NNs 
where it recorded the highest accuracy before imputing and 
feature selection took place, and is the second highest after 
the two pre processing steps were run. CNN three layers 
architecture accommodates the nonlinear relationship 
between input and output by not eliminating the linear 
relationship between the two might contribute to its 
robustness [9]. GRNN remains the least accurate before and 
after the two processing steps were run. Arrhythmia. Despite 
the reduced features, the number of features as input is still 
high, which according to [10], GRNN this method is not a 
choice for problems with a substantial number of predictor 
variables. In addition, GRNN models can be large due to 
having one neuron for each training row. 

 
5. CONCLUSION 

This study applied four different NNs to classify 
Arrhythmia data according to its respective classes. Based on 
the obtained results, FNN becomes the most accurate after the 
two pre-processing steps take place. However, CNN is the 
most robust model for the specified arrhythmia diagnosis 
task. Our further work of research will introduce some more 

hidden layers (deep learning) for ECG arrhythmia 
classification 

. 
6. ACKNOWLEDGEMENT 
This work is supported by the research grant 
PJP/2020/FTMK/PP/S01772 which is granted by Universiti 
Teknikal Malaysia Melaka. 

 
7. REFERENCE 
[1] Yayasan Jantung Malaysia. (n.d.). Arrhythmias and 
Sudden Cardiac Death. Retrieved from 
http://www.yjm.org.my/index.cfm?&menuid=34. 
[2] B. Bhirud, and V. K. Pachghare, “Arrhythmia detection 
using ECG signal: a survey,” International Conference on 
Computational Science and Applications, Springer, 
Singapore, 2020, pp. 329–341. 
[3] Ebrahimi, Z., Loni, M., Daneshtalab, M., & Gharehbaghi, 
A. (2020). A review on deep learning methods for ECG 
arrhythmia classification. Expert Systems with Applications: 
X, 7, 100033 
[4] Singh, S. , Pandey, S. K. , Pawar, U. , & Janghel, R. R. 
(2018). Classification of ECG arrhythmia using recurrent 
neural networks. Procedia Computer Science, 132 , 1290–
1297. 
[5] S. Savalia, V. Emamian, Cardiac Arrhythmia 
Classification by Multi-Layer Perceptron and Convolution 
Neural Networks, Bioengineering (Basel,Switzerland), 5 (2) 
(2018).  
[6] Sannino, G. , & De Pietro, G. (2018). A deep learning 
approach for ECG-based heart-beat classification for 
arrhythmia detection. Future Generation Computer Systems, 
86 , 446-455. 
[7] Bitarafan A, Amini A, Baghshah MS, Khodajou-Chokami 
H. A Hybrid Deep Model for Automatic Arrhythmia 
Classification Based on LSTM Recurrent Networks. In 2020 
IEEE International Symposium on Medical Measurements 
and Applications (MeMeA). IEEE, 2020; 1–6  
[8] Khalid, Samina, Tehmina Khalil, and Shamila Nasreen. 
"A survey of feature selection and feature extraction 
techniques in machine learning." In Science and Information 
Conference (SAI), 2014, pp. 372-378. 
[9] Warsito, Budi, Rukun Santoso, and Hasbi Yasin. 
"Cascade forward neural network for time series 
prediction." Journal of Physics: Conference Series. Vol. 
1025. No. 1. IOP Publishing, 2018. 
[10] Golnaraghi, S., Zangenehmadar, Z., Moselhi, O., & 
Alkass, S. (2019). Application of artificial neural network (s) 
in predicting formwork labour productivity. Advances in Civil 
Engineering, 2019.

 
 

Sahri et al., 2021 
 

52 
 

 
Figure 3: Accuracy of four NNs after imputation and 

feature selection 
 

 
Figure 2 shows the results of the 4 models applied on 

arrhythmia dataset containing missing values and all features. 
Meanwhile, Figure 3 shows the results of the 4 models 
applied on imputed and reduced features of the arrhythmia 
dataset. It is observed that by imputing and eliminating some 
weak correlation features has improved the performance of 
all the four models in classifying arrhythmia accordingly. 
FNN benefited the most from these two pre-processing step, 
whilst RNN and GRNN increased almost similarly in 
performance, and CNN increased the least. 

It is seen that CNN is the most robust of the four NNs 
where it recorded the highest accuracy before imputing and 
feature selection took place, and is the second highest after 
the two pre processing steps were run. CNN three layers 
architecture accommodates the nonlinear relationship 
between input and output by not eliminating the linear 
relationship between the two might contribute to its 
robustness [9]. GRNN remains the least accurate before and 
after the two processing steps were run. Arrhythmia. Despite 
the reduced features, the number of features as input is still 
high, which according to [10], GRNN this method is not a 
choice for problems with a substantial number of predictor 
variables. In addition, GRNN models can be large due to 
having one neuron for each training row. 

 
5. CONCLUSION 

This study applied four different NNs to classify 
Arrhythmia data according to its respective classes. Based on 
the obtained results, FNN becomes the most accurate after the 
two pre-processing steps take place. However, CNN is the 
most robust model for the specified arrhythmia diagnosis 
task. Our further work of research will introduce some more 

hidden layers (deep learning) for ECG arrhythmia 
classification 

. 
6. ACKNOWLEDGEMENT 
This work is supported by the research grant 
PJP/2020/FTMK/PP/S01772 which is granted by Universiti 
Teknikal Malaysia Melaka. 

 
7. REFERENCE 
[1] Yayasan Jantung Malaysia. (n.d.). Arrhythmias and 
Sudden Cardiac Death. Retrieved from 
http://www.yjm.org.my/index.cfm?&menuid=34. 
[2] B. Bhirud, and V. K. Pachghare, “Arrhythmia detection 
using ECG signal: a survey,” International Conference on 
Computational Science and Applications, Springer, 
Singapore, 2020, pp. 329–341. 
[3] Ebrahimi, Z., Loni, M., Daneshtalab, M., & Gharehbaghi, 
A. (2020). A review on deep learning methods for ECG 
arrhythmia classification. Expert Systems with Applications: 
X, 7, 100033 
[4] Singh, S. , Pandey, S. K. , Pawar, U. , & Janghel, R. R. 
(2018). Classification of ECG arrhythmia using recurrent 
neural networks. Procedia Computer Science, 132 , 1290–
1297. 
[5] S. Savalia, V. Emamian, Cardiac Arrhythmia 
Classification by Multi-Layer Perceptron and Convolution 
Neural Networks, Bioengineering (Basel,Switzerland), 5 (2) 
(2018).  
[6] Sannino, G. , & De Pietro, G. (2018). A deep learning 
approach for ECG-based heart-beat classification for 
arrhythmia detection. Future Generation Computer Systems, 
86 , 446-455. 
[7] Bitarafan A, Amini A, Baghshah MS, Khodajou-Chokami 
H. A Hybrid Deep Model for Automatic Arrhythmia 
Classification Based on LSTM Recurrent Networks. In 2020 
IEEE International Symposium on Medical Measurements 
and Applications (MeMeA). IEEE, 2020; 1–6  
[8] Khalid, Samina, Tehmina Khalil, and Shamila Nasreen. 
"A survey of feature selection and feature extraction 
techniques in machine learning." In Science and Information 
Conference (SAI), 2014, pp. 372-378. 
[9] Warsito, Budi, Rukun Santoso, and Hasbi Yasin. 
"Cascade forward neural network for time series 
prediction." Journal of Physics: Conference Series. Vol. 
1025. No. 1. IOP Publishing, 2018. 
[10] Golnaraghi, S., Zangenehmadar, Z., Moselhi, O., & 
Alkass, S. (2019). Application of artificial neural network (s) 
in predicting formwork labour productivity. Advances in Civil 
Engineering, 2019.

 
 

.



57

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 2 Data Analytics -
Proceedings of the 3rd International Conference on Intelligent & Interactive Computing (IIC 2021), pp. 53-56, September 2021 

 

 

The Impact of GHGs Emissions by Sectors on  
Climate Change in Malaysia  

Anis Farhani Ghafar1*, Norasilah Latiff1*, Syarifah Sakinah Syed Ahmad1, Zuraini Othman1, Nur Hajah Zamah Shari2 

1 Fakulti Teknologi Maklumat dan Komunikasi, Universiti Teknikal Malaysia Melaka, 
Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia 

2 Forestry and Environment Division, Forest Research Institute Malaysia (FRIM), 
52109 Kepong, Malaysia 

 
 

*Corresponding e-mail: sakinah@utem.edu.my 
 

Abstract — Greenhouse gases or GHGs is known as a 
compound gases that trap heat or long wave radiation in the 
atmosphere. These compound gases cause the Earth’s 
surface warmer where sunlight or shortwave radiation can 
easily passes through these gases and the atmosphere.  By 
trapping heat from the sun, the greenhouse gases have kept 
Earth’s climate habitable for humans and millions of other 
species. Even so, those gases are out of balance for now and 
be a threat to change drastically which and where the living 
things can survive on this planet. On the other hand, 
greenhouse gas emissions are greenhouse gases that are 
vented to the Earth’s atmosphere emitted by human 
activities. The information from our world of data shows 
that the greenhouse gases effect over 50 billion tons a year 
that effect the temperature of the world. Besides, it is also 
have far-ranging environmental and health effects that lead 
to climate change. This issue can be controlled if the effect 
and causes can be detected in early stage. Greenhouse gas 
emissions can be divided into two groups which are 
greenhouse gas emissions by gas and by sectors. However, 
this study only focus on greenhouse gas emissions by sectors 
and the effect on climate change in Malaysia. First and 
foremost, the data for the causes of gas emissions by sectors 
are acquired in order to determine the main cause of 
greenhouse effects. Next, the relationship between the 
greenhouse gas emissions and climate change in Malaysia 
has been discussed.  The link between these two variables is 
analyzed using statistical way. The results by correlation 
and regression analysis modelling have been discussed.  
 
Keywords — Greenhouse Gases; CO2 Emissions; Climate 
Change 
 
1. INTRODUCTION 

Naturally, greenhouse gases is closely related to global 
atmosphere and can be defined as gases that trap heat in the 
atmosphere. Scientists are more than 95% certain that nearly all 
of global warming is caused by increasing concentrations of 
greenhouse gases and other human-caused emissions[1]. A 
greenhouse gas or called as GHG is a gas that caused gases 
emission by sectors or gases. This greenhouse effect is the 
process of radiation from a planet's atmosphere warms the 
planet's surface to a temperature above what it would be 

without this atmosphere as shown in Figure 1. It allow sunlight 
to pass through the atmosphere and absorbs and its radiant 
energy within the thermal infrared range. 

 

 
Figure 1: The process of greenhouse affect towards global 

atmosphere. 
 

Global warming refers to the rise in global temperatures due 
mainly to the increasing concentrations of greenhouse gases in 
the atmosphere[3]. At the global scale, the greenhouse gases 
emitted can be broken down as global emissions by gas and by 
economic sector. However, this project only focus on global 
emissions by sectors where the sectors are emitted by human 
activities such as electricity and heat production, industry, 
transportation, buildings, agriculture, forestry, other land use 
and other energy that lead to their production. The example of 
greenhouse emissions by gases is like carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O) and fluorinated gases (F-
gases)[2].  
   Carbon is known as gas essential of life such as the air we 
eat, the food we eat, the products we purchase and many mores. 
It is best defined as the most element for life on Earth since it 
is literally the basis for life. Carbon dioxide (CO2) or also 
known as a greenhouse gas is also can be determine as a gas 
that absorbs and emits thermal radiation, creating the 
‘greenhouse effect’. This greenhouse gas absorb that heat and 
release it gradually over time and without it, Earth’s average 
annual temperature would be below freezing instead of close to 
60°F[4]. In other word, our world will be simply be too cold. 
However, increases in greenhouse gases have tipped the Earth's 
energy budget out of balance, trapping additional heat and 
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Earth’s climate habitable for humans and millions of other 
species. Even so, those gases are out of balance for now and 
be a threat to change drastically which and where the living 
things can survive on this planet. On the other hand, 
greenhouse gas emissions are greenhouse gases that are 
vented to the Earth’s atmosphere emitted by human 
activities. The information from our world of data shows 
that the greenhouse gases effect over 50 billion tons a year 
that effect the temperature of the world. Besides, it is also 
have far-ranging environmental and health effects that lead 
to climate change. This issue can be controlled if the effect 
and causes can be detected in early stage. Greenhouse gas 
emissions can be divided into two groups which are 
greenhouse gas emissions by gas and by sectors. However, 
this study only focus on greenhouse gas emissions by sectors 
and the effect on climate change in Malaysia. First and 
foremost, the data for the causes of gas emissions by sectors 
are acquired in order to determine the main cause of 
greenhouse effects. Next, the relationship between the 
greenhouse gas emissions and climate change in Malaysia 
has been discussed.  The link between these two variables is 
analyzed using statistical way. The results by correlation 
and regression analysis modelling have been discussed.  
 
Keywords — Greenhouse Gases; CO2 Emissions; Climate 
Change 
 
1. INTRODUCTION 

Naturally, greenhouse gases is closely related to global 
atmosphere and can be defined as gases that trap heat in the 
atmosphere. Scientists are more than 95% certain that nearly all 
of global warming is caused by increasing concentrations of 
greenhouse gases and other human-caused emissions[1]. A 
greenhouse gas or called as GHG is a gas that caused gases 
emission by sectors or gases. This greenhouse effect is the 
process of radiation from a planet's atmosphere warms the 
planet's surface to a temperature above what it would be 

without this atmosphere as shown in Figure 1. It allow sunlight 
to pass through the atmosphere and absorbs and its radiant 
energy within the thermal infrared range. 

 

 
Figure 1: The process of greenhouse affect towards global 

atmosphere. 
 

Global warming refers to the rise in global temperatures due 
mainly to the increasing concentrations of greenhouse gases in 
the atmosphere[3]. At the global scale, the greenhouse gases 
emitted can be broken down as global emissions by gas and by 
economic sector. However, this project only focus on global 
emissions by sectors where the sectors are emitted by human 
activities such as electricity and heat production, industry, 
transportation, buildings, agriculture, forestry, other land use 
and other energy that lead to their production. The example of 
greenhouse emissions by gases is like carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O) and fluorinated gases (F-
gases)[2].  
   Carbon is known as gas essential of life such as the air we 
eat, the food we eat, the products we purchase and many mores. 
It is best defined as the most element for life on Earth since it 
is literally the basis for life. Carbon dioxide (CO2) or also 
known as a greenhouse gas is also can be determine as a gas 
that absorbs and emits thermal radiation, creating the 
‘greenhouse effect’. This greenhouse gas absorb that heat and 
release it gradually over time and without it, Earth’s average 
annual temperature would be below freezing instead of close to 
60°F[4]. In other word, our world will be simply be too cold. 
However, increases in greenhouse gases have tipped the Earth's 
energy budget out of balance, trapping additional heat and 
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raising Earth's average temperature imbalance that is causing 
Earth's temperature to rise. 
 

The primary driver of climate change and present of the 
world’s most pressing challenges is the carbon dioxide 
emissions. The link between global temperatures and 
greenhouse gas concentrations especially CO2 has been proved 
throughout Earth’s history. Figure 2 explained the example of 
the process of climate change based on greenhouse gases 
emissions[5]. Climate change can be refers to significant or 
long-term changes in the global climate. The changing of 
climate has a range of potential ecological, physical and health 
impacts like extreme weather events as shown in Figure 3[6].  

 

 
Figure 2: The process of climate change based on greenhouse 

gases emissions 
 

 
Figure 3: The example of impact of extreme climate change 

 
As for the conclusion, this study will identify the 

relationship between GHGs emissions by sectors and climate 
change in Malaysia and how the impact occurs between them. 
The preparation of data management will be explained more in 
the next chapter which includes, data cleaning, data wrangling 
and modelling evaluation. 
 
The objective for this study on the impact of GHGs emissions 
by sectors on climate change in Malaysia are listed as below; 

1. To investigate the factors of GHGs emissions by   
 sectors or economies activities that lead to their 
 production in Malaysia. 

2. To identify the cause and pattern of temperature for 
 climate change occur in Malaysia. 

3. To determine the relationship between GHGs 
 emissions by sectors and climate change in Malaysia. 

4. To analyze the impact of GHGs emissions towards 
 climate change by applying statistical methods. 

 

Greenhouse effect need to be monitored in order to 
ensure the balance of global atmosphere. The problem of global 
warming proved that it is extremely important despite a 
temperature rise of 1℃ can seem small and insignificant[7]. 
However, a country need to stabilize concentrations of GHGs 
emission in order to neutral the global temperatures. An 
increase in atmospheric greenhouse gas emissions 
concentration influences climate both directly through its 
radioactive effect and indirectly through its physiological 
effect[13]. Hence, the amount of these gases emissions need to 
be analyzed.  

 
 

2. METHOD 
The process starts by getting the suitable data. By getting 

the data prepared is where the process of cleaning and 
transforming raw data prior to processing and analysis take 
place. It is an important step prior to processing and often 
involves reformatting data, making corrections to data and the 
combining of data sets to enrich data. Most of the data have 
been processed by using Python 3.0 in Jupyter notebook and 
Microsoft Excel. The process of preparation data is simply as 
below;

 
Figure 4: The process of data preparation 

 
 Next, the process continue by applying data wrangling 
into the clean data. Exploratory data analysis (EDA) help to 
understand the data better. EDA is primarily used to see what 
data can reveal beyond the formal modeling or hypothesis 
testing task and provides a provides a better understanding of 
data set variables and the relationships between them. It can 
also help determine if the statistical techniques you are 
considering for data analysis are appropriate. Figure 5 below 
presents the EDA of the relationship between GHGs emissions 
by sectors and climate change in Malaysia. As we can see, the 
factors of land use change and forestry contribute the highest 
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percentage in greenhouse emissions compare to others. While 
the temperature in Malaysia throughout the year is balance.  
 

 
Figure 5: The EDA for the impact of GHGs emissions on 

climate change in Malaysia 
 

 The calculation part begin after the EDA part finish. 
Then, the statistical method is used where the correlation and 
regression analysis are emitted. There are two types of variable 
data for this project which are the GHGs emissions by sectors 
and the climate change in Malaysia. The data sources of GHGs 
emissions is classified into several group such as agriculture, 
land use, waste, industry, manufacturing, transport, electricity, 
buildings and many mores. While the data of climate change in 
Malaysia is based on the annually temperature. All data for this 
project is acquired from website of our world of data and world 
bank of data. The range timeline for all data is between 1991 to 
2016.   
The linear correlation coefficient can be explains as in the 
model below; 

 
This linear correlation coefficient is also referred to as 

Pearson’ product moment correlation coefficient in honor of 
Karl Pearson, the person who developed it. In a nutshell, this 
statistic numerically describes how strong the straight line or 
linear relationship is between the two variables and the 
direction which are positive or negative. Below are the rules of 
interpreting the size of a Correlation Coefficient; 
 

 
 

Table 1: The rules of interpreting the size of Correlation 
Coefficient 

Size of Correlation Interpretation (Correlation) 

.90 to 1.00 (−.90 to −1.00) Very high positive (negative)  

.70 to .90 (−.70 to −.90) High positive (negative)  

.50 to .70 (−.50 to −.70) Moderate positive (negative)  

.30 to .50 (−.30 to −.50) Low positive (negative)  

.00 to .30 (.00 to −.30) Negligible  

 
Generally, Multiple Regression Analysis are explaining the 

relationship between multiple independent or predictor 
variables and one dependent or criterion variable.  A dependent 
variable is model as a function of several independent variables 
with corresponding coefficients, with the constant term. The 
multiple regression equation explained in equation 5. 
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While, the Independent Variable (IV) are Agriculture, Land-
Use Change and Forestry, Waste, Industry, 
Manufacturing/Construction energy, Transport, Electricity & 
Heat, Buildings, Fugitive from energy production, Other Fuel 
Combustion and Bunker Fuels. The specific model is used to 
estimate Temperature values as below; 

Temperature =  β0 +  β1 Agriculture 
+ β2 Land use change and forest 
+ β3 Waste + β4 Industry 
+ β5 Manufacturing
/ Construction + β6 Transport 
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y = b1x1 + b2x2+. . . +bnxn + c 5 
 
For this study, the Dependent Variable (DV) is Temperature. 

While, the Independent Variable (IV) are Agriculture, Land-
Use Change and Forestry, Waste, Industry, 
Manufacturing/Construction energy, Transport, Electricity & 
Heat, Buildings, Fugitive from energy production, Other Fuel 
Combustion and Bunker Fuels. The specific model is used to 
estimate Temperature values as below; 

Temperature =  β0 +  β1 Agriculture 
+ β2 Land use change and forest 
+ β3 Waste + β4 Industry 
+ β5 Manufacturing
/ Construction + β6 Transport 
+ β7 Electricity and heat 
+ β8 Buildings 
+ β9 Fugitive energy production 
+ β10 Other fuels 
+ β11 Bunker fuels +  ε 

6 

 

𝑟𝑟 =
∑ (𝑥𝑥𝑖𝑖 − �̃�𝑥)

𝑠𝑠𝑥𝑥
(𝑦𝑦𝑖𝑖 − �̃�𝑦)

𝑠𝑠𝑦𝑦
𝑛𝑛 − 1  

1 

𝑆𝑆𝑥𝑥𝑥𝑥 = ∑ 𝑥𝑥2 − (∑ 𝑥𝑥)2

𝑛𝑛
2 

𝑆𝑆𝑥𝑥𝑦𝑦 = ∑ 𝑥𝑥𝑦𝑦 − (∑ 𝑥𝑥)(∑ 𝑦𝑦)
𝑛𝑛

3 

𝑆𝑆𝑦𝑦𝑦𝑦 = ∑ 𝑦𝑦2 − (∑ 𝑦𝑦)2

𝑛𝑛
4 
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3. RESULTS AND DISCUSSIONS 
There are two types variables are applied for this study, which 
are GHGs Emissions by sectors and Climate Change 
(Temperature) in Malaysia.  Below are the results of correlation 
analysis by using python; 
 
Table 2: Correlation Matrix for GHGs emissions by sectors in 

Malaysia 

 
 
Table 2 above shows the results of the correlation matrix for 

GHGs emissions by sectors in Malaysia. Heat shows the 
highest values of positive correlated with Waste and Industry 
which is 99%. The result also shows that, Temperature 
variables are does not give much affect between 11 industries 
listed above. This is because, most of the correlation values are 
below than 65%.  

Based on the regression analysis, it shows the results of 
correlation analysis between the data of GHGs emissions by 
sectors and climate change in Malaysia. From this analysis, it 
was found that R² value is -0.812. This value indicate that 81% 
factors have inverse influenced with the values of temperature 
in Malaysia. The significant of F = 3.581, p<.05 indicates that 
there is inversed significant relationship between temperature 
and 10 significant variables at 95% confident level. While, the 
error value is 0.26.  
 
4. CONCLUSION 

Greenhouse emission, global warming and its 
resultant effect (climate change) are serious environmental 
problems that need urgent scientific attention, thereby calling 
for a reduction in greenhouse emissions in all sectors of human 
activity. This inverse correlation by regression analysis shows 
that when the factors is too high, the temperature of climate 
change tends to be low. The highest correlation between heat 
and waste and industry explains can be concluded that waste 
and industry also produces high heat.  The 95% confident level 
for the significant variable proves that the correlation analysis 
is successful.  

 
ACKNOWLEDGEMENT  

Thank you to the Ministry of Education (MOE) and 
Universiti Teknikal Malaysia Melaka (UTeM) for the financial 
supports through FRGS Vote No: 
FRGS/1/2020/ICT06/UTEM/02/1. 

 
REFERENCES 
[1] K. O. Yoro and M. O. Daromol,”CO2 Emissions Sources, 

Greenhouse Gases and The Global Warming Effect”, 
Advance in Carbon Capture, 2020. 

[2] E. Ottmar, P.M. Ramon and S. Youba, “Mitigation of 
Climate Change”, Cambridge University Press, 2014. 

[3] A.L.S Norasyiqin, S.C. Meng, R. Srithar, T. Asako, Y.C. 
Yoon, T. Kiyotaka and I. Yasuyuki, “ The Trend and 
Status of Energy Resources and Greenhouse Gas 
Emissions in The Malaysia Power Generation Mix, 
Energies 2021, 2021. 

[4] A.B. Kazeem, F.S. Fathin and M.N. Nor Ghani, 
“Reducing Carbon Dioxide Emissions from Malaysian 
Power Sector: Current Issues and Future Directions”, 
Engineering Journal, page 56-69, 2018. 

[5] A.C. Norlaila and A.R. Khalid, “Sources of Change in 
CO2  Emissions from Energy Consumption by Industrial 
Sectors in Malaysia”, Prosiding PESKEM, page 163-174, 
2014.  

[6] A.B. Rawshan and J.P. Joy, “GHG Emissions and Energy 
Efficiency Potential in the Building Sector of Malaysia”, 
Australian Journal of Basic and Applied Sciences, page 
5012-5017, 2010.  

[7] A. Jason, F. Malcolm and V. Carolina, “An Overview of 
Global Greenhouse Gas Emissions and Emissions 
Reduction Scenarios for The Future”, Institute for 
European Environmental Policy (IEEP), 2008. 

[8] H. Chelsea, “CO2 can Directly Impact Extreme Weather , 
Research Suggests”, E&E News 2021, 2018. 

[9] A. R. Haliza. “Climate Change Scenarios In Malaysia: 
Engaging The Public”, International Journal of Malay-
Nusantara Studies, Vol. 1, (2), Page 55 – 77, 2018. 

[10] Erina, “Comparing G20 Climate Action and Responses to 
the Covid -19 Crisis”, Climate Transparency Report, 
2020.  

[11] S.H.M. Mushar, S.S.S Ahmad, F. Kasmin and N.H.Z. 
Shari, “Machine Learning Approach for Estimating Tree 
Volume”, Journal of Physics: Conference Series (ICTEC 
2019), 2020. 

[12] K.L. Weldon, “A Simplified Introduction to Correlation 
and Regression”, Journal of Statistics Education 8, 2000. 

[13] W.K. Darkwah, B. Odum, D. Koomson and Maxwell 
Addae, “Greenhouse Effect: Greenhouse Gases and Their 
Impact on Global Warming”, Journal of Scientific 
Research and Reports, page 1-9, 2018. 

 

 

Ghafar et al., 2021 
 

 56 

3. RESULTS AND DISCUSSIONS 
There are two types variables are applied for this study, which 
are GHGs Emissions by sectors and Climate Change 
(Temperature) in Malaysia.  Below are the results of correlation 
analysis by using python; 
 
Table 2: Correlation Matrix for GHGs emissions by sectors in 

Malaysia 

 
 
Table 2 above shows the results of the correlation matrix for 

GHGs emissions by sectors in Malaysia. Heat shows the 
highest values of positive correlated with Waste and Industry 
which is 99%. The result also shows that, Temperature 
variables are does not give much affect between 11 industries 
listed above. This is because, most of the correlation values are 
below than 65%.  

Based on the regression analysis, it shows the results of 
correlation analysis between the data of GHGs emissions by 
sectors and climate change in Malaysia. From this analysis, it 
was found that R² value is -0.812. This value indicate that 81% 
factors have inverse influenced with the values of temperature 
in Malaysia. The significant of F = 3.581, p<.05 indicates that 
there is inversed significant relationship between temperature 
and 10 significant variables at 95% confident level. While, the 
error value is 0.26.  
 
4. CONCLUSION 

Greenhouse emission, global warming and its 
resultant effect (climate change) are serious environmental 
problems that need urgent scientific attention, thereby calling 
for a reduction in greenhouse emissions in all sectors of human 
activity. This inverse correlation by regression analysis shows 
that when the factors is too high, the temperature of climate 
change tends to be low. The highest correlation between heat 
and waste and industry explains can be concluded that waste 
and industry also produces high heat.  The 95% confident level 
for the significant variable proves that the correlation analysis 
is successful.  

 
ACKNOWLEDGEMENT  

Thank you to the Ministry of Education (MOE) and 
Universiti Teknikal Malaysia Melaka (UTeM) for the financial 
supports through FRGS Vote No: 
FRGS/1/2020/ICT06/UTEM/02/1. 

 
REFERENCES 
[1] K. O. Yoro and M. O. Daromol,”CO2 Emissions Sources, 

Greenhouse Gases and The Global Warming Effect”, 
Advance in Carbon Capture, 2020. 

[2] E. Ottmar, P.M. Ramon and S. Youba, “Mitigation of 
Climate Change”, Cambridge University Press, 2014. 

[3] A.L.S Norasyiqin, S.C. Meng, R. Srithar, T. Asako, Y.C. 
Yoon, T. Kiyotaka and I. Yasuyuki, “ The Trend and 
Status of Energy Resources and Greenhouse Gas 
Emissions in The Malaysia Power Generation Mix, 
Energies 2021, 2021. 

[4] A.B. Kazeem, F.S. Fathin and M.N. Nor Ghani, 
“Reducing Carbon Dioxide Emissions from Malaysian 
Power Sector: Current Issues and Future Directions”, 
Engineering Journal, page 56-69, 2018. 

[5] A.C. Norlaila and A.R. Khalid, “Sources of Change in 
CO2  Emissions from Energy Consumption by Industrial 
Sectors in Malaysia”, Prosiding PESKEM, page 163-174, 
2014.  

[6] A.B. Rawshan and J.P. Joy, “GHG Emissions and Energy 
Efficiency Potential in the Building Sector of Malaysia”, 
Australian Journal of Basic and Applied Sciences, page 
5012-5017, 2010.  

[7] A. Jason, F. Malcolm and V. Carolina, “An Overview of 
Global Greenhouse Gas Emissions and Emissions 
Reduction Scenarios for The Future”, Institute for 
European Environmental Policy (IEEP), 2008. 

[8] H. Chelsea, “CO2 can Directly Impact Extreme Weather , 
Research Suggests”, E&E News 2021, 2018. 

[9] A. R. Haliza. “Climate Change Scenarios In Malaysia: 
Engaging The Public”, International Journal of Malay-
Nusantara Studies, Vol. 1, (2), Page 55 – 77, 2018. 

[10] Erina, “Comparing G20 Climate Action and Responses to 
the Covid -19 Crisis”, Climate Transparency Report, 
2020.  

[11] S.H.M. Mushar, S.S.S Ahmad, F. Kasmin and N.H.Z. 
Shari, “Machine Learning Approach for Estimating Tree 
Volume”, Journal of Physics: Conference Series (ICTEC 
2019), 2020. 

[12] K.L. Weldon, “A Simplified Introduction to Correlation 
and Regression”, Journal of Statistics Education 8, 2000. 

[13] W.K. Darkwah, B. Odum, D. Koomson and Maxwell 
Addae, “Greenhouse Effect: Greenhouse Gases and Their 
Impact on Global Warming”, Journal of Scientific 
Research and Reports, page 1-9, 2018. 

 

 



61

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 2 Data Analytics -

Proceedings of the 3rd International Conference on Intelligent & Interactive Computing (IIC 2021), pp. 57-60, September 2021 
 

 

Sentiment Analysis Dashboard Using Twitter Data in Power BI  
Dharshen Sivananda1, Siti Azirah Asmai 1*, Zaheera Zainal Abidin 1 Zuraida Abal Abas 1 Sabrina Ahmad 1 

1 Fakulti Teknologi Maklumat dan Komunikasi, Universiti Teknikal Malaysia Melaka, 
Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia 

  
 

*Corresponding e-mail: azirah@utem.edu.my 
 

Abstract —Sentiment analysis is a rapidly developing branch of 
natural language processing. It is a method of detecting a person's 
attitude, state of mind, or emotions regarding a product, service, 
movie, or other item by evaluating thoughts and evaluations 
expressed on social media, blogs, and other places. People can 
communicate their opinions with others using various social media 
platforms such as Facebook, Instagram, Twitter, and others. 
Twitter has grown to become the most popular social media tool 
for real-time information sharing via short messages known as 
tweets. Thousands of people engage with one another at the same 
time, generating massive amounts of data in seconds. A dashboard 
on sentiment analysis based on Twitter data in Microsoft Power 
BI was proposed to make effective use of this data. This dashboard 
measures positive and negative attitudes for a specific product or 
service, allowing organizations, political parties, and ordinary 
citizens to better understand the success of their efforts and make 
better decisions. The proposed dashboard shows that the 
generated data from Twitter can be used and import to Power Bi 
for its visualizations continuously. 
 
Keywords — Sentiment; analysis, Twitter, dashboard, Power 
BI. 
 
1. INTRODUCTION 

It is no longer a surprise to enable machine learning to 
interpret human language and know how individuals are going 
through at the moment with their surroundings in the era of 
present Data Science and Big Data. Sentiment Analysis, also 
known as Opinion Mining, leverages the idea of natural 
language processing, text analysis, and computational 
linguistics to identify qualitative data or the 
writer's/subject's/emotional topic's state. We can extract terms 
from the content that intensify distinct emotions such as joy, 
excitement, frustration, fear, and so on, rather than just 
detecting a positive/negative/neutral mood.   

Sentiment Analysis or Opinion Mining, which incorporates 
the power of the processing of natural language, text analysis 
and computational linguistics to identify subjective knowledge 
or the writer/subject/emotional topic's state. We can also extract 
keywords that amplify different emotions from the text, such as 
joy, excitement, anger, fear, etc., instead of just identifying a 
positive/negative/neutral feeling. 
 
2. LITERATURE REVIEW 

In a short time, a social media user might read and share a 
large number of messages. As a result, data may be generated 
quickly and communicated with the rest of the globe. Yong-
Ting Wu, He-Yen Hsieh, Xanno K. Sigalingging, Kuan-Wu Su, 
and Jenq-Shiou Leu, (2017) developed a platform namely 

RIVA. A Real-time information visualizing and analysis 
platform with a web browser visualization interface for 
analyzing particular subjects. As data sources, two web services 
are used: one is Twitter, and the other is web news. Apache 
Spark and Apache Zeppelin were used in tandem to design the 
application. According to their findings, the sentiment analysis 
on both datasets is positive, and the number of CPU cores does 
not influence processing time when the worker node is 
increased. As a result, it can handle a bigger live data stream 
and provide scalability. They created a heterogeneous real-time 
data analyzer that can examine each data source for analytical 
results at the same time. Shiv Kumar Goel and Sanchita Patil 
(2015) performed sentiment analysis on Twitter data using R 
programming. In their research, they divided sentiment polarity 
into three categories: positive, negative, and neutral. They 
applied a lexical technique to detect attitudes, which was 
implemented using Word cloud, a R programming tool that 
provides a vast corpus of vocabulary data. To portray the data 
more appealingly, bar and pie charts with a corresponding 
sentiment score were used. 

 
Akash Mahajan, Rushikesh Divyavir, Nishant Kumar, 

Chetan Gade, and L.A. Deshpande (2016) presented a study 
that looked at the impact of government programmes. They 
gathered data for their execution from the government's official 
website, my-gov.in. They used the Stemmer technique for data 
pre-processing, which compacts the raw data so sentiment 
analysis can be performed. To convey output more efficiently, 
data is evaluated and categorized into positive, negative, and 
neutral attitudes, with corresponding pie and bar charts. The 
results show how users feel about various government 
initiatives like the Swachh Bharat Abhiyan and Beti Padhao 
Beti Bachao. 
 
3. APPROACHED TECHNIQUE 

The proposed work for the Twitter sentiment analysis and 
visualization lexicon-based approach. To process information, 
the lexicon-based technique does not require any training. 
There is no need to train the algorithm with the lexicon-based 
method. This particular technique is based entirely on exploring 
the opinion lexicon in a large dictionary or corpus for a preset 
list of terms with the appropriate sentiment polarity orientation 
and score. After determining polarity orientation and score 
from the lexicon, this method classifies the emotion of a review 
or opinion by counting the positive and negative words. 
Positive words represent desired and good conditions, whilst 
negative terms represent undesirable and unfavorable 
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conditions. There are two sorts of lexicon-based approaches: 
dictionary-based and corpus-based. The corpus-based method 
is used in the proposed system. The corpus-based lexicon 
approach includes a large list of positive and negative opinion 
words. These wordlists are searched for opinion terms from our 
test dataset to detect context-specific polarity orientation. 
Researchers can achieve moderately good precision in 
sentiment analysis using corpus-based methods. 

We have used TextBlob for the corpus to perform sentiment 
analysis in our system. TextBlob is a Python library for 
processing textual data. It offers a basic API for standard 
natural language processing (NLP) operations like part-of-
speech tagging, noun phrase extraction, sentiment analysis, 
classification, translation, and subjectivity score, among others. 
The NLTK library is used to create TextBlob. It has more 
features than NLTK and is much easier to use. Text Blob has a 
big corpus, as well as several stemmers and dozens of 
algorithms for text analysis. 

 

4. PROPOSED METHODOLOGY 
To collect and analyze text data from the Twitter social 

media platform, the project uses Microsoft Power BI and 
Python programming language. The project's goal is to 
determine the polarity of words collected from these sources on 
a given search topic. Numerous researches are undertaken for 
sentiment analysis on textual data that examine disorganized 
and unstructured material in an organized manner to determine 
the opinion polarity as positive or negative and neutral. To 
classify the sentiment polarity of tweets, a methodology is 
provided for a sentiment classification system. We can analyze 
Twitter data and conduct analysis using the proposed system. 
Figure 1 illustrates the fundamental architecture of the 
proposed sentiment analysis approach, in which data is 
retrieved from Twitter and then sentiment analysis is conducted 
in stages on that data. 

The conceptual framework for sentiment analysis aids in the 
classification of sentiment and its associated subjectivity. The 
method of sentiment analysis comprises several phases, as 
shown in Figure 1. 
 

 
 

Figure 1. Architecture of Proposed Sentiment Analysis 
 
 
 
 

4.1 DATA GATHERING 
      Because Twitter is so popular nowadays, it was chosen for 
data collecting. Hashtags and keywords can be used to pull 
tweets from Twitter. Hashtags, also known as keywords, are 
used to categorize tweets and make them easier to find. The 
Twitter API is needed to find tweets from Twitter. One of 
Twitter's limitations is that the Twitter Search API can only 
produce a certain number of tweets at a time. The Tweepy 
package in Python can be used to access the Twitter API. 
Tweepy makes it simple to leverage Twitter's streaming API. It 
is in charge of authentication, connection, and a variety of other 
functions. For accessing Twitter feeds, API authentication is 
required. Twitter messages are downloaded in real time using 
the Twitter streaming API. It can be used to get a large number 
of tweets or to create a live feed utilizing a site stream or a user 
stream. This Twitter streaming API can be used to retrieve 
tweets for any hashtag or term that has been tweeted. The data 
gathering block diagram is shown in Figure 2 
 

 
 

      Figure 2. Data Collection Process 
 
4.1.1 TWITTER AUTHENTICATION 
       To use the Twitter Streaming API, we need to obtain four 
pieces of information from Twitter: API key, API secret, 
Access token, and Access token secret. These four components 
are required for Twitter authentication, which can be generated 
by developing a Twitter application. It requires a developer’s 
account. If not owned a Twitter developer’s account, can be 
created at dev.twitter.com. Now go to https://apps.twitter.com/ 
and sign in with Twitter credentials. Click on "Create New 
App". Fill out the form, agree to the terms, and click "Create 
your Twitter application". After creating the app, go to the 
"Keys and tokens” tab, and copy the "API key" and "API 
secret". Scroll down and click "Create my access token", and 
copy the "Access token" and "Access token secret". As a result, 
the API has access to the consumer key, consumer secret, 
access token, and access secret, which it must use to 
authenticate with the Twitter Authentication server.  
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4.1.2 TWITTER DATA 

After completing the authentication process, connect to the 
Twitter Streaming API using Tweepy, a Python module that 
allows to connect to Twitter and download data. For each 
Twitter server transaction, a token is generated and made 
accessible to the API when the Twitter Authentication service 
verifies the API. This token is used to mine tweets using 
hashtags or keywords. The following code is used to access the 
data, and the downloaded data is saved as a dataset in.csv files. 
auth = OAuthHandler(ckey, csecret) 
auth.set_access_token(atoken, asecret) 
twitterStream = Stream(auth, listener()) 
twitterStream.filter(track=[inp]) 
 
4.2 DATA PREPROCESSING 
The data gathered from Twitter is unstructured and unorganized, 
and it is expressed in a variety of ways, including through the 
use of multiple languages, slang, the context of writing, and so 
on. As a result, data preprocessing entails data cleaning as well 
as stop word removal.  
 
4.2.1 DATA CLEANING 

It consists of excessive data is removed from the Twitter 
dataset, such as HTML tags, white spaces, and special 
characters. Because this noise is incomprehensible, it must be 
eliminated. Importing the regular expression (RE) python 
module cleans up the data. 
 
4.2.2 STOP WORDS REMOVAL 

Stop words are a collection of terms that can be found in 
dictionaries. This is a list of words that are regularly used in any 
language, not only English. Stop words concentrate on the most 
significant terms in a language rather than the most regularly 
used ones. Stop word removal is done by deleting the unwanted 
words from the Twitter data set, resulting in a set of data that 
only contains the information needed for the analysis. Only key 
words that could contribute to sentiment detection remain after 
stop words have been removed. Another Python module called 
NLTK is used to remove stop words and tokenize them. 
 
4.2.3 LEMMATIZATION 

Lemmatization is the process of reducing a word's 
inflectional and occasionally derivationally connected forms to 
a common base form. For example, vehicle, vehicles, vehicle’s, 
vehicles’ to vehicle. With one exception, lemmatization is 
comparable to stemming. Lemmatization is the process of 
correctly performing tasks utilizing a term vocabulary and 
morphological analysis, to eliminate inflection marks and 
restore to the base or dictionary form of a word known as the 
lemma. Lemmatization is accomplished in the suggested 
methodology with the help of the TextBlob python module to 
execute simple natural language processing tasks. TextBlob is 
simpler, with many of the same capabilities as NLTK. 

 
 
 

4.3 FEATURE EXTRACTION 
Feature extraction creates a list of objects, aspects, 

characteristics, and opinions, which is a crucial stage in opinion 
mining. Feature extraction is the process of extracting opinion 
statements that contain one or more characteristics, aspects, or 
opinions. Aspect words are usually nouns and noun phrases, 
and their opinion words are adjectives and adverbs. The 
TextBlob library is used to extract features in this proposed 
study. Just necessary terms are left in tweets after the 
preprocessing phase, such as nouns and noun phrases. These 
noun phrases are utilized to figure out who is tweeting. Only 
words with qualities or aspects, such as adjective and adverbs, 
remain after the removal of nouns and noun phrases. As a result, 
these retrieved attributes are sorted into sentiments in the next 
phase. 
 
4.4 SENTIMENT IDENTIFICATION 

The determination of the positive and negative orientation 
of words after feature extraction. To find the sentiments, these 
traits are searched into an opinion word list from the vast 
corpora in the TextBlob Library. The dictionary's positive and 
negative word lists are searched for features. Positive 
Sentiment is applied to the associated feature if the term 
appears in the positive opinion word list. If a word appears in 
the negative Word list, it is associated with a negative feeling. 
If a term does not appear in both word lists, the sentiment is 
regarded as neutral. So, subtracting the negative score from the 
positive score yields the final Polarity Score for the tweet. The 
polarity score is a floating-point number that goes from [-1 to 
1] as shown in Table 1. This polarity score allows us to 
categorize tweets based on their polarity. 
 

Table 1. Polarity and Subjectivity Calculation 
Metric Explanation Scale 
Polarity Text Sentiment -1 to +1 

Subjectivity Measure of text as fact or 
opinion 

0 to 1 

 
4.5 SUBJECTIVITY IDENTIFICATION 
The explanation sentences demonstrate subjectivity. Subjective 
sentences are statements that express a person's feelings about 
a certain topic or subject. Views, claims, wishes, convictions, 
doubts, and guesses are all examples of subjective expressions. 
"I prefer gold color," for example, is a subjective phrase, 
whereas the objective phrase contains facts and has no opinion. 
For example, "this phone's color is gold" is an objective 
sentence. A subjective statement may or may not convey any 
emotion. "I desire a phone with good battery backup," for 
example, is a subjective phrase that expresses no sentiment. 
Using the TextBlob library function, retrieval of the 
subjectivity score for the tweets in the system. The TextBlob 
Library already has a lexicon with word subjectivity scores. 
Modifiers make a term or sentence more subjective. "Very 
Good," for example, is more subjective than "Good." 
Subjectivity is defined as a range of values between [0.0, .0.]. .0 
is a fairly objective value, while 1.0 is a very subjective value. 
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Figure 3. Polarity and Subjectivity Calculation Algorithm 
  
4.6 PROJECT DESIGN 

The Sentiment analysis dashboard design is planned as 
shown in Figure 4 and the details are explained as follows:  

 
  

 
Figure 4. Project Design 

 
1. Topic Generator  

In Power BI, a dataset of search subjects is built, 
which can be updated on-demand or on a regular 
basis. The dataset is refreshed from the source each 
time data is renewed. For the next steps, the 
Refreshed dataset is used as a source. 

2. Data Extractor 
The project will use tweets from Twitter to gather 
the most up-to-date information regarding a search 
query. Python is the programming language used 
for scraping. 

3. Integrator 
Data from Twitter platforms being used in the data 
integration step to create a uniform perspective of 
the data obtained for a search trend. For each new 
data Source connection in Power BI Desktop, a 
Query containing a dataset is produced.  

4. Text Analytics 
The proposed framework's text Analytics module 
does the actual sentiment analysis on the data 
obtained from Twitter posts. 

5. Presentation 
The proposed final phase is presentation. In this 
phase, a dashboard is developed in Power BI with a 
polarity score sentiment metre, a word cloud of the 

most popular words, and a bar graph of several 
emotion categories linked with social media data. A 
sentiment indicator that shows the general 
perception (good or negative) of a popular search 
topic graphically. 
 

5. CONCLUSION 
In this paper, the methodology of development of A 

sentiment analysis using Twitter Data in Power BI is presented.  
The methodology can be served as a reference document for 
professionals, developers or analysts to leverage the 
magnificent of text analytics together with Power BI. This 
particular project work can be modified in the future by 
including more advanced text analytics modules. In an era 
where data is continuously being collected, this project can 
serve as a reference for future developers to build an end-to-
end text analytics application with Power BI to gain valuable 
ideas from the organization’s data and act upon them to 
enhance the whole operations.   
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Abstract — Prediction of crude   palm   oil (CPO) price 
plays   an important role in agricultural economic 
development. In-depth knowledge in both economics and 
the agricultural domain is required. Nevertheless, 
understanding news sentiment feature is also crucial in 
CPO price prediction. This paper aims to propose a CPO   
price  prediction  model with news sentiments to help the 
plantation organizations in the palm oil sector to   
effectively anticipate CPO price fluctuations and managing 
the resources more effectively.  The CPO price behaviour is  
non-linear in nature; thus prediction is very challenging.  In 
this   paper, an   improved version of the recurrent   
network, Long   Short   Term Memory (LSTM) based CPO 
price prediction model with news sentiment was developed 
to produce an enhanced prediction model.  The findings of 
this study showed that the LSTM based forecasting model 
with news sentiment outperformed other models in  
forecasting the CPO price movement.  
 
Keywords — Deep Learning; LSTM; Times series 
Forecasting; Sentiment Analysis 
 
1.     INTRODUCTION 

 Time series forecasting in the evolution of complex 
systems is considered as one of the emerging challenges of 
modern science [1] and likewise, the prediction accuracy using 
multivariate data analysis is better compared to univariate data 
analysis. As crude palm oil (CPO) is one of the most volatile 
commodity, predicting its trend is very problematic, given its 
volatility is dependent on numerous factors.  

 
Although various factors need to be considered in the 

prediction of CPO prices such as prices of other commodities 
and weather attributes such as temperature, rainfall, and 
humidity, the trading world cannot deny the influence of 
financial news, weather news and political news influence on 
CPO price volatility. Therefore, text analytics needs to be 
considered in the design of the CPO price prediction model. 
Text sentiment analysis is predominantly used in merchandise 
online reviews such as books, movies, electronic products, and 
stocks and later, used by researchers to investigate how to 
predict future market movements by mining the information in 
a textual format [2]. 

  
As traditional shallow methods employ a neural network 

that contains only a small number of non-linear operations, it 
cannot accurately model such complex data. Thus this study 
proposed and explored the recurrent network in enhancing the 
CPO price forecasting using LSTM recurrent network for time 
series.  

 
 

2.    METHOD  
John Rollins' framework for descriptive Data Science 

Methodology [3] is adapted in the development of the 
predictive model in this study by undertaking three basic steps. 
First, to understand the question at hand, second, to select an 
analytic approach or method to solve the problem, and third, to 
obtain, understand, prepare and model the data, describes data 
collection and analysis for news sentiment and explaining the 
detailed process of sentiment score calculation. The detailed 
research operation framework for deep learning CPO price 
forecasting model with news sentiments is shown in Figure 1. 
 
 

 
Figure 1: Framework of CPO Price prediction with 

LSTM 
 
     In this phase, the impact of weather news and other 
news on CPO prices using text analytics was analyzed to 
determine if there is a correlation between text sentiment 
and the CPO price. The process began by gathering 
financial news from the Malaysian Palm Oil Board 
(MPOB) news portal and aggregating it into corpus to form 
the news sentiment analysis. Due to the high volume and 
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diversity of data available on the internet, data collection 
and organization was difficult for the researcher to manage 
manually [4]. ‘Web Scraping’ which is a method that uses 
technology tools to automatically extract and organize data 
from the web was used in collecting news headlines [4]. 
Data cleansing includes mapping to lower case, removing 
punctuation, removing numbers, stripping white spaces, 
and stemming, which was performed using R code. 
Sentiment word identification that uses an algorithm that 
counted the number of occurrences of “positive” and 
“negative “words in headline news as proposed by Hu and 
Liu [6] was also used. Based on counting, sentiment scores 
were assigned to relevant sentences. News articles were 
held in memory in the form of a document-term matrix 
with the headline news depicted in rows and terms in 
columns [6],[7]. The sentiment score for each word is 
calculated using SentiNetWord 3.0 which was used as a 
reference in which the sum of total sentiment scores for 
each news headline classified the sentence as either 
positive or negative sentiments. The results of the news 
sentiment score was then compared to the CPO price 
movement, with the total sentiment score of monthly news 
headlines in order to predict the CPO price using LSTM. 
The architecture of the LSTM is described in a diagram in 
Figure 2.0. In a standard LSTM network, the basic entity 
is called LSTM unit or a memory block. Each unit is 
composed of a cell, the memory part of the unit, and three 
gates: an input gate, an output gate and a forget gate. A 
LSTM unit can remember values over arbitrary time 
intervals and the three gates control the flow of information 
through the cell. 
 

 
 

Figure 2.0: Architecture of LSTM 
 

3.  RESULTS 
At the evaluation phase, the forecasting results from the 

LSTM based forecasting model were compared with the other 
methods. The comparison analysis was based on predictive 
performances and the complexity of the models. To check the 
accuracy of predictions, the output results are evaluated via 
applying common statistical error tests, Root Means Square 
Error (RMSE) using the predicted values and the actual data.  

 
When testing the LSTM network with monthly sentiment 

scores and historical time series data of CPO pricing with 
various sliding windows in addition to the forecast horizon 

combination, it was found that sliding window 6 months with 
forecast horizon 1 month outperformed the others with an 
RMSE value of 147.26 as showed in Figure 3.  

  

 
Figure 3:  Performance trends for CPO price forecasting                                       

using news headline sentiment 
 

As such, this showed consistent behavior for the increased 
RMSE with the increasing months to forecast. 

 

4. DISCUSSION  
Analysis of the LSTM network with the news headlines 
sentiment score with various sliding windows and forecast 
horizon combination for CPO price forecasting, shows that the 
6 months sliding windows with forecast horizon one month 
outperformed the other sliding windows option with an RMSE 
value of 147.26. This shows that it takes quite long to react on 
news in the market. This experiment was able to measure the 
sensitivity of the CPO prices on news headline sentiment. Our 
results suggest that the CPO price movement has been 
relatively less sensitive to news shocks in the form of 
macroeconomic news over monthly frequencies between 2001 
and 2018. Overall, the finding shows news sentiments impact 
on CPO prices is small and their effect relatively weak, at least 
compared to the results in the literature on other financial assets 
such as stocks and major exchange rates. The investigation 
demonstrated that the cumulative impact of news headline 
sentiment took six months to have an impact on the CPO price. 
This finding is consistent with other studies conducted on the 
relationship between crude oil prices with news sentiments [8]. 

 
5.    CONCLUSION  

The main conclusion drawn from this study is that the lag 
of six months is the optimal lag time for news headline 
sentiments, (i.e. it takes about six months for the news 
headlines sentiment to have a significant or full impact on the 
monthly price of CPO) 
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diversity of data available on the internet, data collection 
and organization was difficult for the researcher to manage 
manually [4]. ‘Web Scraping’ which is a method that uses 
technology tools to automatically extract and organize data 
from the web was used in collecting news headlines [4]. 
Data cleansing includes mapping to lower case, removing 
punctuation, removing numbers, stripping white spaces, 
and stemming, which was performed using R code. 
Sentiment word identification that uses an algorithm that 
counted the number of occurrences of “positive” and 
“negative “words in headline news as proposed by Hu and 
Liu [6] was also used. Based on counting, sentiment scores 
were assigned to relevant sentences. News articles were 
held in memory in the form of a document-term matrix 
with the headline news depicted in rows and terms in 
columns [6],[7]. The sentiment score for each word is 
calculated using SentiNetWord 3.0 which was used as a 
reference in which the sum of total sentiment scores for 
each news headline classified the sentence as either 
positive or negative sentiments. The results of the news 
sentiment score was then compared to the CPO price 
movement, with the total sentiment score of monthly news 
headlines in order to predict the CPO price using LSTM. 
The architecture of the LSTM is described in a diagram in 
Figure 2.0. In a standard LSTM network, the basic entity 
is called LSTM unit or a memory block. Each unit is 
composed of a cell, the memory part of the unit, and three 
gates: an input gate, an output gate and a forget gate. A 
LSTM unit can remember values over arbitrary time 
intervals and the three gates control the flow of information 
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Abstract — Individuals with depression or depression 
tendency subconsciously use a set of words to express 
themselves. With social medias being the preferred 
platform for expressions and daily life sharing, it can 
provide clues to an individual’s mental well-being. In this 
paper, a model to detect depression in a single tweet using 
content-based features was proposed. Four content-based 
features were extracted from the tweet which are TFIDF, 
keywords, sentiment, and absolute words to classify 
whether or not a tweet has depression tendencies. These 
features were used to train and test five classifiers which are 
Naive Bayes, Random Forest, K-Nearest Neighbour, 
Decision Tree and Gradient Boost. The results  showed that 
Decision Tree has  the highest accuracy of 81% when using 
all four content-based features compared to only 75% when 
using only TFIDF feature. 
 
Keywords — depression detection; classification; feature 
extraction. 
 
1. INTRODUCTION 

Today’s digital lifestyle has frequently been associated with 
the increasing number of depression and other mental illness 
cases. The World Health Organization (WHO) reported that 
there are more than 264 million people of all ages globally 
affected by this illness [1]. There are a lot of individuals who 
have resorted to social media in expressing and sharing their 
emotions and feelings. The ability to hide behind their social 
media accounts allow them to freely express themselves 
without judgements. An existing research has recognised that 
posts about stress and depressive symptoms are common on 
Facebook profiles [2]. There is also a more recent study that 
shows how social media can reveal the depression and 
secondary trauma of Wuhan residences after the coronavirus 
outbreak [3]. Another study reported whereby prior to 
committing suicide, a Twitter user has been tweeting 
suggestions of suicide immediately prior to the suicide 
occurring [4]. 

Several studies have examined references to depression on 
social media to better understand the information being shared 
and discussed. One method of early detection of depression as 
demonstrated by De Choudhury et al. [5] in their work is by 
using text mining where they have used tweets to detect 
depression. By studying the choice of words used by 
individuals on social medias, it is possible to understand their 
emotion at the time of writing and consequently detecting if 

there are any underlying psychological problem. Seabrook et al. 
[6] in their study found that negative emotion word variability 
can indicate different severity level of depression across 
different platform of social media. Another study by Mowery 
et al. [7] showed that the usage of Decision Tree and Random 
Forest combined with keywords can detect depression better as 
compared to using keywords alone. De Choudhury et al. [8] in 
another study, have also developed a probabilistic model 
trained on a corpus of Twitter postings to determine whether 
the Twitter posts could indicate depression. 

In this study, the writing style and word usage of an 
individual in a single tweet were used as features in training the 
detection model. Five classifiers were experimented which are 
Naive Bayes (NB), Random Forest (RF), K-Nearest Neighbour 
(KNN), Decision Tree (DT) and Gradient Boost (GBM). 
Previous works in detecting depression often looks at 
determining depression on an individual based on a series of 
tweets. Contrary to that, this study looks at the possibility of 
detecting depression based on a single tweet. This is so that if a 
tweet has a depressed tone, then only there is a need to monitor 
the user. The contribution of this study can be summarised as 
the approach of using content features in better detection of 
depression tweets as well as investigating and reporting 
different classifiers in detecting depression in single tweets. 

The rest of this paper is organized as follows: Section 2 will 
discuss existing studies related to this work. Section 3 details 
the methodology used in this study including the data 
preparation, feature extraction and classification tasks. Section 
4 will then present and discuss the experimental results. Finally, 
section 5 will conclude the work and suggest future directions.  
 
2. RELATED WORKS 

The writing styles and word usage of individuals with 
depression tendencies is different as compared to individuals 
without depression. One of the most notable word usage by 
depressed individuals are the usage of first-person singular 
pronoun. In several studies [7], [9]-[11], depressed individuals 
have demonstrated an increased focus on themselves whereby 
first- person singular pronouns such as ‘I’ and ‘myself’ were 
used heavily. Depressed individuals were also found to use a 
lot of words that describe their feelings and emotions [5], [8], 
[11]-[13]. 

Individuals with depression tendencies also often used 
words directly associated to depression itself such as its 
symptoms [13]-[15]. Words related to illness in general are also 
regularly used such as ‘illness’, ‘meds’, ‘pills’, and ‘pain’ as 
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well as words associated to low moods (e.g., ‘lonely’, ‘sad’, 
‘crying’) [9], [16]. Depressed individuals were also found to 
frequently use words that shows low interest and 
discontinuation of activities [9], [16]. 

Absolute words are another common type of words used by 
depressed individuals [17]. Absolute words such as ‘really’, 
‘always’, ‘totally’, ‘never’ and ‘entire’ are words that 
demonstrates totality either of magnitude or probability. It is 
found that individuals with depression tendencies used 
sentences such as ‘This always happens to me’, ‘I will never 
succeed’ or ‘This is totally my fault’ a lot more frequently than 
normal individuals [17]. 
 
3. METHODOLOGY 

In developing a model to detect depression based on a single 
tweet, four content-based features which are TFIDF, keywords, 
sentiment, and absolute words were trained and tested using 
five different machine learning classifiers. Figure 1 shows the 
components of the classification model. 

 

 
 

Figure 1: Components of the classification model 
 
3.1 Data Collection 

The dataset for this study was collected by crawling tweets 
that contained keywords related to depression using the Twitter 
API. There were 1,625 direct tweets whereby 700 tweets were 
then randomly selected to be manually labelled by a registered 
counsellor with experience in mental health issues. 

 
3.2 Data Pre-Processing 

All 700 tweets in the dataset were pre-processed to remove 
emojis, stop words and punctuations except for apostrophes, 
and personal pronouns. Noise was also removed including 
tweet handles, URL link, mentions and non-alphanumeric 
characters. Natural Language ToolKit (NLTK), an open-source 
Python library used for text processing, was then used for 
tokenization using its Tweet tokenizer. Finally, case conversion 
is performed whereby all data are converted to lower cases. 

 
3.3 Feature Extraction 

In this study, four features were extracted from the data 
which are TFIDF, keywords, sentiment, and absolute words. 
The details of each feature are as follows: 

a) TFIDF: The content of the tweets was vectorised using 
term frequency inverse document frequency (TFIDF). 
Compared to Bag of Words, TFIDF reduces feature 
dimension effectively and highlights the importance of a 
word in relation to the dataset [18]. 

 
b) Keyword: Six categories of words often used by 

depressed individuals relates to (i) emotions, (ii) feelings, 
(iii) depression, (iv) depression related topics, (v) 
absolutism and (vi) point of view [19]. In this study, words 
from categories (i) to (iv) were compiled as a depression 
lexicon. The tokenized tweets were then compared with 
the lexicon. If at least three tokens from the tweets 
matches the keywords in the lexicon, the feature value is 
set to ‘1’, else, it is set to ‘0’.  

 
c) Sentiment: VADER (Valence Aware Dictionary for 

sEntiment Reasoning) lexicon [20] was used to analyse 
the sentiment intensity of each tweet. If the compound 
score is less than zero, the tweet will be considered as 
negative, and the feature value is set as ‘1’. If not, the 
feature value is set as ‘0’. 
 

d) Absolute Words: To detect absolutism in a tweet, the 
Python Package Index (PyPI) was used to install the 
absolang package. Using the package, a tweet is 
considered absolutist if the index is greater than 1.1%. If 
the tweet is labelled as absolutist, the feature value is set 
as ‘True’, else it is set as ‘False’. 

 
Table 1 summarises all four features including the possible 

values and their description. 
 

Table 1: Summary of the feature matrix, value, and 
description. 

Feature Value Description 
TFIDF Numerical Highlights the importance of a 

word in relation to the tweet 
Keywords 1 At least three token matches 

keywords in depression lexicon 
0 Less than three token matches 

keywords in depression lexicon 
Sentiment 1 Overall tweet sentiment is 

negative 
0 Overall tweet sentiment in 

positive or neutral 
Absolute 
Words 

True Absolutist index is greater than 
1.1% 

False Absolutist index is less than 
1.1% 

 
3.4 Classification 

Five different machine learning classifiers were used to 
train and test all 700 tweets which are Naive Bayes (NB), 
Random Forest (RF), K-Nearest Neighbour (KNN), Decision 
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Tree (DT) and Gradient Boost (GBM). Since the amount of 
tweet is small, NB has an advantage as it only requires a small 
amount of training data. However, DT works well with many 
features to produce a sequence of rules to classify the tweet. RF 
on the other hand, fits several DT to reduce overfitting. KNN is 
advantageous with noisy data but can be less effective with 
small training data. GBM improves and minimize errors in data 
but is prone to overfitting. In this study, all five classifiers were 
experimented to find the classifier with the best result for this 
model. The data split for training and testing was set to 80 and 
20. 
 
4. RESULT 

The result of using content-based features in classifying 
depressive tweets was evaluated by conducting two 
experiments. The first experiment used only one feature which 
is TFIDF while the second experiment used all four content-
based features. The data is then split to 80 and 20 for training 
and testing purposes before classification is performed using 
NB, RF, KNN, DT and GBM. The expected label for both 
training and testing data in both experiments is either 
depressive or non-depressive which are represented with ‘1’ 
and ‘0’. 

The evaluation metrics used in evaluating the results of the 
classifiers are accuracy, precision, recall and F-score. Even 
though NB requires only a small amount of data, the evaluation 
measures of the classifier is average with 75% accuracy, 77% 
precision, 72% recall and 73% F-score. As for RF, the accuracy 
and F-score are the same with NB. However, the precision is 
only 76% but the recall is 73%. Out of all five classifiers, KNN 
does not perform well using only the TFIDF feature whereby 
the accuracy and F-score are 67% while the precision and recall 
are 69%. The performance of DT is also average with an 
accuracy of 75% and the precision, recall and F-score of 74%. 
Using only the TFIDF feature, GBM performs the best with 
accuracy, precision, recall and F-score of 79%. 

To investigate the effect of adding keywords, sentiment, 
and absolute words features on depression classification, the 
second experiment combines both the text and non-text features 
of the tweet. The text feature was again vectorised using TFIDF 
while all non-text features were encoded to binary numbers. 
There was an increase in the evaluation measures for all 
classifiers except for GBM when all features were combined. 
The evaluation measure for NB shows little improvement with 
76% accuracy, 78% precision and 74% for both recall and F-
score. RF also shows little improvement whereby the increase 
is only 1% or 2%. The usage of all features showed a much 
better improvement in KNN whereby the accuracy and F-score 
are now 70% with 71% precision and 72% recall. Significant 
improvement was seen in DT whereby all the evaluation 
measures increased to 81% which is the best score seen in both 
experiments. Table 2 summarised the result. 

After conducting both experiments, the inclusion of 
content-based features in classifying single tweets as 
depressive and non-depressive is seen to improve the accuracy 
of the model. Although the improvement in precision and recall 
is little, the results showed that with the additional features, 

Type I and Type II errors were reduced. Type I is false positive 
that means the number of tweets that are labelled as depressive 
but are predicted as non-depressive.  

On the other hand, Type II is false negative that is referred 
to the number of tweets that are labelled as non-depressive but 
are predicted as depressive. These two errors are reduced by 
using all classifiers except GBM. Using content-based features 
reported in literatures have proven to be beneficial in the 
development of the depression detection model in this study. 

 
Table 2: Evaluation measures for all classifiers using different 

set of features. 
Classifier Feature Accuracy Precision Recall F-Score 
NB TFIDF 0.75 0.77 0.72 0.73 

All 0.76 0.78 0.74 0.74 

RF TFIDF 0.75 0.76 0.73 0.73 

All 0.76 0.78 0.74 0.74 

KNN TFIDF 0.67 0.69 0.69 0.67 

All 0.70 0.71 0.72 0.70 

DT TFIDF 0.75 0.74 0.74 0.74 

All 0.81 0.81 0.81 0.81 

GBM TFIDF 0.79 0.79 0.79 0.79 

All 0.79 0.79 0.79 0.79 

 

 
Figure 2: Comparison of the accuracy of all classifiers using 

different set of features 
 
Figure 2 clearly illustrates the effect of including content-

based features to the accuracy of the classifiers. NB, RF and 
KNN shows small improvement while GB was stagnant. 
However, DT shows significant improvement resulting it to be 
the best classifier to be used in the classification model. The 
result of this study shows that it is possible for a single tweet to 
be classified as depressive and non-depressive with acceptable 
evaluation measures. 
 
5. CONCLUSION 

Individuals with depression or depression tendency 
frequently use certain types of words in their text such as words 
that describe emotions and feelings as well as words related to 
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depression. Therefore, it is possible to gauge whether an 
individual tends to be depressed just by evaluating a single 
tweet from them. This paper proposed a depression detection 
model that can classify single tweets as depressive or non-
depressive by exploiting four content- based features which are 
TFIDF, keywords, sentiment, and absolute words. These 
features were trained and tested using five machine learning 
classifiers which are NB, RF, KNN, DT and GBM. From the 
experiments, DT resulted as the best classifier for the model 
with an accuracy of 81% when all features were selected. This 
is 6% higher as compared to using only the TFIDF feature to 
classify the tweets. 

Although RF and GBM could have produced a better result, 
the small amount of training dataset made the classifiers less 
effective. Therefore, as a possible future work, the dataset 
should be made larger with even more tweets classified by 
experts. The result presented in this work proves that single 
tweets can be classified as depressive and non- depressive. This 
work can be extended further by identifying depressive 
individuals and investigate the number of depressive single 
tweets posted by them over a period.  
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Abstract — Dengue fever or also known as break bone fever 
is caused by mosquito infections. A dengue fever may lead 
to severe flu-like illness and may even be fatal in some cases. 
Severe manifestations occur relatively late in the disease 
course to identify the group of patients likely to progress to 
these complications. However, the cases seen each day 
during outbreaks remain challenging, simple and 
inexpensive strategies are urgently needed in order to 
improve case management and to facilitate appropriate use 
of limited resources. In this study we will predict dengue 
cases for the state based on the week of year and the climate 
data. We also use 4 types of models which are Naïve Bayes, 
Simple Exponential Smoothing, Holt’s Winter Seasonal 
Model and LSTM to choose the best model for this project 
by comparing the RMSE. Experimental results indicated 
that the LSTM model (RMSE: 131.457) has a superior 
prediction capability. The study could help the government 
agencies and hospitals respond early to dengue fever 
outbreak. 
 
Keywords — Dengue; Machine Learning; LSTM Model  
 
1. INTRODUCTION 

A dengue fever can bring about varying levels of disease 
symptoms from mild to severe or worst still, even fatal 
conditions. Mild symptoms of dengue are such as muscle and 
joint aches, nausea, vomiting, fever and so on [1]. However, 
severe cases may result in shock, internal bleeding and even 
death. It is also discovered that about 1 in every 20 people who 
are down with a dengue fever will develop severe dengue. It is 
also reported by WHO that the number of deaths caused by 
dengue fever has reached 5.2 million in the year of 2019 [2]. 

 A dengue fever is induced by a simple mosquito bite from 
a specific species of female mosquito namely the Aedes 
mosquito. There are 4 viruses present in this mosquito that will 
be injected into the victim’s bloodstream and this will cause the 
victim to fall sick. Despite the years of research, there isn't 
much of a solution for dengue fever. There is no proper 
vaccination rolled out and this disease is of no cure.  

Many dengue prediction models have been developed using  
different data sources and different methods. The data use in 
constructing the models included dengue cases data, 
meteorological data, media data (density of mosquito vector) 
and social factors data. Among them, meteorological data is an 
important factor for prediction models to dengue outbreaks [3-
7]. 

However, the cases seen each day during outbreaks remain 
challenging, and simple and inexpensive strategies are urgently 
needed in order to improve case management and to facilitate 
appropriate use of limited resources. They focus particularly on 
the clinical features of the disease and on conventional 
investigations that are usually accessible in mid-level 
healthcare facilities in endemic areas, and then discuss a variety 
of viral, immunological and vascular biomarkers that have the 
potential to improve risk prediction. 

The aim of this study is to find a better prediction model for 
estimate and predict the dengue spread. Therefore, we proposed 
the usage of climate data together with the number of dengue 
cases in constructing the prediction model using Machine 
Learning Model. These dengue cases are predicted based on 
environmental such as, the changes in temperature, 
precipitation, humidity, and more. The purpose of these 
prediction analysis is for the people of the affected area to be 
able to prepare themselves and take precautions. Not only that, 
an understanding relationship between this disease and the 
contributing environmental factors can help further 
improvements of research initiatives to curb this life-
threatening pandemic that has been going on for years now. 
With the help of data driven technology, we hope to fight this 
dengue disease. Besides that, we also aim to contribute to the 
SDG 3 - Good Health & Well-Being by carrying out prediction 
analysis. 
 
2. DATA PREPARATION 

The data is obtained from two sources. First, the weekly 
dengue case data is the data from Ministry of Health which is 
available at Portal Terbuka Malaysia, which contains weekly 
cases for all state from 2010-2017. The second source is the 
weather data that is downloaded from Visual Crossing website, 
which contains daily weather data from 2010 until 2017. The 
weather data reading is obtained from Sultan Abdul Aziz Shah 
International Airport in Subang. The weather data contains 
temperature, humidity, and precipitation, which is regarded as 
the factors that affect dengue transmission [7][8]. 

The attributes for the historical dataset are:  
a. Total Case 
b. Max Temperature 
c. Min Temperature 
d. Average Temperature 
e. Average Precipitation 
f. Wind Speed 
g. Wind Direction 
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h. Visibility 
i. Cloud Cover 
j. Average Relative Humidity 

 
Exploratory data analysis (EDA) is used in this study to 

investigate the dengue dataset and to summarize the important 
and main characteristics as well as applying data visualization 
methods. This helps us to better understand the dengue dataset 
and the factors that are affecting the target attribute which is 
total cases of dengue. EDA helps us discover patterns, spot 
anomalies, and check for assumptions. EDA is primarily used 
to see how and what the data can reveal beyond the formal 
modelling and hypothesis testing which eventually leads to a 
better understanding of the dataset variables and correlations of 
the attributes between each other. 

The next step in the EDA process is to handle outlier data. 
Outlier analysis is a process that involves anomalous 
observation with our dataset. Figure 1 shown the box plot that 
will be used to illustrate graphically depicting groups of 
numerical data throughout their quartiles. The box of the box 
plot data usually extends from the first to the third quartile (Q1 
– Q3) and a line will be plotted within the box at the value of 
the median (Q2).  Then there are whiskers that extend from the 
boxes to show the range of data. Boxplots not only show outlier 
values but also shows the information regarding symmetry. 

 

 

 
Figure 1: Shows outlier analysis in dengue dataset. 

 
A correlation matrix is a table that shows the correlation 

coefficients between variables. This matrix table is used to 
summarize data as to put input into a more advanced analysis 
to see patterns, for example how strongly they correlate with 
each other. The correlation matrix obtained by using our 
dengue dataset is represented in the Figure 1, it can be deduced 
that the temperature data are mostly strongly correlated with 
each other. 
 

 
Figure 1: Correlation matrix of dengue dataset 

   
3. MODELING AND EVALUATION 

The first step is to remove an irrelevant attribute, which is 
the Week Start Date, as it will not be used for the LSTM later. 
Next, we rename the columns to remove space in the column 
names (such as “Total Case” to “total_case”).  
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Second step is to define a function that will convert the time 
series data into a supervised learning dataset [6]. This means a 
new column is created which contains the Total Cases data for 
the next time step. Figure 2 shown the code. 

 

 
Figure 2: The code to define the series_to_supervised function 

to prepare data for LSTM 
 

Then, the normalization of dataset to a range of 0 to 1. This 
is done using the LabelEncoder to normalize labels into values 
between 0 and n-classes and the MinMaxScaler package to 
normalize the values in data frame. After that, the 
series_to_supervised function was declared earlier to convert 
the normalized dataset into supervised learning dataset.  

The next step is fit the data into the LSTM model. There are 
332 train data (which is roughly 80% of total data) and assign 
this into variable n_train_hours. Finally, the input is reshaped 
into 3-dimensional shape consisting of sample, timesteps, and 
feature. 

The following is the code to fit the model and plotting the 
loss of train and test set. For the LSTM, 50 neurons are used in 
the first hidden layer and 1 neuron is used for the output layer, 
to replicate the experiment done by Brownlee [5]. Moreover, 
50 epochs with 72 batch sizes are used for training. Figure 28 
shows the graph of the train and test loss over 50 epochs. 

 

 
 
Figure 4: The code to define the LSTM model and its 

hyperparameter for training and testing 

In addition, the next step is to calculate the RMSE of this 
model. First, the model scale must be inverted as the current 
value is normalized in values between 0 and 1. Once done, 
RMSE is calculated. The RMSE for this model is 131.457. 

Finally, the graph for the prediction for the test set is plotted. 
The results show the model can predict the dengue case. 
Although the prediction is still off the actual value, as most 
predictions are either lower or higher than the actual value, it 
still manages to predict the jump or fall in the total case, as 
shown in the graph. 

 
 

Figure 3: The graph showing the train and test loss over 50 
epochs. 

 
Figure 4: The graph of the actual and predicted cases of the 

test set. 
 

In addition, the next step is to calculate the RMSE of this model. 
First, the model scale must be inverted as the current value is 
normalized in values between 0 and 1. Once done, RMSE is 
calculated. The RMSE for this model is 131.457. 
Finally, the graph for the prediction for the test set is plotted. 
The results show the model can predict the dengue case. 
Although the prediction is still off the actual value, as most 
predictions are either lower or higher than the actual value, it 
still manages to predict the jump or fall in the total case, as 
shown in the graph. 
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Table 1: RMSE of Prediction Model 
 

Model RMSE 

Naive Bayes 217.21 
Simple Exponential Smoothing 243.90 

LSTM 131.457 

Holt’s Winter Seasonal Method 245.33 

 
According to the table above, in terms of RMSE, the best 

model from the four models that we test are LSTM, with RMSE 
of 131.457 compared to the second highest which is 217.21 
(Naive Bayes). One possible explanation of why LSTM 
performs the best is due to its capability to store long-term 
memory which is used to predict the next point in the prediction. 
Besides, it is a neural network, so it can continuously tune its 
result during the training in the 50 epochs.  

Moreover, according to the plot graph of this mode on the 
test set, it shows that it manages to closely resemble the actual 
values of the graph. This is important, as even though the value 
is off and not accurate, it can predict that the outbreak 
(significant rise of cases) will occur so relevant can use this data 
to take necessary actions to curb the dengue cases. 

4. CONCLUSION 
This study has several limitations. First, the weather data is 

only obtained from a single weather station, despite Selangor 
contains many other weather stations. Therefore, the current 
weather data might not reflect the whole state as the weather at 
different stations might be different. Second, our method for 
converting data from daily readings to weekly might also not 
be the same with the actual date that is being used by the 
Ministry of Health (MOH) when publishing this data. For 
instance, for each year, we calculate from the first day (1st 
January) but the MOH might use the Monday (for example, this 
could be on 3rd January) as the beginning of the week. Hence, 
inaccuracies might occur due to this. Besides, there is nothing 
specified by MOH in the dataset description that we can use as 
a guide for conversion 

For future works, first, we will obtain weather data for more 
weather stations for each state and averaged that data to get a 
more accurate data. In addition, we can expand this study to not 
only dengue cases in Selangor, but also to other states. 
Moreover, we can also try to get the data for cases by districts 
instead of by state. Besides, feature selection can be applied to 
select the best set of features that are used for the modeling. 
This will improve the results of our algorithms as only the 
significant features are being used. 
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Abstract — Big data are large volume of data that are 
generated in the form of text, image, sound and video. Tools 
are required to handle these data but due to the fast growth 
of data volume, traditional tools had struggled to deal with 
the large data volume. Nowadays, there are various type of 
tools that can be used to handle big data ranging from data 
collection, big data storage, data cleaning tools, data 
visualization tools, data mining and analytic tools. These 
tools can be found in open source and license software. This 
paper will present a view into the tools for big data and 
analytics. 
 
Keywords — Big Data; Data Storage Tools; Analytic Tools 
 
1. INTRODUCTION 
The term Big Data refers to a set of large and complex sets of 
data which cannot be processed by using tradition method due 
to the complexity of the data. Big data are usually required to 
be analysed to be able to get its value. Its value ranges from 
trends, pattern or anything that are related to the behaviour of 
people or consumer [1]. 

Throughout time, the volume of data and the efficiency of 
processing the data had grown rapidly. Data are generally 
collected in two form, structure and unstructured data. Structure 
data are the data that has a define format and can be store easily 
with a high level of organization. This can allow the data to be 
analysed easily. A structured data usually came in the form of 
organized data obtained from an organization such as relation 
database in the form of structured query language SQL which 
contain numbers, date and time [2]. 

Unstructured data are data that are not arrange in a fixed 
predefined manner. Unstructured data required pre-processing 
in order to be stored in a format that can be analysed easily. The 
examples of unstructured data are email, survey question and 
social media data such as tweets, post comments, etc [3]. The 
unstructured data are strongly linked to the “Big 3 Vs” of big 
data which are Volume, Velocity and Variety. Most of the data 
used in modern data science application are unstructured [4]. 

Due to the large number and complexity of the data, 
organizations has been looking for solution to solve this 
problem. Nowadays, there are a lot of tools developed for big 
data solutions with each tools specialize with each roles and 
every tools has potential to bring a lot benefits an organization. 
However, not all big data tools are open source or free of charge. 
So smaller organization or start-ups that will have a hard time 
choosing a big data tools to use due to cost constraints. The 
purpose of this study is to review some popular big data tools 

to provide an overview on the functions each big data tools 
provide. 

 
2. THE 3 VS OF BIG DATA 
The first V is the Data Volume which stands for the amount of 
data that are available to an organization. The organization does 
not require to own the data as long as they have the access. The 
more the volume of the data, the smaller the value difference in 
the data such as age, wealth, gender and etc [5]. Figure 1 below 
shows the growth of data every in zettabytes. 

 
Figure 1 Data Volume Growth by Each Year 

The second V stands for Data Variety. Data Variety is used 
to measure the variation of data such as structured data, 
unstructured data and different data format [5]. The biggest 
challenge to data analyzing is the variety of data as there will 
be a lot of data variant which can sometime cause inconsistency 
which will impact the outcome of analysis. 

The third V stands for Data Velocity and it represent the 
speed of the data is processed [5]. For example, the social media 
giant like Facebook and Twitter handle approximately more 
than 900 million photo per day. While generating high velocity 
data at such paces, a distinct process of techniques is often used 
to handle the large volume of data. 

3. BIG DATA TOOLS 
Handling big data can be very difficult as big data is constantly 
increasing in size from a few GB (Gigabytes) to many PB 
(Petabytes) of data. The sheer size and amount of data cause 
problem in storage, searching, sharing, visualizing and 
analytics. Hence there are some advance techniques which are 
applied on big data sets [6]. There variety of tools which can 
help us apply the advance techniques on big data. There are 
several types of tools that can be use in big data analytics with 
some tool can do multiple functions while some tools excel in 
specific jobs as shown in Table 1. 
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Table 1: The Uses of Big Data Tools 

Big Data Tools Description 
Data Collection and extraction tools Use for collecting data and has the ability to selective collection or 

scrape entire webpage for data collection. 
Data Storage tools and framework Use for storing data in database. Some tools may have some analytic 

and visualization capabilities. 
 

Data cleaning and Validation tools Use to validate data and clean up the data to speed up analysis process. 
Data Mining Tools and Data Analysis Use for analytic process. Most of the tools has advance analytic 

capabilities such as machine learning and neural network. 
 

Data Visualization 
Tools 

Use for visualizing data. This tools offered a lot of visualization option 
for finding insight in data. 

Table 2: Example of Big Data Tools 

Data Collection 
and extraction 
tools 

Data Storage 
tools and 
framework 

Data cleaning and 
Validation tools 

Data Mining 
Tools and Data 
Analysis 

Data Visualization 
Tools  

SAS Sentiment 
Analysis 

Hadoop Rapid Miner 
 

SAS Tableau 

Opinion Crawl MongoDB Winpure 
Clean&Match 

IBM SPSS 
Modeler 

Power BI 

Octoparse Apache Spark  R Programming Qlik Sense 
Scraper   Python  

While there are a lot of tools offer in the market, we select a 
few tools that are often used by big and small organization for 
review as these tool offer the best functions for the value they 
offered. Table 2 shows some of the popular big data tools we 
choose to review.  Tools such as Rapid Miner and Python can 
do multiple functions, and we categorize the tools based on the 
best function they can provide. 

4. DATA COLLECTION AND EXTRACTION TOOLS 
Data collection and extraction tools are the fundamental parts 
in big data. These tools are used to collect huge amount of data. 
There are 2 types of method in collecting big data which are 
data collection and data extraction. Data collection is collecting 
data from a source without a specific target while in vice versa, 
data extraction is the process to collect data in a specific subset. 
In modern times, most data gathering tools can do both jobs. 
There are 4 prominent data collection tools which are used i.e. 
SAS Sentiment Analysis, Opinion Crawl, Octoparse and 
Scraper. 
 
SAS SENTIMENT ANALYSIS 
SAS Sentiment Analysis is a tools that can extract sentiment in 
real time. It uses the combination of statistical modelling to 
perform its task. There are automated built in report to show 
various pattern and can help user evaluated and refine their 
model. 
 
 

OPINION CRAWL 
Opinion Crawl is an online sentiment analysis tools which can 
be used to evaluate the web sentiment of a particular topic. It 
can provide a detail report to user such as providing a pie chart 
which shows the real time sentiment. This can allow the user to 
derive the sentiment in positive way or negative way. 
 
OCTOPARSE 
Octoparse is a tool use for information extraction such as web 
locomotion, information locomotion and information scraping. 
The highlight of Octoparse is its internet scraping tools can 
scrap the complete net into structured format. 
 
SCARPER 
Unlike Octoparse, Scraper is a Chrome extension tools which 
can be useful for creating online analysis and exporting 
information to Google spreadsheet despite its restricted 
extracting capabilities. Scraper can be a beginner friendly as it 
can simply copy the information to the spreadsheet exploitation. 

5. DATA STORAGE AND FRAMEWORK 
The collected and extracted data which can be in the form of 
unstructured or structured data need to be stored in databases 
which can accommodate big data as the extracted data will 
come in huge volume. The data storage usually comes with a 
framework which can be used as analytic tool to fetch and 
process the stored data. 
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APACHE HADOOP 
Apache Hadoop or known as Hadoop is a technology design to 
process big data in the form of structured and unstructured data 
in huge volume. It is an open source platforms which 
exclusively use batch processing in the processing framework. 
Hadoop was influenced by Google Map Reduce which is a 
program that is divided in small parts known as fragment. The 
fragment can be execute on any system in the form of cluster. 
There are a lot of component in Hadoop which worked together 
to execute batch data.  
 
APACHE SPARK 
Apache Spark is an open source big data storage tools with 
stream processing capabilities developed by AMP science 
laboratory at UC Berkley [7]. It is engineered using several 
similar principle of Hadoop’s MapReduce engine. The focus of 
Spark is to speed up the process and instruction execution of 
workload by using full in-memory computation and processing 
improvement. These improvements enable us to do In-memory 
analytics with 100 times faster speed than Hadoop while also 
compatible with Hadoop storage.  
 
MONGODB 
MongoDB is a database written in C++ and the database of 
MongoDB is based on JSON document. Unlike Hadoop and 
Spark, there is no predefined format such as table in MongDB 
as it stores data in the form of BSON documents which are 
binary encoded JSON. MongoDB is engineered to store and 
retrieve information by using NoSQL. MongoDB uses 
document format for storage of its records.  

6. DATA CLEANING AND VALIDATION TOOLS 
Data cleaning and validation is the stage where data are passed 
through validation rules to confirm the necessity and relevance 
of the extracted data for analysis. Data cleaning tools can be 
very helpful as they can speed up the cleaning process. Data 
cleaning can also improve the computation speed while doing 
data analysis. 
 
RAPIDMINER 
RapidMiner is a tool mainly used for predictive analysis. We 
can also build our own algorithm for predictive analysis which 
can be fed into RapidMiner using its API [12]. RapidMiner has 
a graphical interface and drag and drop function which does not 
require any programing knowledge. By using Rapid Miner, the 
data can be cleaned and transformed by using the data cleaning 
operator in Rapid Miner. 
 
WINPURE CLEAN AND MATCH 
Winpure Clean and Match is a data cleaning and data 
duplication software that can be used to clean mailing list, 
spreadsheets and database. It is a powerful and easy-to-use 
application which has 3 sections (DATA, CLEAN, MATCH). 
The DATA section contains the function to import 1 or 2 list, 
the CLEAN section has the module that can be used for list or 
data cleaning and the MATCH module contain the function of 
matching and duplication. Winpure Clean and Match can be an 

invaluable tool as it is easy to operate and has a huge array of 
data cleaning capabilities. 

7. DATA MINING AND DATA ANALYSIS TOOLS 
Data Mining is a process of detecting anomalies, pattern and 
correlation in a large dataset. It is usually done by organisation 
to increase revenue, cut cost, improve customer relationship, 
reduce risk and more. Data analysis is the process of modelling 
data to help an organisation in deriving conclusion and forming 
decision. Some programming language such as Python and R 
has open source library which contain packages to perform 
various analytic task ranging from data extraction to data 
analytic. This can be a huge advantage to an organization or 
individual who are looking for cost saving option on big data 
tools. The only drawback is that these programming language 
does not have the abilities to store big data like the big data 
framework and they require some programming knowledge to 
access it full potential. 
 
SAS 
SAS is a programming language developed at the North 
Carolina State University and it was primarily develop to be 
able to analyse large quantity of agriculture data. SAS is also 
proved to be useful for advance analytic, business intelligence, 
data management and business intelligence. SAS use Proc SQL 
which can be easy to learn for user who are familiar with SQL. 
 
SPSS 
SPSS is a statistical programming language which can be used 
for data analysis and machine learning. It can be used by large 
enterprise to perform data analysis and data mining. It provides 
a vast variety of function such as text analytics, decision 
support management, data optimization techniques, entity 
analytics and more. It can combine with open source based 
algorithm such as Python and R. 
 
PYTHON 
Python is a programming language that was developed during 
the early 90s and it is an easy to learn general-purpose 
programming language [8]. Python popularity has grown in the 
field of data science recently due to the world moving towards 
the Fourth Industrial Revolution (IR4.0). Python has been 
applied into wide ranges of application such as YouTube, 
Instagram, Facebook, Dropbox and other areas. This is due to 
the package that comes with Python such as Artificial 
Intelligent package that can be helpful in the field of data 
science. The huge advantage of Python is that it is an open 
source tools which can be useful if an organization is looking 
for cost saving data analytic tools. 
 
R PROGRAMMING 
R is a language that is developed originally for statistician to 
analyse problem and foresee the comparable in the syntax [9].  
There are scientific calculation contained in the language which 
can be used with machine learning and deep learning 
application that are derived from statistics. Similar as Python, 
R is also an open source which also has a huge libraries of 
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packages developed by the community. It can also be an option 
for cost saving as the packages in the library also capable of 
doing task ranging from data collection to visualization. 

8. DATA VISUALIZATION TOOLS 
Data visualization is a process to transforming the hard to 
understand data into the good and understandable visualization 
to communicate the intelligence of the data to the targeted 
audience. It is crucial that the data visualization tools have the 
ability to process and display data in an understandable fashion 
as the targeted audience are not the expert in specific field. 
There are a lot of data visualization tools to choose in the 
current market. Some of the most popular data visualization 
tools are Tableau, Qlik Sense, and Power BI as they offer great 
data visualization. 
 
TABLEAU 
Tableau offers good visualization functionality which can be 
utilized in the field of data visualisation and business 
intelligence. It is an easy to use visualization solution which has 
a drag and drop function which can be useful for user without 
technical knowledge [10]. Tableau also has some analytic 
function if user wanted to use it. It also has plugin that enable 
user to connect to other cloud-based big data storage such as 
Amazon AWS. 
 
QLIK SENSE 
Qlik Sense is a data visualization tools that can provide real 
time and interactive analysis while developing report and 
building dashboard [10]. It also provide data manipulation 
function and data modelling. Qlik Sense also has associative 
data model to enable unique data analysis to be conducted and 
showcased to business users. 
 
POWER BI 
Power BI is a business intelligence tools that can provide fast 
analysis for decision making through the superb visualization 
provided by the tools. Power BI is backed by a large list of 
visualization in the front end layer which makes it a good 
choice for non-technical user as they can pick up the tools in a 
short learning curve [11]. 
 
9. CONCLUSION 
Based on the overview of some of the big data tools presented 
in this paper, different scenarios will require different tools to 
address the problem. For example, a big data storage will be 
required for storing huge volume of data an needs to be 
supported by the design of the tools for its various form of data. 
Financial constraint must be also taken accounted when we 
choose which tools to use as not all tools are open source. While 
all open source tools are free of charge, they usually require 
some degree of technical knowledge to bring it to its full 
potential unlike license software which are easier to learn or use 
compared to open source. 
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Abstract — Dashboard is a method of displaying data in the 
form of graphics, diagrams, and ease reading of data. In a 
dynamic view, system dashboard can provide a new 
experience in observing data values. User centric on the 
other hand, is based on an explicit understanding of users, 
tasks, environments and driven by user centred evaluation. 
It addresses the whole user experiences. The process 
involves users throughout the design and development 
process. This study combines the use of dashboard 
visualization and user centred design as user-centric 
visualization dashboard to facilitate both sellers and 
customers. Aim is to find similarity point of supply and 
demand. Sellers need to know what to offer to the customers 
while online food hunters need updated information in 
terms of food menu, peak hours, predicted preparation 
time, delivery services and most importantly the scores data 
rated by previous customers. The objectives of this study 
are to identify important elements to be included in food 
dashboard, design a web-based user-centric visualization 
dashboard for food market focusing Kuching district and 
propose a food visualization dashboard. Questionnaires 
and observations were used as study measures. Participants 
selected were amongst the food sellers and food hunters in 
Kuching district. Study’s outputs are dashboard designs 
and proposed model for food dashboard. The proposed five 
core elements in food dashboard design satisfy both 
disciplines of data analytics and human computer 
interaction.      
 
Keywords — dashboard; visualization; user centred design  
 
1. INTRODUCTION 

Business intelligence is an interactive visualization method 
that gathers, stores, analyses and provides data access to help 
online users making better decisions. Three functions of 
business intelligence used in this study are reporting, online 
analytical processing and simple predictive analytics which are 
displayed on a dashboard tool. Dashboards are group of pages 
that are easy to read and give users real-time information. 
Dashboards typically provide an overview of the latest status 
and trends where sellers can find possibilities to make decisions 
based on the data and information provided in businesses. 
Study embeds illustration and graphic design concepts, so that 
data can be visualized using charts; and users will obtain 
glimpse into most important aspects of their desired data. They 

get real time insights about what they are interested in. This 
suits the main aim of the study which is to monitor real-time 
trends of online food selling which will benefits food hunters 
and food sellers in both ways.  

As worldly known, Malaysia has many to offer especially 
in its food industry. The authentic tastes of Malaysian food are 
driven from multi cultures and communities which are 
adventurous to enjoy.  However, as pandemic strikes the world 
starting year 2020, food hunters convert their interest from 
restaurant dining to electronic hailing (e-hailing) and pick-up 
hailing (p-hailing) services[1][2]. Thus, proper medium is 
needed to match food hunters’ demand and at the same time 
fulfil the supply from food sellers. Sellers must provide clear 
information on the offered food package and customers should 
receive fast and complete information about the food, services, 
price and trends. Hence, this study fills up the gap between 
supply from seller and demand from customers where both 
entities are provided with visualization of graphs and data to 
satisfy their needs on food. Hence, study objectives as follow: 
a) To identify important elements to be included in food 

visualization dashboard.  
b) To design a web-based visualization dashboard for food 

focusing Kuching district.  
c) To proposed food visualization dashboard model.  

As for the design and development, user centred design 
approach was used for the development, the so called Kuching 
Food Dashboard (KUFOOD). KUFOOD design and 
development was completed using Net Beans as its Integrated 
Development Environment (IDE) and MySQL for data storing. 
 
2. PREVIOUS STUDIES 

Sustainability communications in online shopping have a 
positive effect on reputation and loyalty besides providing 
various engagement results[3]. It is a combination of automated 
analysis techniques with interactive visualizations for an 
effective understanding, reasoning and decision making[4]. 
Therefore, content analysis is important to enable in 
investigating the role played by World Wide Web (www) and 
social media.  Listed, are some interactive dashboards offered 
in the apps market; Smart Tourism Analysis Centre, Strategic 
Dashboard, Marketing Dashboard, Operational Dashboard and 
Financial Dashboard. However none discuss on displaying 
visualization data on food based on area, districts or states that 
can satisfy food hunters and food sellers. Dashboards and 



81

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 2 Data Analytics -

Abdul Manaf et al., 2021 
 

 77 

visualization are cognitive tools that help people visually 
identify trends, patterns and making reasoning about current 
data which help in guiding towards effective decisions 
making[5]. Dashboards and other visualization tools i.e. Power 
BI, Zoho, Tableau[6] and many more, now widely and freely 
available for business users to review their real time data. In 
recent years, dashboards are used to show key performance 
indicators of an organization. 

User-centered design helps ensure that the developed 
system is acceptable, usable, and meets the needs of users. It 
gives a satisfying user experience (UX), enable engagement 
and become essential piece in any good customer experience 
strategy[7]. Besides that, a good UX design will boost 
customers’ retention rates because of easy access and reachable 
key information. Cognitive psychology mentioned by previous 
researcher[8] supported that the human brain unable to process 
a vast scope of information at the same time. Based on study by 
Koen Pauwels et.al[9]and Karami et.al[10], some crucial 
elements are needed to design quality dashboards. Designers 
and dashboard developers need to know 1) target audience to 
determine important data to display, 2) decide development 
goal,  3) identify correct dashboard type to create good insights 
and 4) make good aesthetics selection. Eventually, all these 
elements in dashboard design will influence a huge crowd of 
target audience. 
 
3. METHODS 

Figure 1 shows the entire methodology designed for this 
study. Starting off by identifying target users, identify core 
elements for dashboard design, experiencing different 
restaurant websites, development of KUFOOD visualization 
dashboard and make comparison analysis based on users’ 
experience between the existing website and KUFOOD 
dashboard. 

 

 
Figure 1: Methodology Developed for This Study 

 
a) Study Participants 
A total of 20 participants were demographically selected 
randomly. Those were amongst online food hunters and sellers 
in Kuching district. 12 female and 8 male participants 
participated in the experiment. They were all aged 16 to 45 
years old. 
 

b) Quantitative Measures 
Evaluations and user experiences on web based dashboard were 
explored through 2 experiments. First, participants were given 
questionnaire to identify their expectations for dashboard 
designs. This is the preliminary step towards identifying users’ 
preferences for dashboard design. In the second experiment, 
participants experienced surfing individual restaurants’ 
websites and KUFOOD and the surveys scores were recorded 
respectively. 

4. EXPERIMENTS 
a) Phase 1 : Identifying target users 
In Phase 1, we first identify the type of dashboard to develop 
so that it will satisfy our study goal. Study target users are those 
computer literate food hunters and online food sellers. These 
both entities should satisfy each other in terms of finding the 
similarity point of supply and demand. 

 
b) Phase 2: Identifying core elements for food dashboard 
As read in previous research’s, elements that are important to 
include in dashboard development are selecting the right target 
audience to determine important data to display, deciding 
dashboard development goal,  identify correct dashboard type 
to create good insights and make good aesthetics selection. 
Other added elements were encountered from the questionnaire.  

 
c) Phase 3: Experiencing 5 different restaurant websites  
In this phase, all participants were given experience surfing 5 
different popular Malay restaurants in Kuching district. The 
chosen social media (available through Instagram and 
Facebook) were Kopi O’ Corner, Nasi Kukus Q, The Tarik Café, 
Ayam Penyet Ria and Emilies Dinner[11]. Their feedbacks 
regarding ease of viewing, grasp information and aesthetic 
features were recorded accordingly. Each participant was given 
10 minutes for the whole surfing experience of 5 websites. 
Participants’ scores for each websites were recorded 
respectively. 

 
d) Phase 4: Development and experiencing KUFOOD 

Visualization Dashboard 
Phase 4 aims were developing visualization dashboard that can 
display all food details supply from the 5 selected restaurants 
in Kuching district, Sarawak. Also, we include some reviews 
from customers, as well as ratings which are rated from score 1 
as low up to score 5 as high. The dashboard compiles all 
restaurants’ websites, displays real time trends and peak hours 
so that customers may manage their meal time and weekly 
ratings. Here, participants’ scores were recorded after 
experiencing KUFOOD. 

 
 
 

e) Phase 5: Perform comparison analysis between 
individual website and UX after KUFOOD 

Those collected data from Phase 3 and Phase 4 were compared 
respectively. This was to capture result of which view and UX 
are easy for information grasp. All participants were invited to 
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a briefing on how the experiment will be before they 
experienced the real KUFOOD application. 
 
5. DASHBOARD DESIGN AND DEVELOPMENT 

 
Figure 2 : KUFOOD Design Embeds Part of The Food System 

Dashboard[12] Which Are Highlighted in Red 
 

Figure 2 shows the framework of entire food system, 
including food supply chains, food environments, individual 
factors, consumer behavior, diets and nutrition, environmental, 
social, political and economic drivers. Extracting main features 
of Food System Dashboard, study focused on food environment 
as the crucial elements in KUFOOD development. By 
understanding food diversity, price affordability, supply 
properties and food messaging, KUFOOD targeted at providing 
points of similarity for demand and supply. The general 
architecture for KUFOOD is illustrated in Figure 3. 

 
Figure 4: Part of KUFOOD Dashboard Interface 

The goal of KUFOOD visualization dashboard is to 
quickly identify trends and patterns of all Malay restaurants in 

Kuching districts, yet to improve the information flow 
mechanisms. Figure 4 shows parts of KUFOOD dashboard 
designs. In order to ensure KUFOOD runs smoothly and meet 
users’ requirements, Unit Testing Plan and Integration Testing 

Plan were conducted to validate each designed unit so that it 
functions well. 
 
6. RESULTS AND ANALYSIS 

 
 

Participants expressed their tranquillity in UX, feel 
satisfied to get real data exposure, high aesthetics acceptance 
and feel ease to understand the chart patterns. 

 
Figure 5: Evaluation Scores (%) for Each Individual 

Restaurant Website/Facebook/Instagram 
 

Figure 5 shows the evaluation scores for all five 
individual restaurants based on their business postings in 
website, facebook or instagram. From this survey, study found 
out that participants were more likely expecting visualized and 
straightforward information.  

From survey data shown in Figure 5, study ran the 
second experiment which was to test KUFOOD user 
acceptance. User Acceptance Testing (UAT) is a type of testing 
performed to verify and accept KUFOOD as a satisfying 
visualization dashboard. Here, dashboard design shall meet end 
users’ requirements and creates users’ confidence. Figure 6 
shows the analysis after performing UAT[10]. Table 1 listed 
out the elements’ ranking importance, based on scores given by 
the participants.  

 
Figure 6: Percentage Scores Given By Test Participants  After 

Experiencing KUFOOD 
 

Table 1: Dashboard Design Elements and Ranking Importance 

Figure 3: KUFOOD General Architecture 
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Study found that all the ten (10) elements in listed in Table 

1 can be categorized based on their similar relationship. 
Previous researches[9][10] identified some of these elements 
were important to include in dashboard development. Those are 
selecting the right target audience to determine important data 
to display, deciding dashboard development goal, identify 
correct dashboard type to create good insights and making good 
aesthetics selections. From the experiments, study encountered 
that selecting the right chart to display and simplicity of data 
presentation for a quick information digest accommodate users’ 
needs towards making accurate decisions. The categorization is 
proposed as a model and illustrated in Figure 7 for a satisfying 
UX. 
 

 
Figure 7: Proposed Model for Designing Food  

Visualization Dashboard 

7. CONCLUSION  
As a summary, it is crucial to find points of similarity in 

supply and demand between food hunters and food sellers. This 
is challenging especially when food hunters need to evaluate 
food based on pictures available on website or even social 
media. Thus, a dynamic tool is needed to satisfy this group. 
KUFOOD visualization dashboard truly aid food hunters in 
Kuching district finding their desired food, knowing food 
trends at a glimpse, allows real time food rating and selecting 
preferred choices from many selections offered by various 
restaurants. In addition, these food hunters or customers may 
manage their time well for ordering or otherwise their orders 
are stuck during peak hours. Food sellers on the other hand, 
have the opportunity to improve their business and food 
offerings in a healthy competitive online market. Furthermore, 
food sellers will understand customers’ desires and price range 

that customer willing to pay. All these are available thru the 
dashboards feedback menu, customers’ ratings and food trends 
voted by the customers. In addition, it helps sellers to analyse 
traffic sources, customer meal times, the overtime changing of 
customers’ behaviours, and how other variables affect the 
potential and habits of selling or buying food. The proposed 
model for food or restaurant dashboard designs is benefiting 
those application developers and online sellers to set their 
business strategies; besides help in decision making. The 
novelty of the study is to complement food sellers and food 
hunters’ needs towards food of an area. The proposed five core 
elements in food dashboard design satisfy both disciplines of 
data analytics and human computer interaction. 
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a briefing on how the experiment will be before they 
experienced the real KUFOOD application. 
 
5. DASHBOARD DESIGN AND DEVELOPMENT 

 
Figure 2 : KUFOOD Design Embeds Part of The Food System 

Dashboard[12] Which Are Highlighted in Red 
 

Figure 2 shows the framework of entire food system, 
including food supply chains, food environments, individual 
factors, consumer behavior, diets and nutrition, environmental, 
social, political and economic drivers. Extracting main features 
of Food System Dashboard, study focused on food environment 
as the crucial elements in KUFOOD development. By 
understanding food diversity, price affordability, supply 
properties and food messaging, KUFOOD targeted at providing 
points of similarity for demand and supply. The general 
architecture for KUFOOD is illustrated in Figure 3. 

 
Figure 4: Part of KUFOOD Dashboard Interface 

The goal of KUFOOD visualization dashboard is to 
quickly identify trends and patterns of all Malay restaurants in 

Kuching districts, yet to improve the information flow 
mechanisms. Figure 4 shows parts of KUFOOD dashboard 
designs. In order to ensure KUFOOD runs smoothly and meet 
users’ requirements, Unit Testing Plan and Integration Testing 

Plan were conducted to validate each designed unit so that it 
functions well. 
 
6. RESULTS AND ANALYSIS 

 
 

Participants expressed their tranquillity in UX, feel 
satisfied to get real data exposure, high aesthetics acceptance 
and feel ease to understand the chart patterns. 

 
Figure 5: Evaluation Scores (%) for Each Individual 

Restaurant Website/Facebook/Instagram 
 

Figure 5 shows the evaluation scores for all five 
individual restaurants based on their business postings in 
website, facebook or instagram. From this survey, study found 
out that participants were more likely expecting visualized and 
straightforward information.  

From survey data shown in Figure 5, study ran the 
second experiment which was to test KUFOOD user 
acceptance. User Acceptance Testing (UAT) is a type of testing 
performed to verify and accept KUFOOD as a satisfying 
visualization dashboard. Here, dashboard design shall meet end 
users’ requirements and creates users’ confidence. Figure 6 
shows the analysis after performing UAT[10]. Table 1 listed 
out the elements’ ranking importance, based on scores given by 
the participants.  

 
Figure 6: Percentage Scores Given By Test Participants  After 

Experiencing KUFOOD 
 

Table 1: Dashboard Design Elements and Ranking Importance 

Figure 3: KUFOOD General Architecture 
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Study found that all the ten (10) elements in listed in Table 

1 can be categorized based on their similar relationship. 
Previous researches[9][10] identified some of these elements 
were important to include in dashboard development. Those are 
selecting the right target audience to determine important data 
to display, deciding dashboard development goal, identify 
correct dashboard type to create good insights and making good 
aesthetics selections. From the experiments, study encountered 
that selecting the right chart to display and simplicity of data 
presentation for a quick information digest accommodate users’ 
needs towards making accurate decisions. The categorization is 
proposed as a model and illustrated in Figure 7 for a satisfying 
UX. 
 

 
Figure 7: Proposed Model for Designing Food  

Visualization Dashboard 

7. CONCLUSION  
As a summary, it is crucial to find points of similarity in 

supply and demand between food hunters and food sellers. This 
is challenging especially when food hunters need to evaluate 
food based on pictures available on website or even social 
media. Thus, a dynamic tool is needed to satisfy this group. 
KUFOOD visualization dashboard truly aid food hunters in 
Kuching district finding their desired food, knowing food 
trends at a glimpse, allows real time food rating and selecting 
preferred choices from many selections offered by various 
restaurants. In addition, these food hunters or customers may 
manage their time well for ordering or otherwise their orders 
are stuck during peak hours. Food sellers on the other hand, 
have the opportunity to improve their business and food 
offerings in a healthy competitive online market. Furthermore, 
food sellers will understand customers’ desires and price range 

that customer willing to pay. All these are available thru the 
dashboards feedback menu, customers’ ratings and food trends 
voted by the customers. In addition, it helps sellers to analyse 
traffic sources, customer meal times, the overtime changing of 
customers’ behaviours, and how other variables affect the 
potential and habits of selling or buying food. The proposed 
model for food or restaurant dashboard designs is benefiting 
those application developers and online sellers to set their 
business strategies; besides help in decision making. The 
novelty of the study is to complement food sellers and food 
hunters’ needs towards food of an area. The proposed five core 
elements in food dashboard design satisfy both disciplines of 
data analytics and human computer interaction. 

 
REFERENCES 
[1] Nielsen Asean, “Grab Corporate Profile,” 2015. 

[Online]. Available: https://www.grab.com/sg/wp-
content/uploads/media/docs/Grab-Corporate-Profile. 
[Accessed: 13-Jul-2021]. 

[2] I. A. Winarta, “Company Profile Foodpanda.” 
[Online]. Available: 
https://www.academia.edu/25334415/Company_Profil
e_-_Foodpanda. [Accessed: 23-Apr-2021]. 

[3] F. Conte, P. Vitale, A. Vollero, and A. Siano, 
“Designing a Data Visualization Dashboard for 
Managing the Sustainability Communication of 
Healthcare Organizations on Facebook,” 2018. 

[4] Y. Desai, S. Jiang, and L. Davis, “Development of a 
Dashboard for a Local Food Bank,” 2017. 

[5] R. Mauricio and T. Guachi, “Dashboard design to 
assess the impact of distinct data visualization 
techniques in the dynamic analysis of survey’s 
results,” no. June, 2018. 

[6] P. Elizabeth, B. Scholtz, and A. Calitz, “Design 
Guidelines for Business Intelligence Tools for Novice 
Users,” no. October, 2015. 

[7] I. Design and T. Program, “Employing User-Centered 
Design to Accelerate the Construction of a Business 
Intelligence Dashboard,” 2018. 

[8] C. D. Epp, R. Perez, K. Phirangee, J. Hewitt, and K. 
Toope, “User-Centered Dashboard Design : Iterative 
Design to Support Teacher Informational Needs in 
Online Learning Contexts,” no. April, 2019. 

[9]  T. Ambler and B. H. Clark, “Dashboards as a 
Service,” no. May 2014, 2009. 

[10] M. Karami, H. Services, M. Langarizadeh, M. Fatehi, 
and M. Imaging, “Evaluation of Effective 
Dashboards : Key Concepts and Criteria,” no. 
October, 2017. 

[11] Sarawak Tourism Board, “Sarawak Visitor’s Guide,” 
2015. 

[12] J. Fanzo, L. Haddad, R. Mclaren, Q. Marshall, C. 
Davis, A. Herforth, A. Jones, T. Beal, D. Tschirley, A. 
Bellows, L. Miachon, Y. Gu, M. Bloem, and A. 
Kapuria, “The Food Systems Dashboard is a new tool 
to,” Nat. Food, vol. 1, no. May, 2020. 



84

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 3 Robotics and Automation -

Theme 3
Robotics and 
Automation



85

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 3 Robotics and Automation -

Proceedings of the 3rd International Conference on Intelligent & Interactive Computing (IIC 2021), pp. 80-82, September 2021 

 

Research on Upgrading of Traditional Industry Driven by Intelligent 
Manufacturing 

Zi Ye1,2, Yogan Jaya Kumar2*, Ong Sing Goh2, Dafeng Gong1,2 

1 Department of Information Technology, Wenzhou Polytechnic 
Wenzhou 325035, China 

2 Faculty of Information and Communication Technology, Universiti Teknikal Malaysia Melaka,  
Hang Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia 

 
*Corresponding e-mail: yogan@utem.edu.my 

 
Abstract — In the face of persistently low product prices, 
rising labor costs, as well as the technical performance and 
quality requirements from the downstream industry 
continue to improve, it is recommended that the key 
enterprises with a good implementation base need to speed 
up the comprehensive promotion of "intelligent 
manufacturing". This subject is a study of Chinese 
traditional electrical Industries, which is to realize the 
digital control of the production line through the 
development of intelligent manufacturing project solutions. 
 
Keywords — Traditional Electrical Industry; Intelligent 
Manufacturing 
 
1. INTRODUCTION 

Intelligent applications will bring huge value to the 
enterprise and can truly optimize the production of 
manufacturing companies. The advantages of developing 
intelligent manufacturing in China are obvious. As the world's 
most populous country with the largest manufacturing industry 
and the largest number of mobile communication users, China 
is bound to be the world's largest market for intelligent 
manufacturing applications. At the same time, China's 
manufacturing is facing difficulty by the external situation and 
domestic downward pressure. It can be said that intelligent 
manufacturing in China both a realistic condition, and in urgent 
need Error! Reference source not found.. 

The production mode of the electrical industry is discrete 
manufacturing of many varieties and small batches. In this 
study, relevant research will be conducted to present the 
deficiencies of the entire manufacturing system at present. It 
also gives specific optimization directions from two aspects of 
management automation and factory intelligence, and finally 
gives specific intelligent manufacturing model architecture 
from three dimensions of collaborative execution, intelligent 
analysis, and business support. 

 
2. LITERATURE REVIEW 

 
2.1 Research on the status of China's electrical industry 

At present, the development of the whole electrical 
industry presents the following trends and characteristics: 

a) Strong invasion of both international brands and 
local peripheral enterprises 

 

On the one hand, international brands are invading China's 
electrical market in a high-profile or silent manner. Especially 
in the first-tier cities, international brands have occupied most 
of the market share by their international reputation, and it is 
difficult for domestic brands to enter. On the other hand, 
traditional electrical companies also have to face the strong 
invasion of local peripheral enterprises. Of course, it does not 
exclude the possibility of other unrelated industrial brands 
entering the electrical industry at any time [2]. 

b) The electrical industry maintains a solid 
development trend 

The electrical industry has been developing particularly 
fast in the past 10 years, with an average annual growth rate of 
more than 20%. The overall market scale continues to expand, 
new brands emerge and product series keeps improving. At 
present, China's electrical industry, driven by the 
macroeconomic development momentum and the steady 
growth of the real estate industry, has shown vigorous vitality 
[3]. 

 
2.2 Related Work 

Many scholars have focused on the issues of model 
innovation, path optimization, constraints analysis for 
traditional enterprises in the context of " intelligent 
manufacturing". But very limited scholars have researched, 
analyzed, and summarized the transformation path of 
intelligent manufacturing in the electrical industry and given 
targeted suggestions.  

Intelligent manufacturing in the electrical industry has not 
yet a successful case to learn from, more need to explore and 
discover the enterprise itself. But the development of artificial 
intelligence and integration of intelligent manufacturing is the 
direction of the future development of traditional electrical 
companies. 
 
3. OPTIMIZATION METHOD OF THE COMPANY’S 

INTELLIGENT MANUFACTURING 
Here we start from the two dimensions of management 

automation and factory automation, analyze the current status 
of intelligent maturity [4], and indicate the future optimization 
approaches for each assessment content, as shown in detail in 
both Table 1 and Table 2.  
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4. COMPLETION OF INTELLIGENT 
MANUFACTURING CONSTRUCTION 

Table 1: Optimization direction from the view of management 
automation 

Evaluation 
content 

Current Status  Future optimization 
direction 

Order taking 
automation 

Orders are 
documented and 
a large amount 
of information 
can be batch 
remitted to ERP 

Through proactive 
design, such as 
prompting users for order 
quantities, delivery dates, 
and special customer 
requirements, or through 
E-Business order 
integration, automatic 
integration into ERP 

Field 
dispatch 
automation 

Access to work 
orders compiled 
by ERP, MES, 
or other 
systems, and 
then arrange 
production line 
start-up 
depending on 
site capacity and 
material 
conditions 

According to the 
shipment plan 
scheduling, the 
ERP/MES system 
automatically generates 
the weekly production 
and dispatch plan, and 
the system automatically 
dispatches and instructs 
the daily production to 
start production in order. 

On-site work 
reporting 
automation 

On-site 
production 
workers fill out 
forms to 
organize data, 
and the team 
leader collects 
them and enters 
them into the 
ERP system 
within 1 hour by 
clerks. 

Production facilities 
integrate data collection 
machines that can  
automatically return data 
after confirmation by 
staff 

Storage and 
receiving 
automation 

Supplier 
shipments, the 
enterprise 
through the ERP 
check to 
compare the 
receipt 
information 

Suppliers can go online 
to return shipping notices 
and print bar codes and 
shipping vouchers, 
warehouse staff PDA to 
receive materials on the 
shelves, real-time 
inventory variation 
information into the 
accounts, and with 
electronic kanban system 
to guide the receipt of 
materials operations 

 
The future traditional electrical Industries intelligent 

manufacturing construction results can be divided into four 
levels, as shown in Figure 1. 

 

a) Collaborative Business 
Collaborating upstream and downstream of the supply 

chain through B2B. 
Table 2: Optimization direction from the view of factory 

intelligence 
Evaluation 
content 

Current Status  Future optimization 
direction 

Production 
scheduling 
automation 

Planners 
directly refer to 
ERP system 
output supply 
and demand 
data (MRP), and 
then manually 
plan and 
formulate 
production 
schedules on the 
computer 

The advanced scheduling 
system APS system 
automatically obtains 
data and calculates 
material supply and 
demand and simulates 
limited production 
capacity, produces the 
most suitable production 
scheduling plan, outputs 
it to ERP for final 
review, and then 
transfers out work orders 
and requisitions 

Production 
instruction 
automation 

Manually read 
paperwork 
instructions, 
manuals, or 
parameters, 
indicate or 
operate settings 
to start 
production 

On the production line, 
SOP can be displayed 
directly according to the 
dispatched content; the 
production parameters of 
mechanical equipment 
can be directly imported 
through the system or 
read by the barcode 

Storage, 
transportatio
n, and 
receiving 
automation 

Suppliers do the 
shipments, the 
company checks 
and compares 
the receipt data 
through ERP 

Suppliers can report 
shipping notifications 
online and print barcodes 
and shipping vouchers. 
Warehousing staff PDAs 
collect and put materials 
on shelves. Inventory 
transaction information 
is recorded in real-time, 
and the electronic kanban 
system is used to guide 
the receiving operations. 

 
Figure 1: Electrical Industries intelligent manufacturing 

construction results 

Zi et al., 2021 
 

 81 

4. COMPLETION OF INTELLIGENT 
MANUFACTURING CONSTRUCTION 

Table 1: Optimization direction from the view of management 
automation 

Evaluation 
content 

Current Status  Future optimization 
direction 

Order taking 
automation 

Orders are 
documented and 
a large amount 
of information 
can be batch 
remitted to ERP 

Through proactive 
design, such as 
prompting users for order 
quantities, delivery dates, 
and special customer 
requirements, or through 
E-Business order 
integration, automatic 
integration into ERP 

Field 
dispatch 
automation 

Access to work 
orders compiled 
by ERP, MES, 
or other 
systems, and 
then arrange 
production line 
start-up 
depending on 
site capacity and 
material 
conditions 

According to the 
shipment plan 
scheduling, the 
ERP/MES system 
automatically generates 
the weekly production 
and dispatch plan, and 
the system automatically 
dispatches and instructs 
the daily production to 
start production in order. 

On-site work 
reporting 
automation 

On-site 
production 
workers fill out 
forms to 
organize data, 
and the team 
leader collects 
them and enters 
them into the 
ERP system 
within 1 hour by 
clerks. 

Production facilities 
integrate data collection 
machines that can  
automatically return data 
after confirmation by 
staff 

Storage and 
receiving 
automation 

Supplier 
shipments, the 
enterprise 
through the ERP 
check to 
compare the 
receipt 
information 

Suppliers can go online 
to return shipping notices 
and print bar codes and 
shipping vouchers, 
warehouse staff PDA to 
receive materials on the 
shelves, real-time 
inventory variation 
information into the 
accounts, and with 
electronic kanban system 
to guide the receipt of 
materials operations 

 
The future traditional electrical Industries intelligent 

manufacturing construction results can be divided into four 
levels, as shown in Figure 1. 

 

a) Collaborative Business 
Collaborating upstream and downstream of the supply 

chain through B2B. 
Table 2: Optimization direction from the view of factory 

intelligence 
Evaluation 
content 

Current Status  Future optimization 
direction 

Production 
scheduling 
automation 

Planners 
directly refer to 
ERP system 
output supply 
and demand 
data (MRP), and 
then manually 
plan and 
formulate 
production 
schedules on the 
computer 

The advanced scheduling 
system APS system 
automatically obtains 
data and calculates 
material supply and 
demand and simulates 
limited production 
capacity, produces the 
most suitable production 
scheduling plan, outputs 
it to ERP for final 
review, and then 
transfers out work orders 
and requisitions 

Production 
instruction 
automation 

Manually read 
paperwork 
instructions, 
manuals, or 
parameters, 
indicate or 
operate settings 
to start 
production 

On the production line, 
SOP can be displayed 
directly according to the 
dispatched content; the 
production parameters of 
mechanical equipment 
can be directly imported 
through the system or 
read by the barcode 

Storage, 
transportatio
n, and 
receiving 
automation 

Suppliers do the 
shipments, the 
company checks 
and compares 
the receipt data 
through ERP 

Suppliers can report 
shipping notifications 
online and print barcodes 
and shipping vouchers. 
Warehousing staff PDAs 
collect and put materials 
on shelves. Inventory 
transaction information 
is recorded in real-time, 
and the electronic kanban 
system is used to guide 
the receiving operations. 

 
Figure 1: Electrical Industries intelligent manufacturing 

construction results 

Zi et al., 2021 
 

 81 

4. COMPLETION OF INTELLIGENT 
MANUFACTURING CONSTRUCTION 

Table 1: Optimization direction from the view of management 
automation 

Evaluation 
content 

Current Status  Future optimization 
direction 

Order taking 
automation 

Orders are 
documented and 
a large amount 
of information 
can be batch 
remitted to ERP 

Through proactive 
design, such as 
prompting users for order 
quantities, delivery dates, 
and special customer 
requirements, or through 
E-Business order 
integration, automatic 
integration into ERP 

Field 
dispatch 
automation 

Access to work 
orders compiled 
by ERP, MES, 
or other 
systems, and 
then arrange 
production line 
start-up 
depending on 
site capacity and 
material 
conditions 

According to the 
shipment plan 
scheduling, the 
ERP/MES system 
automatically generates 
the weekly production 
and dispatch plan, and 
the system automatically 
dispatches and instructs 
the daily production to 
start production in order. 

On-site work 
reporting 
automation 

On-site 
production 
workers fill out 
forms to 
organize data, 
and the team 
leader collects 
them and enters 
them into the 
ERP system 
within 1 hour by 
clerks. 

Production facilities 
integrate data collection 
machines that can  
automatically return data 
after confirmation by 
staff 

Storage and 
receiving 
automation 

Supplier 
shipments, the 
enterprise 
through the ERP 
check to 
compare the 
receipt 
information 

Suppliers can go online 
to return shipping notices 
and print bar codes and 
shipping vouchers, 
warehouse staff PDA to 
receive materials on the 
shelves, real-time 
inventory variation 
information into the 
accounts, and with 
electronic kanban system 
to guide the receipt of 
materials operations 

 
The future traditional electrical Industries intelligent 

manufacturing construction results can be divided into four 
levels, as shown in Figure 1. 

 

a) Collaborative Business 
Collaborating upstream and downstream of the supply 

chain through B2B. 
Table 2: Optimization direction from the view of factory 

intelligence 
Evaluation 
content 

Current Status  Future optimization 
direction 

Production 
scheduling 
automation 

Planners 
directly refer to 
ERP system 
output supply 
and demand 
data (MRP), and 
then manually 
plan and 
formulate 
production 
schedules on the 
computer 

The advanced scheduling 
system APS system 
automatically obtains 
data and calculates 
material supply and 
demand and simulates 
limited production 
capacity, produces the 
most suitable production 
scheduling plan, outputs 
it to ERP for final 
review, and then 
transfers out work orders 
and requisitions 

Production 
instruction 
automation 

Manually read 
paperwork 
instructions, 
manuals, or 
parameters, 
indicate or 
operate settings 
to start 
production 

On the production line, 
SOP can be displayed 
directly according to the 
dispatched content; the 
production parameters of 
mechanical equipment 
can be directly imported 
through the system or 
read by the barcode 

Storage, 
transportatio
n, and 
receiving 
automation 

Suppliers do the 
shipments, the 
company checks 
and compares 
the receipt data 
through ERP 

Suppliers can report 
shipping notifications 
online and print barcodes 
and shipping vouchers. 
Warehousing staff PDAs 
collect and put materials 
on shelves. Inventory 
transaction information 
is recorded in real-time, 
and the electronic kanban 
system is used to guide 
the receiving operations. 

 
Figure 1: Electrical Industries intelligent manufacturing 

construction results 



87

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 3 Robotics and Automation -

Zi et al., 2021 
 

 82 

b) Enterprise Operation 
Coordinating production, sales, human and financial 

resources to achieve standardized and integrated enterprise 
operation management, including production planning, 
procurement planning, capital planning, etc. 

c) Site Control 
It is also the management system for the workshop, 

through workshop site scheduling and dispatching, 
reporting/assigning, data collection, quality management, to 
realize the transparent digital management of the workshop. 

d) Equipment Control 
The underlying equipment and the control system of the 

equipment and the corresponding transmission network, often 
need to be integrated with the on-site execution system of the 
site control layer 
 
5. CONCLUSION 

China's electrical industry has maintained a steady 
development driven by both the positive macroeconomic 
momentum and the steady growth of the real estate industry. 
After collecting, analyzing, and organizing related  literatures, 
we found that the existing research on the traditional electric 
industry driven by smart manufacturing is still limited to 
general industry analysis of the current situation and policy 
research. 

This subject is a study of Chinese traditional electrical 
Industries on intelligent manufacturing, which effectively 
solves the problem of information silos in the production 
process, where each workshop works separately, and better 
controlling the quality and speed of production. 
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Abstract — This paper presents a low cost pipe crawler 
inspection robotic system that crawls along the pipe and 
conducts inspection using camera. The robot is designed, 
fabricated using PLA material and actuated by two direct 
current (DC) motors. This crawler robotic system is controlled 
via low cost controller board and able to inspect six inches PVC 
pipe using rotary camera mounted on the robot. The robot is 
built with circular body, two active wheels, two passive wheels 
and has two ultrasonic sensors in front of the robot for better 
manoeuvrability on the straight and bending pipe. The sensors 
also are for identifying any junction and obstacle when the 
robot moves along the pipe. The gait movement of the robot is 
simulated by Fusion 360 software and is verified by the actual 
prototype. The robot is hoped can be used for inspecting the 
water pipe and identify any cracks, corrosion and leakage at the 
pipe. This robot’s prototype will use a better material in the 
future to make it more robust.    
 
Keywords — Crawler-robot, pipe inspection, design 
verification. 
 

1. INTRODUCTION 
 
Pipeline integrity management is a critical aspect need to 

be focused by any company that runs any liquid or gaseous 
transfer via pipe. The integrity for pipeline is required so that 
the risk mitigation strategy can be optimized. The risk that 
involves pipelines can be divided to two components which are, 
the risk analysis and risk control. The purpose of the risk control 
is to ensure periodic inspection period interval can be decided 
in order to ensure there is no leakage or burst at any point of 
pipe [1]. Some researcher had identified and modelled the pipe 
defects and failure using Bowtie model and Bayesian network 
or Monte Carlo such as mentioned by [1], [2], [3], [4]. 

In the water treatment and pipeline, the water pipeline 
damages such as cracks are contributed by the internal and 
external factors. The internal factor that causes the water pipe 
to crack such as water hammer effect. The water hammer effect 
happens when the sudden close of pipe’s valve [5]. Besides, the 
material failure also contributed to the internal factor that 
causes the water pipe’s failure such as high pressure builds up 
inside the pipe. The external effects are contributed by the 

excavation process [6], external load for the buried pipeline and 
earth forces [7] and aging pipe [8]. 

[9] proposed water and waste water pipeline can be easily 
monitored using multi sensor data fusion (MSDF). The 
monitoring of MSDF on the water pipeline can be 
accomplished using EMI and GRS sensor [9]. Next, [10] 
conducted experimental study using vibration leak detection 
technique to identify the location of leakage. The experimental 
rig involved different pipe’s size, T-joints, valves, elevation 
level and bends to prove the leak-detection index [10]. 

Similarly, [11] mentioned about the leakage of water 
pipeline commonly occurred at socket and joint could be 
identified using Artificial neural network (ANN) based on the 
acoustic signals from the field measurement. Pipeline leakage 
also could be identified using acoustic signal from wavelet 
transform and support vector machine (SVM) [12]. In addition, 
[13] proposed Volume Based Method (VBM) and Pressure 
Point Analysis (PPA) technique to detect and pinpoint the 
leakage of pipe.  

Smart and intelligent water pipeline inspection can be 
conducted by using the pipeline robotic system either using the 
internal system or external robotic pipeline inspection system. 
The internal pipeline inspection using in-pipe robotic system 
can be found in the several literatures such as in [14], [15] and 
[16].  

The external pipeline robotic system focus to inspect the 
external condition of pipe can be found from [17], [18] and 
[19.] 
 

2. METHODOLOGY 
 

This low cost pipe inspection system is prototyped to 
inspect the outer PVC pipe. The pipe crawler robotic system is 
designed based on several ideas selection. The details of the 
designed have been scrutinized using Fusion 360 software. The 
overall dimension for the robotic system is 595mm x 595mm x 
180mm and the overall weight for this robot is 1.8kg. The 
system maneuverability along the pipe is actuated via two 
Direct Current (DC) motors and controlled by low cost Arduino 
controller. The rated torque for the DC motor is 1.2 kg.cm and 
has stall torque of 2 kg.cm. The robot’s actuator is powered by 
9V battery and 5V for the camera ESP 32. The camera ESP 32  
can rotate around half circular guided rail. 
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Designing this outer-pipe crawler robotic system involves 
several process. The initial step to ensure right decision can be 
made, the House of Quality (HOQ), priority factor, engineering 
characteristics and decision characteristics should be outlined. 
Figure 1 is the HOQ for this crawler robotic system. The HOQ 
characteristics should be the balance between customer needs 
and engineering requirement. The customer requirements for 
this robot are such as; the robot can operate with long range and 
assemble and dissemble with the least of tools. Besides, the 
system should be waterproof, low maintenance and lightweight. 
Another features that are included as the requirement of 
customers are the safe product to operate, has high level of 
strength and the lifespan of batteries to operate the robot. In 
addition, the system can be operated autonomously, capture the 
data from a certain distance, ease to analyze the data and the 
data must be accurate. Lastly, the system needs to be affordable 
and attractive. Table 1 shows the HOQ of the design. 

Based on the HOQ, the engineering characteristics can be 
arranged ranging from the least important which is 1 to the most 
important which is 9. The arrangement of the engineering 
characteristics for this robotic system design can be viewed in 
the Table 2. 

Based on the Table 1 and Table 2, the decision 
characteristic for this low cost pipe crawler inspection robot 
system can be stated as;  
(a) The camera on the outer-pipe crawler robotic system able to 
inspect for 180º of the pipe. 
(b) Ultrasonic sensor able to sense the end of pipe and the pipe’s 
diameter variability while travelling along the pipe. 
(c) The pipe crawler robotic system able to connect with IoT 
system to monitor the pipe with live stream. 
(d) The pipe crawler robotic system must have low weight to 
ensure the robot climb up the pipe easily. 
(e) Power source of the system need to be rechargeable in order 
to reduce total cost of the robot. 
(f) The robotic crawler system can be assembled in short period 
to minimize time during the installation on the pipe. 
 
 
 

 
 
 
 
 
 

(g) The camera part need to be placed inside casing to avoid the 
camera from any extreme temperatures and dust. 
(h) The size of the robot must be based on the size of the pipe 
and need to be fabricated with good quality material to provide 
enough strength for the pipe crawler robot. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. RESULTS AND DISCUSSION 
 
The pipe crawler inspection robotic system is designed and 
assembled as in the Figure 1. The design has taken into 
consideration from the House of Quality (HOQ), engineering 
characteristic and the decision characteristics. The pipe crawler 
inspection robot consists of three modules; driving module, 
inspection module and support module. The driving module has 
wheels, DC motor actuator, wheel support with compression 
spring to ensure wheel is always press against pipe’s wall and 
the controller board support. The inspection module 
incorporated of camera, ultrasonic sensor, guided rail to ensure 
the camera can move and rotate around the pipe to conduct the 
inspection. The support module is a circular rigid body frame 
made of smaller parts joint together to support the main driving 
module. Figure 2 shows the complete prototype for the low cost 
pipe crawler robotic system. Figure 3 shows the functional 
block diagram of this robotics system. Figure 4 shows the 
process flowchart on the system functionality and Figure 5 to 
Figure 7 shows the gait movement of the robot on the straight 
and bending pipe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2: Engineering Characteristics and Level of Important 

Engineering Characteristics Important Unit 

Tracking Area of rotatory camera 1 m 

Sensing position of the obstacles  2 n/a 
Accessibility of the outer pipe 
crawler 3 min 

Weight 4 Kg 

Rechargeable battery 5 mAh 

Time to install system 6 sec 
Water Resistance 

  Size 
  Material Rigidity 

7 
8 
9 

n/a 
𝑚𝑚3 

MPa 
 

Table 1: House of Quality for the Low Cost Pipe Crawler 
Robotic System 
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Figure 1: Design of the Low Cost Pipe Crawler Inspection 
Robotic System. 
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Figure 2: Prototype of the Low Cost Pipe Crawler 
Inspection Robotic System. 

 

 

Table 3: Components for the Low Cost Pipe Crawler 
Robot. 

A ESP32-Camera. I Body Stabilizer. 

B Rotary Camera Guided 
Rail. J Wheel holder. 

 

C Motor Holder  Rotary 
Camera Guided Rail. K Spring for Pipe Wall 

Press. 

D ESP32 and Ultrasonic 
Sensor. L Joint. 

E Rotary Camera Guided 
Rail Support. M Joint. 

F Spring Suspension for 
Wheel. N Wheel. 

G Idle Pulley. O Rotary Camera 
Protector. 

H Connector. P Rotary Camera Rail. 
 

Figure 4: Process Flowchart on the Low Cost Pipe Crawler 
Inspection Robotic System Functionality. 

 

Figure 3: Functional Block Diagram of the Low Cost Pipe 
Crawler Inspection Robotic System. 

 
Figure 5: Gait and Movement of the Pipe Crawler 

Robot during climbing pipe. 

 
Figure 6: Gait and Movement of the Pipe Crawler 

Robot on the bending pipe. 
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4. CONCLUSION 
The low cost pipe crawler robotic system has been 

successfully designed and prototyped. The design has followed 
several steps in the mechatronic design process in the education 
approach concept. The system has three modules; driving 
module, inspection module and support module. The system is 
equipped with camera to conduct the pipe inspection. The robot 
is controlled by ESP low cost microcontroller board and the 
ultrasonic sensor for sensing the front obstacle or bending. The 
design process involves determining the customer needs and 
engineering characteristics using House of Quality (HOQ) and 
by using several range of level of important, the product has 
been finalized and developed.   
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Abatract –  Motorcycle theft is one of the critical theft 
issues in Malaysia; while retracing the lost motorcycle 
usually finds a dead end. Subsequently, this led to 
studies related to methods that can be used to perform 
detection on a stolen motorcycle, which led to the 
development of IoTMTS prototypes. Using RAD 
methodology, IoTMTS is designed based on the 
Raspberry Pi 3B platform, Neo 6M GPS module, 
Beelink EVO Tech J36V Mini PC, sensors, camera, 
and Android smartphones. It works to detect changes 
in the location of the motorcycle at the parking lot, 
take pictures and send notifications with pictures and 
movement of the location of the motorcycle using GPS 
technology to Android smartphones. Tests show that 
data are successfully received by Android phones, and 
this demonstrates the functionality of the prototype. 
 
1. INTRODUCTION 

Driving a car is the main choice of Malaysians, yet it 
is not the only type of private transportation used by the 
community [1], [2]. Motorcycles are one of the popular 
choices of some people, due to the characteristics of the 
motorcycle itself which is economical and easy to use 
especially in terms of parking and the problem of road 
congestion in large cities [3]. However, motorcycles are 
also similar to other types of vehicles, with security 
issues in parking lots is quite worrying, given the high 
theft rate every year [4]–[6].  

A comparative study was conducted on 15 articles 
related to vehicle tracking, 10 of which were specific to 
motorcycle tracking with 5 more open to other types of 
vehicles including buses and cars. Most of these studies 
specialized in vehicle tracking [4], [5], [7]–[12]; 
followed by graphic and vision analysis [4], [5], [13]–
[15], video analysis [5], [9] and various security 
techniques in vehicle theft [6], [16]–[19]; leading to the 
direction of this study which focuses on the adaptation of 
detecting and tracking of lost vehicles or detection to 
vehicle movement; into an Internet of Things (IoT) 
technology in motorcycle tracking [17], [20]–[22]. 

Naturally, this study is present to provide relief to 
motorcycle owners when parking their motorcycles. It 
specializes in the study of prototypes of IoT devices using 
Global Positioning System (GPS) technology, Raspberry 
Pi, HSV Algorithms, and Android applications; with the 
ability to detect the motorcycle's movement and track the 
motorcycle's location that is moved from the parking lot. 
Users are notified of motorcycles that have been moved 
from the parking lot with graphics at the scene followed 
by a GPS map that displays the movement of the 
motorcycle in real-time. As a result, leaving the 
motorcycle in the parking lot is no longer a worry 
because the owner is assisted with an IoT-Android 
application that can tell and show the motorcycle's 

location [17]. 
 
2. RELATED WORK 

GPS is the main technology of this study, intending to 
obtain accurate tracking of geographical locations for 
motorcycles. It requires an online database that serves as 
a web hosting site that allows IoT devices on the 
motorcycle to send GPS locations to users. Users will get 
this information on the android application which allows 
monitoring to be done on the location of the motorcycle, 
which reports GPS coordinates to the android app in real-
time [20]. 

The security elements in this study are related to 
vehicle monitoring and tracking; with the use of sensors 
and cameras; perform detecting, capturing, and reporting 
functions. When the motorcycle is moved, the sensor will 
detect the change of position of the motorcycle, at the 
same time activating the camera to snap the picture. The 
system will automatically send a notification to the 
motorcycle owner with the picture of the person that 
moves the motorcycle at the same time reporting the 
location coordinates of the motorcycle in real-time using 
GPS technology.  

The HSV algorithm is used to ensure that the images 
recorded by the camera are in good condition and clear 
when displayed on the owner's android application. [23], 
[24]. The condition is that the resolution or quality of the 
camera must first be emphasized, with the processing of 
digital images using the HSV algorithm done to ensure 
good picture quality. This affects the quality of the 
picture received by the motorcycle owner allowing the 
owner to be shown a picture of the face of the person who 
moves the motorcycle. 

This research ultimately specializes in finding 
features related to IoT adaptation into the scope of the 
study, in line with current needs that show the need for 
Industry Revolution 4.0 (IR 4.0) elements to be 
implemented into IoT systems and applications. It allows 
Information Technology (IT) systems to be coordinated 
with engineering elements in an intelligent and portable 
product, develops in the form of a platform that can 
perform long-distance monitoring, using hand-held 
applications such as smartphones; with wireless and 
mobile capability [25], [26].  

Therefore, the development of the IoT Motorcycle 
Tracking System (IoTMTS) is encapsulated with the 
ability to detect changes in the location of the motorcycle 
from where it is parked; snap a picture of the person who 
moves the motorcycle, locate the motorcycle location in 
real-time, send a notification to the owner of the 
motorcycle and at the same time shows the information 
showing the movement of the stolen motorcycle the GPS 
technology. Finally, Android technology is adapted into 
IoTMTS following the sustainability of Android as one 
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of the popular end-user technologies today [27][18][12]. 
Figure 1 shows the theoretical framework of IoTMTS. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Phases in RAD  
 

3. PROPOSED SOLUTION 
3.1 Methodology 
This project was implemented with the Rapid 

Application Development (RAD) model. RAD 
methodology is the most suitable as it designs to produce 
a high-quality output in the shortest time compared to 
traditional lifecycle software development [28]. Besides 
that, it can provide the output of the product in a very 
short time and getting feedback from the testing phase to 
reshape the requirements There are four-phase in the 
model shown in Figure 2 [28], [29].  

 
 
 
 
 
 

 
Figure 2: Phases in RAD  

 
3.2 Proposed Solution 
3.2.1 System Architecture and Design  
IoTMTS is developed based on Raspberry Pi OS as 

the base platform, with React Native as the android 
support platform; both are connected to the server. The 
Raspberry Pi OS platform and the output-input device on 
the working GPS Module will be in stand-mode against 
any movement of the motorcycle. Any detection will 
cause the sensor to activate the camera, and the snapped 
picture will be processed by the HSV algorithm to ensure 
it is clear. Raspberry Pi OS platform then sends 
information to the database using wireless technology, at 
the same time sends notifications including pictures and 
GPS information to the user on an android application. It 
is accompanied by a ‘beep’ sound as an alert that the 
motorcycle is being moved along with a real-time GPS 

map that shows the movement of the motorcycle (if any). 
Figure 3 shows the system block diagram of IoTMTS, 
while Figure 4 shows the flow process. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 3: System block diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Flow process  
 
3.2.2 Hardware Configuration 
The hardware required in the development of 

IoTMTS prototypes are: 
 Raspberry Pi 3B 

Raspberry Pi functions as a microcontroller that 
implements GPS devices. 
 Neo 6M GPS module 

The functional GPS module configures the 
Raspberry Pi OS to perform functions related to 
GPS data. 
 Beelink EVO Tech J36V Mini PC 

Mini Personal Computer (PC) with at least 4GB 
RAM recommended to configure code for 
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Raspberry Pi, GPS module, and Android Studio. 
 Android Smartphone 

Android smartphone minimum android SDK 
version 10 is needed that supports the use of Google 
Map API. 

 
3.2.3 Software Configuration 
The software required in the development of IoT 

MTS prototypes are: 
 Raspberry Pi Operating System 
The operating system for Raspberry Pi to 

implement the IoTMTS prototype. Based on 
Debian, it uses the Debian Linux Command Line 
Interface to program the Raspberry Pi with the GPS 
module. 
 Firebase 

A toolset that serves as a firebase, used in 
authentication and database work. Firebase in the 
IoTMTS prototype uses the authentication of the 
phone number of the motorcycle owner before 
accessing the android application. Firebase is also 
used to store and sync the GPS data that has been 
delivered by the GPS tracker and delivered to the 
android application. 
 React Native 

A JavaScript framework for coding purposes, a 
natively rendered mobile application for iOS and 
Android. The language used to create the front end 
and back end for the IoTMTS prototype. 
 Expo Tools 

A set of tools that shorten the development and 
testing of React Native application and arms with 
the components of UI and services that are available 
in third-party React Native components.  

 
3.2.4 The Interface 
The interface for IoTMTS are as shown in Figure 5. 

Figure 5: The Interfaces 
 

4. TESTING 

In this section, the testing process of the developed 
prototype is discussed. The testing is done to verify the 
data is successfully transmitted, from the detection of the 
motorcycle movement to the picture snapped, and the 
notification received by the motorcycle owner in the 
android application containing the picture, location 

movement in real-time, and location history to 
motorcycle movement. 85% of functional testing showed 
positive results. 

 
5. CONCLUSION 

  
Based on the testing result, it can be concluded that 

the prototype of IoTMTS has achieved good 
functionality. It clearly shows that the developed 
prototype is capable of detecting and reporting the 
location of motorcycles diverted from the place where 
they are parked, achieving the goal of the study to 
propose an IoT tool that allows the search for stolen 
motorcycles. Further research is recommended to fit 
IoTMTS to the physicality of a motorcycle so that it has 
commercial value to enable it to be marketed.. 
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Abstract — LoRa has been appointed as one of the 
promising wireless protocols for IoT and smart 
applications, due to low power consumption and large 
coverage characteristics. This study focuses on designing a 
LoRa data transmission system, consist of LoRa end device 
and LoRa gateway.  The electronic design and network 
design of the system from IoT layer perspective is proposed 
and implemented. Results show that data is successfully 
received by LoRa gateway when using the designed and 
developed system. 
 
Keywords — IoT Application; LoRa; Wireless Protocol.  
 
1. INTRODUCTION 

Currently, Internet-of-Things (IoT) becomes a very hot 
topics, where it is predicted to be a core technology to improve 
human life in every aspect. The IoT technology enable 
machine-to-machine interaction that can help human to 
increase the quality of life and job productivity, through IoT 
applications [1][2], such as smart manufacturing, smart health 
management, smart agriculture, and smart city.  The component 
of IoT application consists of 5 layers; perception layer, 
transport layer, processing layer, application layer and business 
layer [3][4]. Perception layer is also known as device and 
sensors layer where an IoT input device input as sensors, 
camera and RFID tag sense and collect information from smart 
application. The collected information is then forwarded to the 
transport layer by any wireless protocol setup in a gateway to 
be processed in processing layer.  

For IoT applications, wireless protocol such as Zigbee, 
6LowPan, Bluetooth and LoRa (Long Range) have been 
appointed as a potential protocol due to their low power 
consumption characteristics [5]. The characteristic summary 
for those protocol is show in Table 1.  It has been stated in [6][7] 
that, an IoT devices are low power consumption device, so that        
the wireless protocol used in the IoT application should   has a 

low power consumption characteristic. From Table 1, all the 
protocols, are suitable to be used in IoT application, except for 
Wi-Fi protocol. Since many IoT application such as smart 
campus and smart factory need to be setup in a large area, 
protocols such as Bluetooth, ZigBee, Z-Wave and 6LowPan are 
not suitable due to its smaller coverage. LoRa however 
outperforms other protocols in term of coverage area, where it 
can transmit data up to 15km, as shown in Table 1. The 
characteristic is essential in setting up long rage application 
such as in smart campus, smart cities, and forest.  

In this paper, the development of data transmission from 
IoT device in perception layer to processing layer will be 
discussed. The data transmission prototype consists of IoT 
Device/End Node, IoT gateway, LoRa Network Server and 
Application Server as shown in Figure 1. The data transmission 
from End Node to LoRa Gateway uses LoRa connection while 
Configuration between LoRa Gateway, Sever and Application 
Server use Wi-Fi/Internet connection. This paper is organized 
as follows: Design and Implementation in Section 2, Result and 
Discussion in Section 3 and Conclusion in Section 4. 

 
 
 

Table 1: Comparison of IoT Wireless Protocol Capability 
 
 

 
 
 
 

Characteristic Bluetooth ZigBee Z-Wave 6LowPan Wi-Fi LoRa 

Max Data Rate 1 Mbit/s 250 kbit/s 40 – 100 kbit/s 250 kbps 54 Mbit/s < 50 kbps 

Topology Scatternet Mesh Mesh Mesh Star Star 

Power Usage Low Low Low Low High Low 

Coverage Area 10 m 50 – 100 m 30 – 100 m 10m – 30 m 100 m 10 – 15 km 

Figure 1: Prototype Configuration Flow 
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2. DESIGN AND IMPLEMENTATION 
 
The development of the prototype requires specific hardware 

and software as shown in Table 2. 
 

Table 2: Description of Prototype Components 
Component Role Hardware/Software 
End Device Collect data using 

sensor/RFID/camera 
from an IoT 
Application 

Arduino Uno 
DHT Sensor 
Dragino LoRa 
Shield 

LoRa 
Gateway 

Receive data from 
End Device using 
LoRa wireless 
protocol, and send 
data to the network 
server 

Raspberry Pi 3 
 
LoRa Module 
sx1276 

Network & 
Application 
Server 

Receive data from 
LoRa Gateway, and 
send data to 
processing layer 

The Things Network 
(TTN) 
Hyper Text Transfer 
Protocol (HTTP) 

 
 

2.1   Network Design 
 
 

 
       LoRa Connection 

IP connection 
 

Figure 2: Network System Architecture 
 

Figure 2 shows system architecture for the developed LoRa 
data transmission system. The system consists of: 
 End device: A LoRa End device is used to transmit small 

amounts of data to the gateway using low frequencies at 

long distances. DHT11 is used as an input sensor while 

Arduino with Dragino LoRa shield is used as an end 

device to carry the data to the gateway. 

 LoRa Gateway: A LoRa gateway receive data from end 

node through radio frequency and forward the data to the 

network server through the IP connection.  Here, 

raspberry pi and LoRa sx1276 are used as a LoRa 

gateway, to carry data from end device to the server. 

 Network Server: It manages the entire network. When 

it receives the packet, it eliminates packet redundancy 

and performs a security check and choose the right 

gateway to send back an acknowledgement message. In 

this project, TT network has been used to send received 

data to the application server.  

 Application Server: Application Server is the end server 

where all data sent by end device is post processes like a 

database. HTTP server is used in this project. 

2.2   Hardware and Electronic Design 
Figure 3 – 5 show schematic design for LoRa End Device 

and LoRa Gateway. The Lora End Device consist of Arduino, 
Dragino Lora shield, and DHT11 sensor, while Lora gateway 
is developed using Raspberry Pi and Lora Module sx1276. 
GPIO pin connection between Arduino Uno and Dragino Lora 
Shiled is shown in Figure 3.  The DHT Sensor is connected to 
both Arduino and Dragino Pin as shown in Figure 4. For Lora 
Gateway, Pin connection between Raspberry Pi and LoRa 
Module sx1276 is shown in Figure 5.   
 

 

 
Figure 3: Hardware design for LoRa End Device (LoRa 

Shield to Microcontroller)  
 

Figure 4: Hardware design for LoRa End Device (Sensor to 
Microcontroller) 

 

Arduino & 
Dragino 
GPIO Pin

DHT11

2 DATA
5.0 V VCC
GND GND

Arduino 
Uno Pin

Dragino 
LoRa 

Shield Pin
3.3V 3.3V

GND GND

2 SV1

3 SV2

5 SV7

10 10

13 34

11 37

12 33
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Figure 5: Hardware design for LoRa Gateway 
 

2.3   Implementation 
The implementation steps consist of hardware and software 

development setup and configuration for LoRa Node and LoRa 
Gateway. The arrangement to do this project is start up with 
LoRa Gateway first and then setup the LoRa Device. The LoRa 
Gateway must be setup first to get the Gateway ID. Then, the 
Gateway ID is used to register the LoRa gateway to the The 
Thing Network (TTN) to make sure the gateway is successfully 
setup. The device is then registered into the Application in The 
Thing Network.  When registration process finish, it will 
generate the network key, application key and device address. 
All these keys are used by the LoRa Node for data transmission. 
This LoRa development consist combination of few devices. 
The flow of this project is the LoRa device sent temperature 
and humidity data to LoRa gateway via LoRa connection. The 
data from LoRa gateway transfer to cloud The Thing Network 
(TTN) to store the data via Internet connection. LoRa device 
use Arduino Uno, Dragino LoRa Shield and temperature and 
humidity sensor (DHT11). The LoRa gateway use Raspberry 
PI B+ and LoRa module sx1276. The Thing Network (TTN) is 
the very cloud use for data storage 

Figure 6 and 7 shows prototype that has been developed 
based on design stated in the previous section. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Lora End Device 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Lora Gateway 
 

3. RESULT AND DISCUSSION 
In this section, the testing process of the developed prototype 

is discussed. The testing is done to verify the data is 
successfully transmitted using the developed prototype. Several 
data packet has been transmitted from End Node Devices to the 
Lora Gateway. 

The testing process consist of the following steps: 
 Setting up LoRa End Device 

The developed LoRa End Device as designed in Figure 6 

is tested using Arduino IDE. The End Node is 

considered successfully developed once it can collect 

input data from DHT11 sensor and send the data as 

shown in Figure 8. 

 

Figure 8:  LoRa End Device Validation Testing  

 

 Setting Up Lora Gateway 

The developed LoRa gateway as designed in Figure 7 is 

tested using Raspberry Pi and TTN. The testing parameter 

is set up as shown in Table 3.  The LoRa Gateway need to 

be registered and recognized by the TTN. The Gateway is 

Raspberry 
Pi GPIO Pin

Lora 
Module 
sx1276

1 VCC
6 GND
7 D100
11 RESET
22 NSS
19 MOSI
21 MISO
23 SCK
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successfully developed once the TTN can detect is 

location as shown in Figure 9. 

 

Figure 9: LoRa End Device Validation Testing  

 Data Transmission Testing 

The third test is to validate data transmission between End 

Node and the gateway. Three packets have been sent from 

End Node to the Gateway.  It can be seen From Figure 10 

(Raspberry Pi Terminal) that the packets are successfully 

received by the Gateway. The results are summarized in 

Table 3.   

Figure 10:  Successfully received packet by the Gateway. 

From Figure 10 and Table 3, the developed prototype 
successfully performs the data transmission between End Node 
and LoRa Gateway and From RSSI level, packet 3 is well 
received compared to other packets.  
 

Table 3: Packet that successfully received by LoRa gateway  

 

4. CONCLUSION 
In this paper, the design and development of LoRa data 

transmission have been discussed. The prototype consists of 
End Node Device, Lora Gateway, Network Server and 
Application Server. End Node Device is developed by using 
Arduino, Dragino Lora Shield and DHT 11, while LoRa gate 
way is developed by using Raspberry Pi 3 and LoRa Module 
sx1276. The Gateway is configured using TTN and Wi-Fi 
Connection. From the results, the data is successfully 
transmitted from End Node to Gateway Node with Packet 3 
have the highest received signal strength RSSI. The received 
signal strength will change based on obstruction between End 
Node and Lora Gateway. For future work, the relation between 
RSSI and the channel condition between End Node and Lora 
Gateway, and data transmission for a hybrid network system 
such as a combination between LoRa and Wi-Fi connection in 
smart application will be discussed.   
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Abstract — Current office attendance systems are not 
equipped with body temperature scanning module that 
could automatically prevent entry from those persons with 
COVID-19 symptom. This paper discusses a development 
of smart attendance system that can help in reducing 
COVID-19 cases in workplaces by proposing a smart 
attendance system with body temperature detection 
function. The system is developed for two users, workers, 
and administrators, consists of prototype and web system. 
Results show that the designed and developed smart 
attendance system has been able to measure worker’s body 
temperature and trigger the administrator to stop the entry 
from workers that having fever.  
 
1. INTRODUCTION 

On 30th January 2020, the World Health Organization has 
declared a Public Health Emergency of International concern 
as a virus called COVID-19 started attacking people in Wuhan, 
China. During a very short period, the number of people 
infected by the virus is growing not only in China, but it is 
spreading across the world. The virus is declared as a pandemic 
on 11th March 2020 [1]. Many countries have declared 
lockdown by their Prime Minister and started to figure out the 
symptoms of the virus and ways to prevent the virus to be 
infected from one person to another person. The symptoms and 
ways of has prevention been defined by the doctors from across 
the countries. One of the common symptoms is fever, where the 
body temperature of those having fever will increase above 
37.5 ℃ [2] 

In Malaysia, fully lockdown of Movement Control Order 
(MCO) 1.0 has prevented all the industries to stop working and 
stay at home. In two months, the number of cases has drop to 0 
cases per day. A few weeks later, the number of cases went 
higher per day and the country could not effort to generate 
much income and people has started to losing job. MCO 2.0 
follows by MCO 3.0 are then implemented by the government, 
where only selected industries are given permission to work, 
and others can start work from home (WFH). Though, during 
MCO 2.0 and MCO 3.0 implementation, cases from working-
places are increasing [3].  The operational of some industries 
such as essential factories need to be assisted with smart 
application that can reduce COVID-19 cases.  

In this project, a new attendance system is developed to fit 
in the current world pandemic of COVID-19. The current 
system of attendance system only included RFID tag to record 
the employee attendance. The developed system applies RFID 

technology similar to another IoT application as shown in [4]-
[6]. The current system could not automatically prevent access 
from a person with symptom, where a security guard needs to 
manually scan the staff/visitor body temperature. This will 
cause congestion in office entrance.  In this new developed 
system, an infrared thermometer is included with the RFID tag 
to record the employee attendance. As stated earlier, the most 
common symptom of COVID-19 is by having a fever. Most of 
pandemic diseases have symptom of high fever such as having 
a body temperature higher than 37.5 ℃. Hence, with the new 
developed system, it will help an organization to detect the 
symptoms of COVID-19 only avoid workers with the symptom 
coming to the workplace.  

The new developed attendance system will scan body 
temperature of employee and checks their temperature. If the 
temperature is above 37.5 ℃, they are prohibited from record 
any attendance. The system will only allow the registered 
employee with temperature lower than 37.5 ℃ to record 
attendance and enter the office building. Hence, this project 
will also help preventing any COVID-19 cluster inside a 
working place such as factories and offices. 

The attendance system consists of two components: 
interface for the user of employee and the administrator of the 
system. As for the employee, they can see their current 
attendance record using LCD monitor display with a green and 
red LED. The LCD monitor display will show their body 
temperature and status of attendance while the functionality of 
LED will turn on green as indication of success and red for 
indication of failure. As for administrators, they will monitor 
their workers’ attendance and body health record in a web 
browser. From the web browser, they can monitor and update 
the data inside the system using a graphical user interface which 
make it a lot easier.  The developed attendance system will keep 
the records in a database system. Hence, the data will have a 
large storage to keep all the information. In addition, it will also 
help the integrity of the data. 

In this paper, the development of a smart attendance system, 
equipped with body temperature scanning module to prevent 
staff with COVID-19 symptom from entering the workplace is 
discussed. The system applies IoT technology, by using IoT 
devices such as RFID sensor, Wi-Fi, body temperature sensors, 
and microcontroller. Furthermore, this system is also equipped 
with a user-friendly administrator interface, and all data is 
stored in a database system that can be used in future forensic 
investigation. 
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2. DESIGN AND IMPLEMENTATION 
The system is developed for two users as shown in Figure 1, 

described as follows: 
 Employee 

 
i. Scan their body temperature and RFID tag before 

start working inside an office 
ii. Scan only RFID tag when leave the building 
iii. Multiple messages through alert and notifications 

are sends to employee through buzzer, LED and 
LCD monitor display to indicate their attendance 
status 

 Administrator 
 

i. Administrator can monitor, update, add and 
delete the data in the attendance system via web 
browser 
 

The development of the prototype requires specific software 
and hardware as shown in Table 1 and Table 2. 

 
Table 1: Required software with functionality 

Software Functionality 
Arduino IDE 
1.8.13 

The script that is written in Arduino IDE is 
to detect temperature, RFID tag and 
connecting to home network wirelessly. It 
also uses PubSubClient library to connect to 
MQTT and communicate with the devices 
in Arduino Uno R3. 

Node-RED It uses MQTT connection from Arduino 
Uno R3 to be connected with Node-RED to 
send and receive the data. From there, 
Node-RED are used as a medium to 
configure, develop and create multiple 
extensions to be connected with the data 
given by the Arduino such it is also 
connected with the Mosquitto Broker, 
Apache, MySQL and phpMyAdmin. 

Mosquitto 
Broker 

It receives the message from Arduino Uno 
R3 and Node-RED then routes the message 
between them. 

XAMPP Allows an open source of Apache HTTP 
Server to be access on local computer. It 
also allows a MySQL database and 
phpMyAdmin as an Administration UI for 
MySQL inside local computer. 

Sublime 
Text 3 

Used as a programming tool to writes the 
code for Apache HTTP Server. 
 

 
 
 
 
 

 
Figure 1: Users’ component 

 
Table 2: Required hardware with functionality and picture 

Hardware Functionality Picture 
Arduino Uno R3 A microcontroller 

that is used with 
embedded electronics 
and sensor for the 
project 

 

 

ESP8266-ESP01 
Wi-Fi Module 

Give the ability for 
the device to 
communicate to 
home network 

 
ESP8266 Adapter 
Breakout Module 

Give the stability of 
connection 
 

 
RFID MFRC522 Detect the RFID tag 

 
RFID Tag 13.56 
MHz 

It has 13.56 MHz Mi-
Fare 1K RFID that 
allow read and access 
of RFID tag 
 

 

 
Ultrasonic sensor Locate user’s hand 

distance from the 
temperature sensor to 
detect temperature 
sensor at specific 
distance range 
 

 

Infrared 
Thermometer 
MLX-90614 

Captures employee 
temperature in degree 
Celsius 

 

 
LCD I2C 1602 
Display 

Send notification to 
the user indicate the 
current status of their 
attendance   
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2.1   System Design 
 

 
 

Figure 2: Design of the Proposed System   
 
 

Figure 2 shows overall design of the proposed system. In 
developing this project, a connection from a laptop and 
ESP8266 is connected wirelessly with Wireless Access Point 
through modem and internet. Thus, this connection allows both 
devices getting IP Address and communicate with each other. 
In addition, it allows all devices that are connected to Arduino 
to be able to send and receive messages. Buzzer, temperature 
sensor, Ultrasonic sensor and RFID sensor data is read as an 
input then message is route within the network to be received. 
Based on the input given by the sensors, a new message is 
created then it sends to LCD display and LED to show the 
indication of the employee attendance. 
 
2.3   Hardware and Electronic Design 

Figure 3 shows semantic design of the hardware used which 
are already stated in Table 1. The following hardware are 
combined to perform as a complete attendance system. Table 3 
below shows the details on how it connected using 
microcontroller of Arduino Uno R3. 

Figure 4 shows the system deployment of Smart Attendance 
System. The Arduino IDE is a platform to write the code that 
allow the hardware to work. The Arduino IDE will transfer the 
data through ESP8266 Wi-Fi module to connect to home 
network. The data is passed to Mosquitto software then together 
with other software such as Node-RED, XAMPP, MySQL 
database and Sublime Text 3 will process the data and represent 
the data through LCD monitor display, LED, and web browser. 
The transmission of data also uses Mosquitto software. 

 
 
 
 
 
 
 

 
Table 3: Details of each Pin Number 

Hardware Wire Pins 
 
 

RFID MFRC522 
 

3.3V 3.3V 
RST 9 
GND GND 
MISO 12 
MOSI 11 
SCK 13 
SDA 10 

 
Infrared Thermometer 

MLX-90614 
 

VIN 5V 
GND GND 
SCL A5 
SDA A4 

 
 

Ultrasonic Sensor 
VCC 5V 
TRIG A2 
ECHO A3 
GND GND 

 
ESP8266-ESP01 Wi-Fi 

Module 
 

VCC 3.3V 
CHPD 3.3V 
TXD 2 
RXD 3 
GND GND 

 
LCD I2C 1602 Display 

 
GND GND 
VCC 5V 
SDA A4 
SCL A5 

 
Red LED ANODE 4 

CATHODE GND 
 

Green LED ANODE 5 
CATHODE GND 

 
Buzzer ANODE 8 

CATHODE GND 
 

 
Figure 3: Hardware Installation 
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Figure 4: System Deployment 

 
 
3. RESULT AND DISCUSSION 

In this section, the testing process of the developed prototype 
is discussed. The testing is done to verify the data is 
successfully transmitted using the developed prototype. An 
extension from Node-RED using Mosquitto Broker has allow 
the application to send any data to Arduino. It sends notification 
to the user through LCD monitoring display and LED. In 
addition, an extension from application XAMPP allows Node-
RED to store data into database for update, display and delete 
any data from the attendance database. Hence, administrator 
has access to all the data in attendance system. 

Testing result for employee part is shown by using LCD 
monitor display and LED indicator as shown in Figure 5. 

 
 

 
Figure 5: LCD monitor display and LED indicator 
 

Figure 5 shows a message showing body temperature of user 
is being displayed in LCD monitor display. The same method 
is used to display the exist of RFID tag, non-exist RFID tag, 
insert of time in and time out. A light of green LED that indicate 
a success. LED is also an output for user to know whether the 
process is done such as success of inserting time in or out, 
success of identify the input data of RFID tag and temperature 
is valid or invalid. Red LED will indicate as failed process 
while green is a succeed process. The Red LED will be 
activated together with an alarm to show the scanned person is 
having a high fever, thus is prohibited to access the workplace. 

Figure 6 shows the attendance page for administrator. This 
page is to display the attendance data of the system. The other 

functionalities of the page are search, update and delete 
attendance data. There are also other pages such as homepage 
and employee page. 

 
 

 
Figure 6: Administrator Interface 

 
4. CONCLUSION 

A smart attendance system with body temperature detection 
module has been developed to prevent COVID-19 cases in a 
workplace. The prototype is developed using RFID sensor, 
RFID detector, microcontroller, body temperature sensor and 
ultrasonic sensor, while the web system is developed using PHP 
language with MySQL database. The developed system has 
been able to record attendance and measure body temperature, 
thus prevent entry from the workers that having fever. For 
future work, this system will be tested by a target user to verify 
the effectiveness of the developed system.  
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Abstract — This paper presents the development of the 
climate control system for the low-end vehicles based on 
thermal comfort. The climate control system consists of 
automatic blower and temperature using intelligent sensory 
and controller system. The advantages of the climate 
control system are like, low-energy consumption rate, fast 
response to stabilize vehicle cabin temperature, automatic 
control without human intervention and etc. However, the 
climate control system usually can be found inside a 
premium and luxury vehicle but for low-end vehicle, the air 
conditioning system is manually controlled. This research 
utilizes auto climate control system to measure the thermal 
comfort, while low-cost controller board and several type of 
sensors such as pressure, humidity and infrared 
temperature sensors are employed for the implementation. 
The paper only cover the development process only and not 
includes the simulation or experimental studies yet. The 
system is hoped can be used for upgrading HVAC system 
for low end vehicle.  
 
Keywords — Climate Control, Low-End Vehicle, Low-Cost, 
Thermal Comfort. 
 
1. INTRODUCTION 
 
Vehicle’s HVAC is a system used inside the vehicle cabin that 
utilize several components to manage the pleasant level of 
comfort to the passengers by controlling temperature. The 
HVAC system consists of one or more blower motors, actuators 
like fresh air circulation controller, air-flow control and 
temperature controller, and refrigeration unit coupled with 
many ducts to transfer air inside the cabin. Packard (1939) 
marketed the first mechanical automotive A/C system working 
on a closed cycle. The system used a fundamental component 
for the A/C system such as, compressor, condenser, receiver 
drier, and evaporator that was fitted under the trunk to operate 
the system. Later, the automotive climate control was 
introduced by Kolbe in 1964, and a similar derivative of the 
original analogue linear controller is still widely used to date. 
During the last few decades, research on Automotive Air 
Conditioning System (AACS) reached a milestone in the 
comfort, safety, and economy. However, experimental study on 
the system’s performance based on the AACS's variable 

operating conditions is limited. The performance and efficiency 
of any AACS commonly depends on the compressor speed, the 
blower speed, the refrigerant charge level, and the ambient 
condition. In addition, the combined effect of these parameters 
on the performance of AACS could be non-intuitive. [1] 
proposed improvement on the existing algorithm by separating 
transient and steady-state controls to make the path to steady-
state tuneable. [2] proposed two methodologies for AACS; the 
usage of recirculated air and the reduction of reheat with a 
detailed strategy of blower speed control based on thorough 
analysis and experimental studies. Khayyam et.al made some 
consolidated studies for the energy optimization of AACS 
using different control strategies, including neural networks [3] 
and fuzzy logic [4]. Next, [5] and [6] focused on power 
management strategy in vehicle’s cabin for electric vehicle (EV) 
by using dynamics programming principle (DPP), meanwhile 
[7] utilized DPP on EVs to solve the major dynamic 
programming problems. [8] supervised the thermal system 
dynamics controller for hybrid electric vehicles (HEVs) by 
develop energy management strategies (EMS) using DPP that 
accounted variety of system dynamics that led EMS closer to 
the reality. [9] and [10] proposed dynamics principle methods 
to solve the energy management problem in vehicle cabin on 
EV to improve thermal comfort by allocating a small additional 
amount of energy for air conditioning. [11], [12], [13], [14], [15] 
and [16] proposed Design for Six Sigma (DFFS) approach to 
identify the best combination of system components and air 
distributions that can achieve the optimized AC performance. 
[17] described newly developed model in loop simulation 
(MILS), which enable design for cooperative climate control 
logics between automotive HVAC and auxiliary thermal 
devices to make it more efficient by considering thermal 
sensation and comfort of the user. Proportional integral (PI) 
controller unit is commonly used for feedback controller in 
industrial processes. [18] used the system that used PI 
controller for climate control module. Based on [19] and [20], 
human response to the thermal environment depended mainly 
on six factors; air temperature, mean radiant temperature, air 
velocity, relative humidity, physical activity and clothing 
thermal resistance. The focus of the ACCS is to provide an 
individual feel-good climate for the user/passenger. It 
automatically controls the temperature, airflow, and air 
distribution inside the passenger's compartment while driving. 
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High performance HVAC systems on the passenger’s cabin and 
associated passenger thermal comfort become a central aspect 
during the car design process. Moreover, energy saving for the 
cabin air-conditioning has become critical to electric and hybrid 
vehicles, where waste heat is not abundant. The energy 
consumed by the air-conditioning system may reduce the 
driving distance drastically. 
 
2. METHODOLOGY 

 
In this study, the preliminary phase involves a review of past 

and present literature, which covers several relevant approaches 
used to provide the best methods for designing a system to 
improve and replace existing systems. This is to ensure not only 
a more efficient system can be produced, but also the original 
purpose to provide passenger's comfort sensation can be 
achieved. The basic theory of vehicle air-conditioning system 
design is explored through software and hardware for 
development and designing purposes that must comply with the 
regulatory requirements, including factors that influence 
effectiveness in effective maintenance.  

The process then will be carried out as required and will be 
simulated by using MATLAB/SIMULINK before the 
experimental studies can be done. To be details, the scope of 
this study will be on the system that will be used to control 
simulation model of automotive HVAC system in order to 
achieve passenger’s thermal comfort. In this process, the 
automotive HVAC performance such as response time, blower 
speed, compressor speed, and HVAC energy consumption rate, 
will be analysed. However, the volume of cabin will be fixed at 
2.5m3. In addition, the condition of disturbances factor 
parameter such as ambient temperature, cabin humidity solar 
radiation and vehicles speed, will be included and illustrated in 
Table 1. Based on the literature [17], the supply airflow rate 
strongly depends on the speed of the car. The volumetric of 
supply airflow rate is measured based on mathematical 
expression. However, the air flow velocity inside the cabin 
assuming very small, which is around 0.15 ms-1, and will be 
neglected. 

In addition, the passenger comfort using the different 
meteorological in the tropical climate and traffic condition such 
as driving in urban area and highway also will be simulated. 
For the experiment, the driving period for the testing process 
were set around one (1) hour and the testing period also 
considered. In addition, the weather condition also will be 
included. The testing condition is shown in Table 2. 

However, for the testing, the pressure sensor, humidity 
sensor, carbon dioxide (CO2) concentration level sensor and 
infrared temperature sensor were used and placed inside the 
cabin. 
 
 
 
 
 

Table 1: Disturbance factor parameter 

Parameter Range Unit 
Ambient 
temperature 

20 to 38 ˚C 

Cabin humidity 40 to 60 % 
Solar radiation 0 to 767 W/m2 
Vehicle’s speed 40 to 80 km/h 

. 

Table 2: Testing condition 

Ambient temperature   38 (°C) 
Ambient humidity  40 (%) 
Solar radiation  0 (W/m2 
Vehicle’s speed  40 (km/h) 
Cabin Initial temperature   38 (°C) 
Set temperature 24 (°C) 
Cabin volume 2.5 (m3) 
Number of Occupants  1 Person (driver only) 

 
 The mathematical model for the system includes the thermal 

load for the automotive thermal environment. In order to obtain 
the best result, every thermal factor must be calculated. A first 
law efficiency, coefficient of performance (COP) is the most 
common approach in determining HVAC system’s 
performance which is depending on compressor power 
consumption. Thermal sensation and comfort of occupants are 
computed based on the heat loss of occupants. [17] stated that 
occupants' local thermal sensation is estimated by equivalent 
temperature. 

 To optimize the cooperative climate control logics, it is 
necessary to minimize the energy consumption under the 
constraint of creating thermally comfortable environments. To 
design suitable climate control devices, thermal sensation and 
comfort must be taken into account. The auto climate control 
system (ACCS) must consist of a thermal environment, thermal 
device/ sensor, ambient conditions, climate control logics. 
Figure 1 shows the various thermal load categories encountered 
in a typical vehicle cabin by [21]. 

 

 
Figure 1: Thermal load in typical vehicle cabin [21]. 
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3. RESULT AND DISCUSSION 
 
This study will provide a framework for research in vehicle 

thermal comfort which focuses on auto climate control system 
(ACCS). The ACCS design process consists of two parts 
(ACCS controller module and vehicle HVAC model). Figure 2 
illustrates an overview of proposed ACCS. There are three 
components in this model which are AC control model, blower 
control model, and interior cabin room model. The models then 
will be connected to the ACCS controller. The design has taken 
into consideration of disturbance factor, weather and traffic 
condition. The next part is ACCS hardware that illustrated in 
Figure 3. All the components are connected to ACCS controller 
board to embedded the system. Wi-Fi shield will be utilized and 
connected to ACCS controller to get the raw data from the 
system, where the ACCS controller will be connected to the 
internet using the Wi-Fi library and the data from the system 
easily obtained. The functional block diagram for the ACCS 
shown in Figure 4. Transient state will be executed when the 
cabin room condition is outside the range of user thermal 
comfort. After the completing the execution of the transient 
state, the steady state component will be commenced. Table 3 
shows the targeted result in this study. 

 

 
Figure 2: Overview of auto climate control system (ACCS) 

 
 
 

 
 

Figure 3: ACCS Hardware and connection 

 

 
 

 
 

Figure 4: ACCS Process Flowchart  

 
Table 3: Summary of car’s HVAC performance analysis 

 
Response time (s) Cabin temperature stabilize 

within 16.7 minutes 
Blower speed (m/s) Min [1.6], Max [2.5] 
Compressor speed (rad/s) Min [ 150], Max [ 350] 
HVAC energy  
consumption rate (W/s) 

1.92 

 
 
4. CONCLUSION 

 
The automotive climate control system based on thermal 

comfort for low-end vehicle has been successfully developed 
and prototype. The design development has followed 
thermodynamics principles for HVAC system. The system has 
three main components; AC control model, air conditioning 
control model and interior dynamics model. The HVAC system 
is controlled by low-cost ACCS controller. In some traffic 
situations, reducing vehicle speed can result in energy savings. 
In addition, to maintain an overall neutral sensation, the HVAC 
dampens the heating/cooling by accounting for the effects of 
the auxiliary thermal devices. The development and design 
process involves determining the market needs for low-end 
vehicle, the ACCS prototype has been testing and finalized. 
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Abstract —This paper aims to present the proof-of-concept 
of a client-centric courier delivery route planning use case 
proposed for the Innovate Malaysia Design Competition 
(IMDC) 2020 competition. The project has proposed a near 
real time client-centric route planning solution to assist the 
courier pick-up and delivery process at DHL. The proposed 
solution was demonstrated through a web-based dashboard 
to support courier delivery process, and an administrative 
reporting module. The mobile application consists of two 
key modules which are (1) the route scheduling module, (2) 
the chatbot delivery amendment module. The dashboard 
reporting helps the administration staff to achieve smart 
monitoring and needs prediction, while the mobile 
application encourages transparency of the parcel delivery, 
as well as better preparation to receive the parcel on the 
client-side. The project follows the rapid prototyping 
methodology. The project extended the VROOM open-
source library for the routing machine, and the RASA 
framework to develop the customer service chatbot. The 
alpha testing has been carried out using a real customer 
courier dataset provided by DHL Subang Jaya, Malaysia. 
The proof-of-concept has been presented and validated by 
the DHL customer services unit. 
 
Keywords — data analytics; route planning; intelligent 
chatbot 
 
1. INTRODUCTION 

Logistics management, particularly delivery route planning 
is a non-trivial issue. Many applications of route planning have 
been researched to improve the efficiency of delivery services 
both by research community, and the service providers [1]-[3]. 
In 2019, when the multinational corporation, Schneider Electric 
SE piloted more advanced ETA technology to their customers 
[4], it aims to enable Schneider and its customers to make 
flexible changes and to make the supply chain moving at peak 
efficiency with increased reliability. The productivity levels 
increased with more miles driven per day. The new ETA is 26% 
better than previous when facing the abnormal routine of traffic, 
weather or other unforeseen situations. However, most of the 
logistics delivery solution do not provide a convenient delivery 
details amendment capability to its client. 

DHL Malaysia has embarked on a smart logistic solution 
for its courier business service. Every delivery vehicle has a 
dedicated GPS location tracking system to enable real-time 
monitoring and easy delivery visibility. The current parcel 

pick-up and delivery process is accessible by the clients. The 
estimated pick-up and delivery timeframe are constrained to 
within 24 hours (1 day). DHL is striving to improve its client 
charter on better time management by providing a more 
specific estimated time of arrival (ETA). Furthermore, minimal 
human resource in the customer service department leaves the 
task of checking for customer availability is assigned to the 
delivery staff. Most of the delivery staff will perform 
availability checking before travel. However, this approach is 
inefficient from the perspective of overall logistical planning. 
Hence, integrating a smarter ETA solution into the DHL 
current's smart logistics solution will improve the customer's 
experience by providing ETA with accessibility at anywhere 
and anytime. The needs of ETA have been observed when 
DHL's customers start requesting for better ETA information 
on the picking and delivery time frame.  

Typically, simple analytics about the estimate arrival time 
is insufficient to support the actual complex scenarios in courier 
delivery route planning. A smarter ETA needs more advanced 
analytics engine to generate an optimized path with an adaptive 
model. The analytic engine will make the path with 
consideration of historical data as well as the real-time GPS 
location in assisting decision making. A client-centric solution 
will need to include the capability of the delivery amendment. 
The pick-up and delivery service should be humanized to allow 
last-minute changes up to 2 hours in advance. 

There are many proprietary route planning tools currently 
available [5]-[9]. Key concerns of the proposed solutions are 
surrounding the route optimization, driver tracking, delivery 
status, customer communications, and the proof of delivery. 
Most of the effort are focusing on the operationalization and the 
evidence reporting of the courier delivery process. Among the 
literatures, customer centric route planning is still yet to gain 
much attention in the research and development community. 
Customer experience should be the key factor in the courier 
delivery process. Hence, many processes, including the courier 
delivery route planning should also be customer-centric, 
instead of operational centric. Customers’ needs and changes 
requirements should be properly managed to achieve the best 
customer experience. This includes the changes of parcel 
receival time. The delivery route planning can be dynamically 
changed in real time according to the customer’s preferred 
receival time. 

The following section II will further discuss on the project 
development methodology while Section III will explain the 
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key features of the proposed tool. Lastly, the summary of the 
project and the future work are presented to conclude this paper.  
 
2. THE METHODOLOGY 

The development follows the rapid prototyping 
methodology, involving four major phases, i.e. the requirement 
elicitation phase, the analysis phase, the design phase, and 
implementation phase.  

 
2.1 Requirements Elicitation Phase 

Business requirements was done through interview session 
at the Subang Jaya branches on the daily scenario of the 
delivery truck driver, the workflow of sending and picking up 
the parcel, the constraints and limitations of the daily routine 
tasks, the number  of work sessions, a months’ worth of real 
data within the vicinity of Seremban, Malaysia, for tools 
development and testing purposes.  

 
2.2  Analyse Phase 

The delivery truck driver will get a list of parcels to be 
delivered, but not the delivery route for parcels. Hence, the 
driver needs to solve this travelling salesman problem (TSP) 
based on their own experience of traffic and road navigation at 
the starting point of each delivery path. Some business rules 
and constraints to be accommodated in the proposed tool are 
depicted in Table 1 below. 

 
Table 1: Business requirements of the proposed tool 

Stakeholder Rules 

Admin Charter 

Determine the right vehicle based 
on parcel weights, volume, and 
monetary value based on intuition. 
Determine manually the vehicle-
parcel load balancing. 

Driver Charter 

Automate address input error 
checking and correction. 
Suggest the number of routes to 
restock at depot for every driver. 
Provide ETA of each parcel. 
Divide the delivery planning to 
morning and afternoon sessions 
each day. 

 
2.3  Design Phase 

Figure 1 shows the business flow of the proposed customer 
centric route planning tool while Figure 2 is the proposed 
system architecture. The admin staff are responsible to initialise 
the route planning to retrieve the related reports. The estimated 
arrival time of every parcel was hosted in the google bucket in 
the CSV format before returning in JSON format using the 
python scripts and a public address through the VPC network 
of the google services hosted by the Google App Engine. A 
predefined data format is needed to initiate the route planning, 

i.e. the geocode, number of vehicles, vehicle assignment, 
delivery address, customer name, and preferred delivery time. 

The vehicle routing problem (VRP) solver is the critical 
back-end node in generating the optimised delivery route. The 
proposed VRP solver is supported by the VROOM and OSRM 
open source libraries. The delivery route planning consists of 
two major components, i.e. the VROOM routing module, and 
the OSRM module. These components are open source 
modules which must be installed in the application server. 
OSRM module is designed to run on OpenStreetMap data to 
provide the distance between two geographical locations for (1) 
job distance checking based on delivery radius set by the admin; 
(2) two-point-distance calculation in VROOM routing 
algorithm.  

 
Figure 1: The proposed business flow 
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Figure 2: The proposed system architecture 

 
The delivery route planning process starts with the admin 

sending the route requirement settings including the job details, 
delivery capacity constraints, delivery distance limit in radius, 
and the geocodes of delivery addresses to the delivery route 
planning backend server. The route requirement settings will 
then be sent to the application server in JSON format. The 
application server will then communicate with the delivery 
route planning module through API request to the web 
application. Next, the python script will invoke VROOM and 
OSRM to initiate the route planning process. The output from 
the delivery route planning module will be returned to the 
backend server in JSON format, including the driver’s driving 
distance, the driver’ job in geocode list, and the total delivery 
route distance. The geocoding process is supported by Google 
geocoding services through API request. The returned geocode 
will be stored in the server for future use.  

 
2.4 Implementation and Testing Phase 

The PHP, JavaScript, and Google analytics dashboard was 
used for the web-based dashboard development; while the 
Android mobile chatbot was developed with Java, Python, and 
the RASA open source chatbot framework [10]. The delivery 
routing map were generated using the leaflet within an 
estimated 5 minutes timeframe depending on input scale. The 
daily route plan consists of both morning and afternoon 
sessions. The solution was validated with the current practice 
of route planning by the domain experts in DHL Subang Jaya, 
Malaysia. Figure 3 and Figure 4 show the comparison of total 
vehicles duration between two approaches, and the job load-
balancing to all the drivers, respectively. 

 
Figure 3: Compare of total vehicles duration of original and 

optimal in the whole month 
 

 
 

Figure 4: Compare of jobs allocated to all drivers 
 
3. RESULTS AND DISCUSSION 

The proposed tool is a hybrid, and cross-platform mobile 
application that provides five main features, which are : (i) plan 
an optimal route, (ii) retrieve the ETA, (iii) retrieve the 
ascending order or TSP driver, (iv) view the historical optimal 
route, (v) see the visualization of route information. Figure 5 
shows the admin view of the route planning. Figure 6 is the 
delivery driver view of an optimized route plan in ascending 
orders. The customer centric component in this proposed 
solution has been encapsulated in the chatbot as shown in 
Figure 7, which can be initiated either by the delivery driver or 
the client. The intelligent chatbot enables a human friendly 
communication channel for monitoring the parcel ETA and the 
needs to change the delivery information through natural 
language processing. The customer centric component 
encourages better interactive communication from the 
perspective of customer experience in real time. 
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Figure 5: Visualization VRP route 

 

 
Figure 6: Driver ordered list of parcel location 

 

 
Figure 7: Querying for ETA using chatbot 

 

4. CONCLUSION 
The project has proposed a near real time client-centric 

route planning solution to assist the courier pick-up and 
delivery process at DHL as well as a solution to improve 
communication between DHL and the clients. The proposed 
solution includes a web-based dashboard to support courier 
delivery process, and an administrative reporting module. The 
mobile application consists of two key modules which are (1) 
the route scheduling module, (2) the delivery amendment 
module. The dashboard reporting helps the administration 
office staff to achieve smart monitoring and needs prediction, 
while the mobile application encourages transparency of the 

parcel delivery, as well as better preparation to receive the 
parcel on the client-side. Future work is to extend the capability 
of the routing services by taking into considering the size and 
load of the parcel in accordance to the body size and strength 
of the delivery staff to achieve better parcel load-balancing 
assignment. 
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Abstract —Patrolling jobs are done by security guards to 
ensure the safety of workplace buildings. However, humans 
are limited in ability to efficiently detect, record, and notify 
safety incidents. This paper proposes a robot that uses 
camera and multiple sensors to sense and record safety 
related events in and around a workplace while it is moving 
and automatically clocking at designated checkpoints. It is 
equipped with smoke and gas sensor to detect occurrence of 
possible occurrence of fire.  Using the Internet of Things 
(IoT) concept, it is connected to the internet to enable it to 
alert its users and transmit images. Through the success of 
its functionality test, it is found that a robot can functionally 
do the patrolling jobs following how it is programmed. The 
significance of this work is it integrates multiple 
technologies using components that can be easily and 
cheaply acquired to achieve a better efficiency compared to 
manual works. Future works aim to enable the robot to 
move autonomously to enable it to record sources of safety 
breach closely.  
 
Keywords — IoT; patrolling; intruder detection; fire detection 
 
1. INTRODUCTION 

Office security has been one of the major issues that every 
organization will focus on. In this case the first option that 
comes to most people’s mind is hiring security guards to patrol 
the office when no one is around but the cost of hiring a security 
guard is very high and it uses a lot of manpower [1] - [5].  

Existing works of patrolling robots aim to lessen the cost 
burden of manual patrolling jobs by using input devices, 
movement motors, recording, processors, network technologies, 
notification, and display devices. 

Table 1 below summarizes the technologies used in existing 
works that are studied. 

 
Table 1: Existing Works of IoT Patrolling Robots  

Works /  
Criteria 

Lan & 
Chang 
2020 [5] 

Patil et. al 
2017 [6] 

Rajiv & 
Zainuddin 
2021 [1] 

Amrutha 
& Rekha 
2020 [4] 

Benefit for 
Users 

Using 
improved 
home 
vacuum 
robot 

Low-cost - 
using 
Raspberry 
Pi 

Low-cost - 
using 
Arduino 

Low-cost 
- using 
Raspberry 
Pi 

Planned 
path 

No Not 
applicable 

Yes Yes - line 
following 

Intruder 
Detection 

Stereo 
vision 
system 

Web 
Camera 

Camera HD 
rotating 
camera  

Checking RFID tag No No No 
Image 
Processing 

No Open - CV Yes Yes 

IoT 
function 

Send 
image 
recorded 
to server 

Send image 
to server 
and email 
notification 

Send image 
to server 

Send 
image to 
server and 
display 

 
Existing works above focused on intruder detection through 

images captured by camera or radio waves. The work presented 
in this paper adds another important input for the robot, that is 
ability to detect fire or possible occurrence of fire through a 
smoke and gas sensing capability. 

Hence, the objectives of this work are: 
1. To design and develop a low-cost patrolling robot with 

a micro controller, camera, and sensors to move around and 
monitor the environment of the office. 

2. To equip the patrolling robot with RFID to do 
automatic clocking at designated check points. 

3. To notify the authorized person immediately when gas 
leakage is detected.  

To achieve the objectives, below are the modules needed 
for this work: 

 Sensing modules – camera, gas detection, smoke 
detection, motion detection, sound detection, line 
detection 

 Processing and wi-fi module 
 Movement module 
 Clocking module 
 User module – image display, controlling, and 

notification 
 

2. METHOD 
This topic will explain the system architecture, design, and 

implementation of the Patrolling Robot. 
 
2.1 System Architecture 

This patrolling robot has input, process, and output. The 
inputs are the sensors which are MQ-135(Gas), RC522-(RFID) 
and YCC-365 Camera (Surveillance) which can detect the 
smoke, temperature, and do surveillance of the surrounding. IR 
Line Following Sensor is used to sense the route that it should 
follow. The Motor Shield enables both right and left motor to 
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work together with NodeMCU microcontroller to follow the 
line that is sensed by the IR sensor.  
 

INPUT PROCESS OUTPUT 
IR sensor 
RFID sensor 
Gas sensor 
Camera 
 

NodeMCU 
ESP-12 

Video display 
Notification 
 

 
Figure 1: The Patrolling Robot System 

 
The main processor of the system is NodeMCU ESP-12. 

This processor is used because it integrates with IoT function 
[7], hence simplifying the process to transmit and send signal 
to the Blynk-based mobile application for alert, display, and 
user control [8]. The camera model that sends images to the 
Blynk app is a YCC-365 camera [9]. This patrolling robot 
clocks at its designated checkpoints using the RCC522 RFID 
module [10]. 

Figure 2: Logical Design of the Patrolling Robot 
 
The connectivity design of the selected hardware 

components is shown in Figure 2. Motor shield will be 
connected to NodeMCU to allow the robot to move and all the 
sensors such as gas sensor, RFID and the infrared sensor will 
be connected to NodeMCU. The NodeMCU will be 
programmed to allow all these components to function and to 
communicate and send alert to the Blynk app. The power 
supply is provided through rechargeable LiPo battery. It is then 
connected to the voltage regulator to ensure the devices receive 
the correct amount of Voltage to avoid any circuitry damage. 
For example, the camera only requires 5V thus the voltage 
regulator steps down the voltage that is being provided by the 
battery to only 5V.  

The main communication medium of this system is by using 
Wi-Fi module which comes along with the NodeMCU 
processor. From the Wi-Fi module all the unusual activities 
such as gas leakage level will be detected by the sensors and 
the processor will send the data to the Blynk server. Then from 
the server the authorized person will be alerted through the 
Blynk application via smartphone. 

Table 2 summarizes the components that are installed in the 
Patrolling Robot. 

Table 2: Components in the Patrolling Robot  
Components Description 
NodeMCU 
Microcontroller  

Used as the processor and to 
communicate between the sensors and 
the information transmitting device. 
Although cheaper than other micro 
controllers, it has flexible design and 
advanced function. 

MQ-135 smoke 
gas sensor 

To detect the leakage of gas. Has wide 
detection scope and gives quick 
response. Can detect and measure 
smoke and potentially dangerous 
chemical substances such as NH3, 
NOx, alcohol, Benzene, CO2, 
aldehydes, acid gases, sulphur dioxide, 
nitrogen oxides, polycyclic aromatic 
hydrocarbons (PAHs), benzene, 
toluene, styrene, metals, and dioxin. 

Radio-frequency 
identification 
(RFID) tag 

To replace the manual clocking system 
done by the patrolling officers. 
Automatic clocking can help to avoid 
human errors, carelessness, and 
fraudulence of the officers during their 
patrolling job. 

Infrared Sensor To provide vision with the presence or 
absence or ambience light to detect the 
set route for the robot movement and to 
sense motion. It also consumes low 
power. 

 
2.2 Logical and Physical Design 

The logical design of this project is represented in Figure 2. 
The power source is connected to the voltage regulator and the 
voltage regulator is connected to the processor NodeMCU. The 
sensors and the camera are connected to the NodeMCU as well. 
For the user module, alerts are sent to the smartphone through 
Blynk App. 

 
Figure 3: Physical Design of the Patrolling Robot 

 
Figure 3 shows the physical design of the patrolling robot. 

It replicates the actual design of the prototype. This project 
requires a three layer of robot kit to be fixed. The lower layer 
consists of the LiPo battery, IR line following sensor, gas 
sensor and the motor shield. The next layer is constructed with 
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voltage regulator and NodeMCU. RC522 RFID sensor board is 
fixed at the right and the left side of the robot kit. The camera 
is fixed at the top layer of the robot kit. The connection of the 
device has been made based on the schematic (Figure 4). 

 

 
Figure 4: Hardware Connectivity Design 

 
2.3 Hardware and Software Implementation 

Software implementation includes coding for to the IR 
Sensor, Gas Sensor, Blynk App, and the NodeMCU setup. 

 

 
Figure 5: The Completed Prototype 

 
Figure 5 shows the prototype of the patrolling robot. The 

prototype is connected to two motors attached with the tires to 
ensures it moves and functions as a patrolling robot. The 
processor and all the other sensors are attached to the body of 
this robot. The body of the robot is made of hard plastic 
wrapped with a tint film. All components in the device are 
supplied with the power that is being regulated by the voltage 
regulator.  

The Camera must be connected to the available Wi-Fi 
option as well. It is necessary to get the IP address of the camera 
to connect the device to the Blynk App. The IP address of the 

camera was figured out using the “ipconfig all” command in 
command prompt. Once the IP address of the device were found 
the device were linked to the Blynk app using the RTSP://IP 
address/camera command.  

To ensure that the voltage regulator only supplies 3 V out of 
11 V, the voltage regulator must be adjusted. This process was 
done using an Ammeter to get the perfect reading of the voltage 
that is being supplied to the components to avoid the 
components from getting burnt. The voltage regulator is being 
connected to NodeMCU through a motor shield where the right 
motor and the left motor will be connected to the motor shield 
as well. The IR sensor must be adjusted accordingly to make 
sure both sensors function at the same time. When the LED 
lights are green it means the code is working. 

 
3. RESULTS AND DISCUSSIONS 

Figure 6-8 below shows the results of the tests. The 
patrolling robot was successfully tested with the following tests: 
line following test, gas and smoke sensor test, gas and smoke 
detection notification test, camera view test, and message 
transmission duration test. 

 

 
Figure 6: Line Following Test 

 
For the line following test, different sets of paths were made 

on surfaces of different colours. The IR sensor worked best on 
the surface which has the lightest colour compared to surfaces 
of darker colours. Figure 6 shows that the patrolling robot can 
move perfectly by following the path that is made on a light-
coloured surface, using the IR sensor to detect it. 

For the user control and camera view test, the view of the 
camera is successfully transmitted to the user interface. While 
the camera view can be transmitted to the mobile display, the 
user can also leave the robot to move on its path by choosing 
the line following mode or can control its movement by 
choosing the remote-control mode. Figure 7 shows the camera 
view when the patrolling robot is moving both in the line 
following mode and the remote-control mode. 

For the gas / smoke detection test, a hair spray which 
contains flammable gas is sprayed near the patrolling robot. 
The presence of the gas is detected, and its level is shown in the 
mobile display. If the level is high, the user display shows 
notification message. User can set the level of gas / smoke that 
will trigger the alarm. Figure 8 shows the interface of the user’s 
mobile for the smoke / gas detection test.  

Tests are also made to measure the time taken for the user 
mobile to receive the messages from the patrolling robot. The 
robot is left on the ground floor of an apartment, and the user 
mobile is taken to each level of the apartment. Table 3 shows 
that the message can be transmitted in less than 2 seconds to 
every floor of a 7-floor apartment. 
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Figure 7: Camera View in Line Following Mode and in 

Remote Control Mode 
 

 
Figure 8: Gas / Smoke Detection Test and Notification  

 
Table 3: Time taken to transmit message to the mobile user 

interface 

 

 
The robot has successfully passed the functionality tests. For 

future improvements, more realistic threshold values can be set 
to trigger notifications to avoid occurrence of false alarm or 
undetected hazard. The movement module can also be 
improved to enable fully autonomous movement so that its path 
is not restricted to only following the path set earlier. 

 
4. CONCLUSIONS 

This patrolling robot has been designed to monitor the 
environment of offices, and to detect if any gas leakage or fire 
happens through the mobile use interface. Through its 
monitoring and notification functions, it helps people to guard 
the safety of the office when people are away.   
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Abstract — The increasing number of child deaths in cars 
in recent years is quite worrying. This tragedy happens 
mostly due to the negligence of parents or caretakers who 
are too busy focusing on work that they forgot to give more 
attention to their child's presence. To prevent this tragedy 
from recurring, an alert system is proposed specifically to 
detect children who are left in the car and warn the parents 
immediately through alerts in smartphones. To achieve 
this, the child alert system was developed using NodeMCU 
microcontroller where temperature and motion sensors are 
integrated as well as Blynk application being used as a 
platform to display alert notifications to parents. This 
means the motion of a child who is left inside a high-
temperature car can be detected. Parents that retrieve alert 
notifications can save their child by opening the car window 
represented by a servo motor while running towards their 
child safety. This child alert system is developed using the 
prototype methodology. Several tests have been conducted 
to ensure the functionality of the alert system. The results 
from the experimentation and tests show that the prototype 
system successfully performs its functionalities. This 
prototype of a child alert system has a good prospect to be 
installed in the real car system and will give benefits to 
parents and caretakers by helping them give more attention 
to their child's well-being. 
 
Keywords — Child alert system; Blynk, NodeMCU  
 
1. INTRODUCTION 

Nowadays, the number of children who died after being left 
inside high temperature cars is increasing. In Malaysia alone, 
the news of the deaths of children left in cars every year is often 
reported [1] – [7]. According to the Ministry of Women, Family 
and Community Development of Malaysia (KPWKM), a total 
of six cases of child deaths due to being left in a car have been 
reported since 2018 to 2020 [8] where in average there are two 
cases reported each year.  In such tragedies, many children were 
critically wounded or killed because of their parents' negligence 
in leaving them in the car under the hot sun. This is most 
probably because of the busy nature of working parents who 
are too focused on their job without realizing that their child is 
being left alone in the car.  When that happens, it will endanger 
the lives of the child because the temperature inside a car left 
under the hot weather will climb up to more than 50 degrees 
Celsius in 20 minutes and can allow heat to get trapped inside. 
Imagine if the child was trapped inside a car, the temperature 
of the child's body could grow to three times higher than the 
adult. A sudden rise in temperature in the short term causes the 

child's body temperature to rise to 41 degrees Celsius, which is 
higher than the normal 37 degrees Celsius [9]. While the child 
is in the car, the heat will cause the child to lose fluid in the 
bloodstream, brain damage, seizures, confusion, and, as a 
consequence, death due to the heat stroke [10]. Heat stroke is 
described as a condition in which the body temperature exceeds 
40.6 degrees Celsius. Heat stroke occurs when a person is 
exposed to extreme heat for a long period of time.  

A number of systems and technologies have been developed 
by researchers in order to mitigate this issue. H. Mahdin et. al. 
proposed two versions of KidCare Alarm [11]; one uses 
accelerometer sensor and the latter uses Bluetooth connection. 
The accelerometer sensor starts detection once users walk away 
from their vehicle and triggered alarm to remind them that the 
child is left behind. Whereas the application with Bluetooth 
raised alarm if user is located more than the pre-specified range 
between the user and the child. In another research work [12], 
the child alarm system utilizes various sensors such as motion 
sensor and voice detection. Any internal movement and voice 
detected in the car will generate SMS text messages that will be 
sent to the parents as warning. As for [13], the researcher 
developed child safety car alert system using Arduino and GSM 
module system. The system detects the presence of a child in 
the child seat through motion sensor and Force Sensitive 
Resistor (FSR) to detect the force applied to child seats 
depending on the average weight of children. The proximity 
sensor will check the distance between the wireless receiver 
and the child's seat. If the proximity sensor detects a distance 
outside the range while the kid remains in the child's seat, a 
wireless signal will inform the wireless receiver, which will 
generate an alarm to warn parents or the driver through text 
message and key chain alarm.  

For preventing and reducing the risk of child death in cars 
which is mostly caused by the extreme heat, we proposed the 
Alert System for Child in Car (ASFCC). An alert system is 
designed to notify parents via smartphone that their child could 
be accidentally left inside the car. This system uses high 
technology sensor such as temperature sensor and motion 
sensor. The motion sensor can sense the movement of a child 
breathing or moving inside the car when the detector is 
activated. If the sensor sensed the breath or motion inside the 
car, the child's parents will be alerted. The system is also able 
to capture the temperature and humidity readings inside the car. 
If the temperature inside the vehicle becomes too high, the 
child's parents will be notified of the dangerously high 
temperature.  

In the next section, we will discuss on the prototype design 
of the Alert System for Child in Car (ASFCC) which includes 
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the system architecture and the components of hardware and 
software that are involved. This is then followed by test results 
of the ASFCC prototype together with discussion part. Finally, 
the summarization of the ASFCC system and future works are 
covered in the conclusion section.  

 
2. THE PROTOTYPE DESIGN OF ASFCC 

As mentioned in previous section, the goal of the ASFCC is 
to develop a child alarm system to prevent parental negligence 
of leaving their child in vehicles that could lead to tragedy. Thus, 
ASFCC utilizes the smartphone as it is easier and faster to push 
notification and alerts to parents. Figure 1 shows the system 
architecture of ASFCC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The system architecture of ASFCC 
 
The ASFCC is activated when the motion sensor detects 

movement in the vehicle. The temperature sensor then detects 
heat inside the vehicle as the temperature rises with time. The 
collected data is then sent to the microcontroller, which 
determines if there is any motion or rising temperature inside 
the car. A child is suspected to be in the car when there is a 
motion where the child make some movement due to 
uncomfortable condition inside the car which is caused by the 
increasing heat. If the system detects motion and increasing 
temperature reading, the parent will receive an alert notification 
in their smartphone via the Blynk app. The parent then take 
further action by activating the servo motor to open the car’s 
window to allow air circulation and eventually reduce the high 
temperature inside the car. This is the necessary action that can 
be taken while the parent rushes immediately to the car to save 
the child.  

For the development of ASFCC, the prototype 
methodology has been used where a prototype that mimics the 
real environment has been built as shown in Figure 2. This 
requires an integration of software and hardware components 
as follows: 

• NodeMCU - Is a microcontroller NodeMCU-ESP32 
through an easy programming via Arduino IDE and the 
breadboard-compatible construction [14]. This board has 2.4 
GHz Dual-Mode Wi-Fi and Bluetooth. 

• Temperature Sensor - To detect the ambient temperature 
and humidity inside the car. 

• Motion Sensor - An electronic unit that uses sensors to 
sense nearby movement. These devices are combined with 
other system components automatically to perform tasks or 
alert users to move around the environment. 

• Power Supply with battery holder - This project 
prototype uses 9V battery as the main power supply to run and 
test the prototype. 

• Micro Servo Motor - This SG90 Micro Servo Motor is 
used as a car window prototype due to its small size and light 
weight with high output speed. The servo can rotate about 180 
degrees. 

• Arduino IDE - The Arduino Integrated Development 
Environment (IDE) is a Windows-based cross-platform 
program with C++ capability. It is used to program additional 
sensors. It used to write and upload ASFCC system scripts to 
NodeMCU compatible boards. 

• Blynk [15] - Is used as a platform for parents to receive 
information about their trapped child. The software can 
remotely manage hardware, display sensor data, control the car 
window, and send notification to parents. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The full prototype of ASFCC 
 

3. RESULT AND DISCUSSION 
 Several tests have been conducted using the ASFCC 
prototype to ensure the functionality and accuracy of the system. 
The results of the tests are as displayed in Table 1.  

 
Table 1: Testing Results 

Test Description Result 

NodeMCU 
connectivity 

Test connection 
between 
NodeMCU and 
Arduino IDE 

LED indicator shows 
that NodeMCU is 
installed successfully 

Temperature 
Sensor 

To ensure DHT11 
can be used as 
temperature 
detector   

Able to measure 
temperature 
accurately 

Motion 
Sensor 

To test PIR sensor 
as a motion sensor 

PIR sensor able to 
detect motion inside 
the car  

Motion Sensor 

Servo 
Motor 

Temperature 
Sensor 

Battery 9V 

Relay 5V Regulator  
5V 

NodeMCU 
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Servo 
Motor 

To ensure the 
servo motor can 
rotate and function 
well 

The servo motor can 
rotate well to act as 
the car window 

 
The functionality of AFSCC is then tested to see whether 

alert notifications can be retrieved through Blynk application. 
Figure 3(a) shows the temperature and humidity captured in 
normal condition. When the temperature increases due to high 
exposure under the sun as shown in Figure 3(b), an alert 
notification will be sent to the parent as seen in Figure 3(c) 
which states “Alert!! Temperature over 27.5 degree Celcius!”. 
We switched on a hair dryer and pointed it towards AFSCC 
prototype to imitate the increment of temperature in car. 

 

   
(a)    (b) 

 

 
(c) 

Figure 3: The temperature alert notification test 
 

Next, the motion test is conducted to see whether alert 
notification can be retrieved by parent. When we move an 
object towards the PIR motion sensor on the ASFCC prototype, 
an alert notification is retrieved as shown in Figure 4 which 
states “Alert!! There is baby in car”. 

Once parent receives both temperature and motion alert 
notifications, the window button on Blynk application which 
imitates the car window is enabled as seen in Figure 5. Parent 
can press on the button as long as needed to open the car 
window that will allow air circulation inside the car, reduce the 
heat and eventually makes the child feel more comfortable 

while the parent runs to rescue the child. To imitate this, the 
servo motor will rotate when the window button is pressed. 

 

 
Figure 4: The motion alert notification test 

 
 

 
Figure 5: Window button to control the car window is 

enabled 
 

It is believed that the ASFCC has some advantages over 
previous research works that have been discussed earlier. As 
previously stated, [11] utilized Bluetooth technology where 
users need to enable its feature in their smartphone at all time 
to ensure their child alarm system works effectively. However, 
there is a possibility where users purposely disable the 
Bluetooth feature to save their smartphone’s battery life. 
ASFCC on the other hand, let the users being notified through 
Blynk application only when the temperature reading is 
increasing higher than usual together with motion detected 
inside the car. The ASFCC also considers a reactive action by 
the user that may save the child’s lives when such situation 
occurs where users are able to control the opening of the car’s 
window. This feature is not available in systems and 
technologies that were introduced in prior research works. 

 
4. CONCLUSION 

In overall, the proposed system has been successfully 
developed and tested to function well. The main issue to reduce 
the number of cases of children left in car due to negligence has 
been resolved by this system with the help of alarm 
notifications that are pushed directly to parents’ smartphone via 
Blynk application. This project can be upgraded in the future 



119

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 3 Robotics and Automation -

Asben et al., 2021 
 

 114 

by adding more features and functions. For example, a system 
with no distance limit and the ability to display the situation 
around the car or the position of the car can be developed. It is 
expected that the ASFCC functions well if it is implemented in 
the real car system as it is a lightweight system and easy to 
operate. On a side note, it is also important to instill the 
awareness of child safety in cars among parents and caregivers 
to prevent tragedies happen in future. 
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Abstract — This study focus on the needs of persuasive 
interactions in home network management tools, which is 
motivated by the constraints of the existing user interfaces 
that do not facilitate all type of home network users. The 
gap in the study was derived from the previous reading, 
focusing on the lack of persuasive elements on the user 
interface of the home network management tools, which 
was later confirmed by a simple interview conducted on 10 
random users. The results of the interviews were compared 
with the previous reading; and in conclusion, a theoretical 
model was then developed, followed by an idea to further 
study how a persuasive interface can stimulate usability. 
 
Keywords — Persuasive; Usability; Home Network 
 
1. INTRODUCTION 

Home Network Management is a term that refers to the 
activity of managing a home network. It has a slight difference 
compared to network management activities in offices and 
networks in a business environment [1]–[3], yet still with 
similar network management specifications including 
connection configuration, access control/security, network 
monitoring, and maintenance [4], [5]. 

A literacy study on home networking practices was 
conducted by highlighting various researches. Basically, it 
includes the collection of data from home network users, with 
the finding that the user interface element of home network 
management tools is becoming the important aspect of home 
network usability [3], [6]–[13]. 

Data collection methods used in most research includes 
ethnographic observation, questionnaires, interviews/field 
observations, content analysis, and heuristic analysis [1]; with 
the number of respondents ranging from 15 to 50 participants; 
describing the problems faced by home network users including 
when using a home network management tool as a platform to 
manage home network [14][15]. 

This study focuses on the need for persuasive interaction on 
the interface of home network management tools -  assist in 
home network management including monitoring, security 
handling, parental checking, and performance observation [1]; 
with literature reviews, questionnaires/interviews were 
conducted on home network users with the aim of confirming 
the needs to the objectives of the study. 
 
 
 

2. THE NEEDS OF PERSUASIVE INTERACTION 
The literature review focuses on the research related to the 

visualization interface problem, the technique proposed, and 
[10]the needs of persuasive interaction in home network 
management. From the 20 major papers selected, the majority 
of them are focusing on the need for proper visualization 
techniques in displaying the interfaces; some of them focusing 
on the way of interactivity which can influence and drive users 
to use network management tools at achieving usability [5]–[9]. 

A persuasive approach in the home network management 
tool interface is essential, leading to the on-screen display 
methods that are capable of influencing, guiding users to 
achieve usability as the ultimate objective [16], [17]. 
Adaptation of persuasive approach in interface visualization is 
recognized to be as an assistant that affects the usability of 
home network management tools [3], [4], [8], [9], [12], [15], 
[16]. According to Fogg in his study on the framework of 
‘computer-based persuasive technology’, the persuasive 
principle involves attempting to update perceptions, change 
perspectives and reinforce knowledge  [18] (refer to Figure 1).  

The appearance of a persuasive interface is influential in 
driving users while using home network tools [19], which are 
capable to persuade in changing wrong reasoning to what it 
should be [20], at the same time guiding users to move from 
one standpoint to another [16]. This eventually becomes a 
branch of knowledge that is firmly embedded in memory 
affected by the way the interaction takes place between the 
visual interface and the user [19]. Figure 1 shows the 
relationship between the persuasive elements (driving-P1, 
persuading-P2, guiding-P3, and affecting-P4) and usability. 
 
 
 
 
 

Figure 1: Persuasive elements 
The discussion above is divided into three sections; (1) The 

problem of the existing interface, (2) Why Persuasive? (3) 
Technique that is being proposed and the (4) Contributions. 
Based on the analysis conducted on previous studies, several 
important criteria are integrated and concluded into the solution 
of the problem, which led to the next phase of the study.   

 
3. THE INTERVIEW 

A brief interview session then conducted with 10 random 
respondents; aims to confirm existing problems of the interface 
of the current home network management tool. Respondents of 

Usability 
[3], [4], [8], 

[9], [12], [15], 
[16]  [18] 

 

(P1) Driving [19] 
(P2) Persuading [20] 
(P3) Guiding [16] 
(P4) Affecting [19] 
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the study covered demographics as shown in Table 1. It is 
carried out in each respondent’s house; with the home network 
management tool available on the respective internet service 
routers. The data that is collected is all about their views on the 
ability of the user interface of the home network management 
tools of their own and what they expect to improve the interface 
abilities. 

 
Table 1: Interview questions 

Respon
-dents 

Background 

R1 
 

Age = 22 
Gender = Male 
Background = Diploma/Management college 
student 
Home network experience = 5 years 

R2 
 

Age = 56 
Gender = Female 
Background = SPM/Housewife 
Home network experience = 2 years 

R3 
 

Age = 45 
Gender = Female 
Background = Diploma/Housewife 
Home network experience = 2 years  

R4 
 

Age = 59 
Gender = Male 
Background = SPM/Policeman 
Home network experience = 2 years 

R5 
 

Age = 22 
Gender = Male 
Background = SPM/Insurance agent 
Home network experience = 3 years  

R6 
 

Age = 35 
Gender = Female 
Background = Bachelor degree/English teacher 
Home network experience = 15 years 

R7 
 

Age = 47 
Gender = Male 
Background = Master degree/IT Lecturer 
Home network experience = 25 years 

R8 Age = 28 
Gender = Male 
Background = Bachelor degree/Teacher 
Home network experience = 7 years  

R9 Age = 66 
Gender = Male 
Background = SPM/Pensioner 
Home network experience = 6 years  

R10 Age = 23 
Gender = Male 
Background = Diploma/Engineering university 
student 
Home network experience = 9 years  

 
The questions of the interview are as attached in Table 2, 

and respondents were then asked their opinions about the 
interface design they want on a network management tool at 
home. The question of interviews are based on a five-point 
Likert scale (1= Strongly Disagree, 2=Disagree, 3=Neither 
agree nor disagree, 4=Agree, 5=Strongly Agree) [4].  

 

Table 2: Interview questions 
No Question 

P1 
 
P2 
 
P3 
P4 
 
O1 
 

Does the interface drive user to manage the 
network?  
Does the interface persuade user actions when 
managing the network? 
Does user feel any guidance from the tool? 
Does the interaction affect user actions when 
managing the network? 
Your opinion on the kind of interface that could 
help you manage your home network easily? 

 
The response for P1, P2, P3, and P4 are shown in Figure 2, 

Figure 3, Figure 4, and Figure 5 respectively. Based on 
responses for P1 in Figure 2, only 20% of respondents agreed 
that the interface drive user manages the network, and 20% 
neither agree nor disagree, while 60% disagree. 

 

 
Figure 2: Does the interface drive user to manage the 

network? 
 

Followed by responses for P2 in Figure 3, 60% of 
respondents disagreed that the interface could persuade their 
actions when managing the network. 20% neither agree nor 
disagree, while 20 % disagree. 

 

 
Figure 3: Does the interface persuade user actions when 

managing the network? 
 

Followed by responses for P3 in Figure 4, 70% of 
respondents disagreed with the statements of persuading 
element; and 10% neither agree nor disagree, while 20% 

3 3
2

1 1

0
1
2
3
4

1 =
Strongly
Disagree

2 =
Disagree

3 =
Neither

agree nor
disgree

4 = Agree 5 =
Strongly

Agree
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3 3
2

1 1

0
1
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disagree. 
 

 
Figure 4: Does user feel any guidance from the tool? 

 
Followed by responses for P4 in Figure 5, 70% of 

respondents disagreed that they were affected by the interface. 
10% neither agree nor disagree, while another 20% disagree. 

 

 
Figure 5: Does the interaction affect user actions when 

managing the network? 
 
Overall, more than 70% of the respondents have disagreed 

that the interface of the existing Home Network Management 
Tools is helping them in managing their network. It answers the 
question of the need for persuasive elements stated in the four 
questions given, meaning there is a need for further research to 
be done to the development of a user interface model for a 
persuasive home network management tool.   

At the end of the interview, users were asked their opinions 
(O1) on the kind of interface that may help them manage their 
home network. Here were some proactive comments were 
given by the participants. 

 Would prefer more interaction from the tools, in the 
form of graphics; and question and answer that can 
guide me using the tool. 

 The existing interface is very technical, and not 
suitable for the non-technical type of user. I would like 
to have a simple and user-friendly interface. 

 I want an interface that can act as a helper to me 
whenever I am stuck and don’t know what to do when 
dealing with network management tools. 

 
 

4. CONCLUSION 
The persuasive element serves to guide users to update 

perceptions, help users change views, and support users to 
reinforce knowledge, concluded as fulfilling the features of a 
user-friendly interface. It corresponds to the 4 persuasive 
techniques used as the basis of the study; consists of driving, 
persuading, guiding, and influencing; which should be included 
in a user interface.  

To understand, it needs guidance [21], while a good 
interaction comes from the proper method of persuasion 
[22][23]. The ability to explain anyway can be described as an 
effective guiding method [24]; while the ability to remember is 
something that is greatly influenced by the method that is used 
to expressed [25]. 

In conclusion, usability and persuasion are complementing 
each other, and they can only be obtained with proper 
interaction adaptation on the interface. This finding appears to 
be in line with the problems and solutions proposed in the 
previous reading, encourages the development of the 
theoretical model as shown in Figure 6 below: 

 
 
 
Figure 6: Model theory of persuasive interaction 

 
5. FUTURE STUDY 

An advance study is recommended, with a focus on 
researching the appropriate persuasive interface design for a 
home network management tools, which seeks to help users to 
achieve usability.   
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Abstract — Augmented Reality (AR) has been acknowledged 
as a method that is effective in learning and becomes 
complementary to conventional learning, especially for 
Chemistry subjects. Chemistry textbooks only consist of 
images and formulas; thus, students will have difficulties 
understanding the concept well, which may lead to 
misconceptions in understanding the topic. The teachers also 
are not exposed to this AR technology for them to use it in the 
classroom. The research question for this paper would be what 
is the fundamental elements that should be considered in 
developing and designing an Augmented Reality application 
for Chemistry subject. Through the previous study, there are no 
specific guidelines in developing an AR for education 
especially for Chemistry. This paper aims to evaluate the 
existing Augmented Reality application for Chemistry subject 
in order to determine the problem/issues using Heuristic 
Evaluation. Kubu AR Kimia T5 was chosen as the existing 
application to be used in the Heuristic Evaluation process. In 
this paper, we adopted the Heuristic rules from David (2008) 
[3]. A custom set of the improvements heuristic 
principles/guidelines was developed in this study and can be a 
new guideline in designing other AR applications for 
Chemistry subjects in the future. The AR application that was 
developed also can be part of the educational tool in learning 
Chemistry subjects in high school so that it can help in learning 
and teaching methods to provide better understanding in 
learning chemistry. 
Keywords: Augmented Reality (AR), Visualization, Chemistry 
 
1. INTRODUCTION 

 
In every aspect of life, technology has greatly given a great 

impact including the education sector and also acts as a 
powerful tool to transform education in several ways. 
Technology nowadays has changed the education style and has 
been proven to influence students in learning and also motivate 
them to an effective learning process [1]. Augmented Reality 
(AR) as an advanced technology that enables users to interact 
with virtual and real world in real time applications that can 
bring more natural experience raises attention and motivation 
of students with a high potential to enhance the learning 
experience [2]. Abstract concept like molecules, atoms and 
amount of substance are one of the critical fundamentals in 
Chemistry Subject. High school students’ imaginative are 

limited thus they could not imagine how the process take place. 
These limitations will lead to disinterest in study [4]. In 
Malaysia, the existing Augmented Reality AR application on 
the KSSM Textbook for Chemistry subject is not sufficient to 
support the learning content. The main content is only 
focussing on the 3D model is not helping students to gain 
benefit from it. The teachers also are not exposed to this AR 
technology for them to use it in the classroom. Plus, the 
ministry does not emphasize the importance of AR in education 
to the school leading to the lack of interest in teachers for this 
technology. Through this research, an improvement to the 
heuristic principles/guidelines will be developed in designing 
AR application for education especially Chemistry subject.  

 
2. RELATED WORK 
 
Through the past study that discussed the trends in the 
educational process, AR shows a huge potential to provide 
useful factors in education. According to Reyes [8], students 
may observe a molecule from all angles, envision how atoms 
are grouped in an element, and comprehend more complex 
chemical concepts using augmented reality [8]. Carbon 
hybridization AR was developed by a teacher to motivate 
students in learning this subject and available in App Store. The 
richness of the AR technology allows students to visualize 
molecules from its angles and how the atoms were organized in 
an element. By implementing AR in the course, it improved 
student’s evaluation significantly and also increased motivation 
in using AR for understanding abstract concepts. About 90% of 
students agreed that AR improves their learning process, 85% 
felt totally motivated in the class, and 88% were completely 
satisfied with the AR application. 
 
Chemist AR application software stimulates the chemistry lab 
virtually and uses 3D models for carrying out the experiments 
on the chemical reaction, practising on several tools and 
reagents. Most of the features are only for in-app purchase and 
only for Android users which makes it limited. Unfortunately, 
the guide or instructions on how to correctly employ them were 
not provided.  
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3. METHOD 
 

A qualitative and quantitative research was conducted. 
Qualitative research is the most appropriate to apply for small 
samples because it will be in detailed and complete description 
and analysis of the project presented [5]. The interpretation of 
the individuals is important because it is focussed on the 
participant’s observation. The qualitative data is ‘richer’ but 
time consuming. Interview and Questionnaire were chosen as a 
method to evaluate the existing application [6]. Subject matter 
expert and students were involved in the evaluation process 
when interview and questionnaire conducted for SME and a 
questionnaire for students. The participants for subject matter 
expert were chosen as they have deep knowledge or have a 
background in Chemistry. For students, as the existing 
application was designed for form 5 students, students who are 
in form 5 were chosen as the participants for the evaluation 
process. A qualitative data would be based on the interview 
with SME, and for the quantitative data will comes from the 
questionnaires for both SME and students.   

 
Heuristic Evaluation was chosen as method for the 

evaluators to investigate the usability issues that may go 
unnoticed by the real users. Heuristic evaluation is flexible 
enough to be applied to different aspects and does not make 
assumptions about task structure [3]. There is a lot of heuristic 
guidelines that that be used to evaluate the effectiveness of the 
AR application. The heuristic guidelines/rules adopted in this 
study is from David [3] and there are several guidelines/rules 
described regarding on developing AR for education and the 
following are the adopted rules: 
 
1. Features of 3-Dimensional Model 
2. Multimedia Elements 
3. Provide consistent response 
4. Allow users to customize video and audio settings 
5. Provide controls that are easy to manage 
6. Provide visual representations that are easy to interpret  
7. Provide instruction, guide and help 
8. Providing users with the beneficial information 
 

 

 
 
 
The existing application chosen was Kubu 
AR Kimia T5 because it was developed 
based on the Chemistry’s Textbook form 5. 
This application developed using Unity 
Engine and available on the PlayStore.  

 
3.1 Interview 

 
An unstructured interview is conducted with a subject 

matter expert for the heuristic evaluation. Six participants were 

involved in the evaluation process. The interview was 
conducted using Google Meet, WhatsApp Video Call and 
Phone Call. The participants consist of one male and five 
females where five of them are teacher and one pharmacist 
assistant. Closed-ended question is conducted based on the 
specific topic discussed.  

 
Table 1: Participants Profile. 

 Gender Age Occupation Education 
Participant 

1 
Male 36 Teacher Bachelor in 

Chemical  
Participant 

2 
Female 40 Teacher Bachelor in 

Chemical 
Engineering 

Participant 
3 

Female 49 Teacher Bachelor in 
Science 

(Chemistry) 
Participant 

4 
Female 25 Teacher Bachelor in 

Science 
(Chemistry) 

Participant 
5 

Female 25 Pharmacist 
Ass.  

Bachelor in 
Science 

(Chemistry) 
Participant 

6 
Female 26 Teacher Bachelor in 

Science 
(Chemistry) 

 
3.2 Questionnaire 
 
Likert scale question was constructed in this research. The 
questionnaire was constructed based on the Heuristic rules 
chosen. A closed-ended question as the data collected will be 
in quantitative data. Six subject matter expert and six students 
were recruited in the evaluation process. Two different set of 
questions were prepared for the Subject Matter Expert and 
Students involved in this evaluation process. Through the 
process, the way on how to use the application has been 
recorded in the form of video for the convenience of the 
evaluators and was attached together in the Google Form. After 
watched the video, each evaluator completed a closed-ended 
questionnaire at the end of the study. The scale used rate from 
1 to 5 indicating Strongly Disagree to Strongly Agree.  

 
 

4. RESULTS 
 
The findings presented in the tables based on the data gathered 
from the interview and questionnaires conducted on subject 
matter expert and students.  
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Table 2: Problem Encountered from Evaluation 
Heuristic Problem Encountered 
1. Multimedia Element No video and audio 

included 
2. Allow users to customize  
video and audio settings. 

- 

3. Provide visual 
representation that are easy 
to interpret 

No explanation about the 
model used. 

4. Providing users with the 
 beneficial information 

The content is not 
sufficient. 

 
Table 3: Classification of Problem and Suggested Improvement 

Features Problem Problem 
Rating 

Design change 

3D 
Model 

Without 
description 

Not 
Sufficient 

Give the 
explanation in text 

 
Audio Not 

included 
 Provide the 

explanation in the 
form of audio  

 
Icon Confusing 

the users 
Annoying Using icon that are 

represent its 
function 

 
Variables Problem Problem 

Rating 
Design 
Change 

Visual 
representation 

No 
explanation 

Confusing Provide 
explanation in 
details 

Beneficial 
information 

Not 
sufficient 

Unsatisfied Provide more 
explanation to 
give better 
understanding 
about the 
topic. 

 
 
Table 4: Heuristic Evaluation Conclusion 

Heuristic Apply 
1. Features of 3-Dimensional Model Yes 
2. Multimedia Elements No 
3. Provide consistent response Yes 
4. Allow users to customize video and 
audio settings 

Not 
Evaluated 

5. Provide controls that are easy to manage Yes 
6. Provide visual representations that are 
easy to interpret 

Yes 

7.   Provide instruction, guide and help Yes 
8. Providing users with the beneficial 
information 

No 

 
 
 
 

5. DISCUSSION 

Chemistry’s textbook covers several of topics that should 
be mastered for students majored in science. According to the 
analysis of the evaluation through unstructured interviews and 
questionnaires, the applications only sufficient to spark 
students' interest in learning Chemistry, but not sufficient to 
provide students with complete information on the models 
displayed.  The evaluators think the content that is provided by 
the application is good to enhance student’s understanding and 
very interesting in learning Chemistry, but they also 
recommend to describe in detail about the process when the 
state changes. There are no detailed explanations provided 
about the objects used in the application that can lead to 
misunderstanding.  

The models utilised are appropriate for the topic, and 
students require this type of model to assist them comprehend 
the chemical substances they have learnt.  3D models provide a 
better way in visualizing the arrangement of the atom and 
hydrogen in the structure of the chemical compounds. The 
structure of the 3d model allows students to see what they 
would not see when learning on the 2D images provided in the 
textbook.  

There is presence of multimedia elements but limited to a 
certain part only. It is not covered in the content of the 
application. The evaluators stated that the multimedia elements 
such as audio and image used are appropriate but not enough. 
The explanation in the form of audio is needed for every 
topic. The evaluators agreed that using audio to explain the 
related topic will help students to understand better. The visual 
or models used to explain the content are easy for students to 
interpret and they can easily elaborate the topic given. The 
evaluators suggest providing guidance to the teachers on how 
to apply AR applications in PDP. In addition, the application 
developed must be easy to get and handle. Some of the 
evaluators are not familiar with AR applications or recently 
found out about this application.  

 
6. CONCLUSION 

 
Custom set of the Heuristic Guidelines was developed to 
evaluate the existing Augmented Reality application for 
Chemistry subject. Based on the evaluation, all the problems 
encountered will be taken into the consideration in the 
improvement in designing and developing an improved version 
of the AR application. Through the interview with the SME, the 
existing application is not sufficient in terms of content. 
Analysis from the questionnaire found that students prefer to 
have an additional explanation on the models displayed. The 
development will be focused on the content and 3D model. The 
improvements in terms of content, the new version will have 
more explanations in form of text and also audio. The improved 
version will be tested based on Heuristic Evaluation in order to 
find out whether this version meets the requirements or not.  
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Abstract — Animation is filmmaking technique, which 
makes still (inanimate) image, or objects that appears as 
alive and moving. Taking the advantage and strength of 
animation, animated media has also emerge as a significant 
promotional media in tourism sector. The highly 
appreciated animation style of Studio Ghibli is a crucial 
component of the company's heritage. Hence, this research 
aims to develop Ghibli Studio inspired animation to 
promote Malacca as destination’s image. Applying 
animation production methodology, an animated 
promotional video of Malacca is developed. The results 
demonstrates the whimsical visual appearance shown in the 
final product. 
 
Keywords — animation; anime; animation for tourism  
 
1. INTRODUCTION 

Despite the global prominence of Western animation, 
Japanese anime has its own foundation to stand on. For a long 
time, anime shows have been brought to Malaysian television 
as a source of youth’s amusement [1]. Correspondingly, local 
animation series in Malaysia have exploded in popularity in 
recent years, such as Upin & Upin, Boboiboy and Ejen Ali 
where they achieve extremely immense ratings. Many 
academics have recently begun to acknowledge that animation 
and cartoons are not simply for children, but also for adults [2]. 
These advancements demonstrate how animation media has 
become a highly influential media to many. 

Nowadays, the use of animation is widely used to promote 
products in television commercials, advertising and in 
education. Animation however has been underutilized as a 
destination marketing strategy [3]. Driven by Japan Studio 
Ghibli’s distinct animation style, this study succinctly explores 
the animation techniques used by the company. Then, a tourism 
animation is developed based on the findings.   
 
2. LITERATURE REVIEW 

Tourism encompasses leisure and business travel, as well as 
the philosophy and practise of touring, the business of attracting, 
accommodating and pleasuring tourists, and running tours. As 
a segment of the economy, tourism can profit from the 
numerous technological capitals at its disposal [4]. Seeking 
enjoyment and happiness, learning, enhancing health, enjoying 
sports, resting, completing chores, or making pilgrimages are 
some of the aims of travelling [5].   

Tourism promotion entails attempting to persuade current 
and future consumers to visit a location by disseminating 
information [6]. According to [7], there are three categories of 
promotion in tourism: 

 Informative promotion 
 Persuasive promotion 
 Reminder 

Generally, digital technology plays important role in tourism 
sector. Several approaches include the use of social media [8], 
immersive technology, digital gaming, and AI [9]. Animation 
has also been use as promotional media for tourist attractions. 
For example, “Destination to Bali” 3D animation which 
enlighten audience about travelling to Indonesian Bali Island 
[5]. Similarly, Indonesian Medan city is visualized in 3D form, 
highlighting their characteristics and uniqueness [10]. In [11]’s 
work, Thailand’s Wat Phra That Lampang Luang is promoted 
using 2D animation techniques.  

One of key facets of animation production is determining its 
art style. Studio Ghibli, Kyoto Animation, Brain’s Base, and 
Studio Chizu are among the production firms accountable for 
anime's distinct aesthetic [12]. Studio Ghibli's widely renowned 
animation style is a key element of the company's heritage 
where their films are realistic, if impressionistic, with 
anthropomorphism and zoomorphism are linked to the 
development of unforgettable characters and the studio's 
environmental concerns [13]. As defined by [14], Studio 
Ghibli's animation style deems to be very cinematic. It applies 
flat planes of colour, avoids suppressive movements commonly 
found in television-aired anime, environments that appears as 
soft whimsical effect, subtle realism, and illusion of depth is 
portrayed through poster colour blending. 

 
3. METHODOLOGY 

The research project selects Malacca as a case study. As one 
of the states in Malaysia, Malacca exhibits important historical 
relics and have many interesting places to visit. As an initial 
step to gain ideas, authentic sources for design of a place is 
analyzed first. Thus, a field study is carried out in 
understanding tourism in Malacca. 

Many of the sights in Malacca have their own uniqueness 
from the architecture of the old building to the natural scenery. 
Most of the buildings in Malacca have beautiful architecture 
based on the pattern of the period. The old buildings has unique 
artistic, can found in the heart of downtown and the suburbs of 
Malacca. To this day, examples of old-fashioned architecture 
remain, such as Stadthuys, a row of Jonker Walk shops, the 
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sultanate palace museum, proclamation of independence 
memorial and more. Bukit Batu Lebah Recreational forest is 
located in the Senggeh hill reserve area, which is the 
dipterocarp forest. The hill has beautiful natural scenery; a great 
base for hikers to climb and even has camping activities for the 
night. Malacca also has a beautiful background scene like 
Klebang beach. The special feature of this beach is that it is 
elevated to a large white sandy beach. Many visitors come and 
take pictures on this beach for beautiful scenery especially at 
sunset.  

Once the primary locations are identified, a concept sketch 
is produced to plan the sequence. The background art are 
painted in Adobe Photoshop. Adapting Studio Ghibli animation 
characteristics examined by [14], the animation project features 
realistic scenery with flat shading.  

 
4. RESULTS 

Since the animation functions as a destination promotion 
video, the content elements majorly showcase sightseeing, 
entertainment, food, transportation, accommodation, and 
shopping aspects.  

 

 
Figure 1: Background Development 

 

 
Figure 2: Blending Characters into Scene 

 
Fantasy element is added into the sequence as an attempt to 

generate whimsical mood. Then, using the combination of 
frame-by-frame and tweening techniques, the animated scenes 
composed using Adobe Animate.  

 
Figure 3: Flying ship as magical element. 

 

 
Figure 4: Giant fish as fantasy element. 
 
Slow strings background music is used to evoke multi-year 

viewing atmosphere in the 7 minute promotional animation.  
  

 

 
Figure 5: Prominence of enchanting nature in the produced 

animation. 
 



131

Proceedings of the 3rd International Conference on Intelligent and Interactive Computing 2021

- Theme 4 Multimedia and Immersive Technologies -

Mohamad Kamaruddin et al., 2021 
 

 125 

 
Figure 6: More nature elements. 

 
5. CONCLUSION 

This paper discusses the development of 2D animation by 
implementing Studio Ghibli in animation technique to promote 
the state of Malacca. This illustrations display the surrounding 
environment, the atmosphere of the place and the activities that 
can planned among the tourists. Further improvement in terms 
of destination details and storyline arrangement could be 
executed in order to achieve better and quality animation. In 
general, this research project demonstrate how elements from 
Studio Ghibli animation style could contribute in enhancing the 
presentation of animated tourism promotional videos. 
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Abstract — Considered as an important cultural heritage 
in Asia, shadow play or shadow puppetry has exhibited the 
dynamism of traditional storytelling through its unique 
appearance and artistry. This paper briefly discourses the 
role of scholars within the interactive computing field in 
advocating shadow play among current and future 
generation. Participating in the regional campaign, a 
prototype of a 2D platformer shadow play is developed. The 
analysis and design activity for the development of shadow 
play 2D platformer game is discussed. Then, the game is 
tested to 24 users examine non-functional defects such as 
pleasure factors and difficulty levels. 
 
Keywords — shadow play; Wayang Kulit; platformer game  
 
1. INTRODUCTION 

Shadow play or shadow puppetry is a traditional form of 
theatre that uses principles light and shadow in conveying 
narrative visually. Shadow play puppets are made up from a 
variety of methodological and imaginary characters and is 
played by a Dalang [1]. In Malaysia, performing a puppet show 
is usually accompanied by a group of musical performers or 
gamelan as well as blowing tools (serunai) or strings (rebab). 
The narrative of Kelantan’s shadow play mostly plated from the 
epic Ramayana version of Thai. The art of shadow play 
encompasses practically every discipline of the arts, including 
sculpture, painting, literature, speech art, symbolic art, music, 
sound art, and acting [2]. Thus, understanding the importance 
of uplifting the value of shadow play among current and future 
generations, many efforts have been made by past scholars in 
promoting this cultural asset through interactive media. 
 
2. LITERATURE REVIEW 

Despite its promising premise, there has been lack of interest 
towards shadow play among the youth [3][4]. Hence, 
technology integrated state-of-the-art approaches are taken by 
the scientific community in appealing the digital literate 
generation.  Essentially, video games has been widely known 
as a contributing factor in harnessing competition, 
experimentation, exploration, innovation, and transgression [5] 
by eliciting powerful emotional reactions through game 
components such as rewards, obstacles, narrative and more [6]. 

Due to these reasons, several attempts have been made on 
embedding shadow play elements in games and interactive 
applications. For example, “Wayang Fighters” employs the 
fighting game genre where Ramayana characters such as Seri 

Rama, Wak Dogol, and Sita Dewi are featured in the game [4]. 
In “e-WayCool’s mathematics gamed-based learning, Sita 
Dewi, Ramayana, Laksamana, and Hanuman Kera Putih 
shadow play characters guide the users on symbols and 
relationships among addition and subtraction functions [7]. 
Similarly, again Ramayana, Sita Dewi and Laksamana become 
the highlighted shadow play characters in a mathematics game 
[8].  “Ghatotkacha” platformer game in the other hand is 
displayed with Mario Bros style where the narrative focuses on 
the main character’s journey in obtaining magical gifts in every 
levels [9]. In [10]’s works, the shadow play characters are 
redesigned into with contemporary looks in the sticker chatting 
and game application. Equivalently, [11]’s “Side Scroller” 
platformer game also adopts modern design to the conventional 
shadow play characters. 

One of the older words in area of interactive media, shadow 
play visual style is incorporated as props and digital pre-defined 
assets in “Wayang Authoring” digital storytelling tool [12]. 
Meanwhile, Shadow play of Taiwan’s Okayama is used in 
educational activities within an interactive book [13]. Several 
Digital Storytelling projects have also integrate shadow play in 
delivering their content [14]. In addition, the manipulation of 
shadow play in virtual environment has also been explored [15]. 
Therefore, this research continue to revitalise the art shadow 
play into game design. 

 
3. GAMEPLAY DESIGN 

In order to design and develop a platformer game with 
elements of shadow play, a narrative is initially determined to 
be incorporated as part of the game mechanics. The story 
follows the adventure of Seri Rama in rescuing his wife, Siti 
Dewi.  

 

Mohd Rasid et al., 2021 
 

 127 

 
Figure 1: Pendekar Wayang Kulit platformer game interface 

sketch 
The storyline of Pendekar Wayang Kulit is largely based on 

the Kelantan’s tale of Wayang Kulit. The story begins when 
Seri Rama, Rawana and several other students seek knowledge 
from Tok Murshi Kala Mata Api, a highly educated man. One 
day, a secret is revealed where Tok Murshi has a beautiful 
adopted daughter, named Siti Dewi. All the disciples including 
Seri Rama and Rawana shows affection towards Dewi Sita. Siti 
Dewi also actually likes Seri Rama secretly. After Seri Rama 
marries Dewi Sita, Rawana is angered and kidnaps Siti Dewi. 
Hence, the game narrative begins where begins where Seri 
Rama starts his quest to save his wife from Rawana’s cluthes. 

One “life” is provided in every level where the player will 
lose it if Seri Rama hits any of the Rawanas, the enemies. 
Players can get power-ups by retrieving wooden boxes and 
these power-ups are a blue fireball that can very quickly destroy 
the enemies. 

In terms of visual design, the design adopts the shadow play 
character visual representation from [2] as a basis where the 
essence of a wayang kulit characters should be visible. This 
means the characters has stylized, decorative body shapes and 
parts that diverge from modern logic. Striking color schemes 
are then applied into the character design.  

 
Table 1: Character Description and Design. 

Name Profile Visual Design 
Seri 
Rama 

Seri Rama is the king of Seusia 
Mendarapura and Siti Dewi’s 
husband. He is described as a 
man with manners, polite, 
handsome, and brave. He is also 
good in using a weapons like 
archery and others. His design 
consists a combination of 
motifs, colors, and shapes. 

 

Rawana Rawana is described as a 
person who is considered rude, 
violent and the fierce enemy of 
Seri Rama. He is a king in 
Langkapuri. He has big arms, 
short fingers, long and sharp 
nails, short neck and big lips. He 
is also known as a giant with 12 
heads and resting on its crown. 
In addition, his large and red 
eyes lit up symbolically with the 
intent of committing crime and 
violence. 

 

Siti 
Dewi 

Siti Dewi is the wife of Seri 
Rama and depicted as a gentle 
and devoted wife. She is 
beautiful princess who is often 
historically portrayed in Hikayat 
Melayu. 

 

The character sprites are created using Adobe Illustrator, 
Then, they are animated in Adobe Photoshop to capture the 
frame-by-frame animation. The animated sequence is then 
exported into the game engine. The parallax backgrounds are 
also composed in Adobe Photoshop before they added into the 
game world as asymmetrical tile arrangement.  

 

 

 

 
Figure 2: Background Design 

 
Furthermore, side view is used through-out the game (see 

Figure 3). Sound effects from OpenGameArt.org are used. 
Godot Game Engine is utilized in managing game 
configuration. 
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4. USER TESTING 

Participants are given an introduction of the ideas that 
underpin the game prototype before beginning game play, 
followed by a demonstration of game play. The game is rated 
using questionnaire distributed to 24 participants who tested the 
game. Since the game is made for offline use, the ‘Social 
Connectivity’ element is dropped. The following figures 
illustrate the results gained from the testing activity. 
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Based on the findings, most of the participants’ response 
lean towards positive results on the pleasure factors and 
difficulty levels. Overall, there is potential to improve the game 
in terms of level design and challenges. 

 
5. CONCLUSION 

This paper has described the importance of reviving and 
instilling fading cultural treasure among current and upcoming 
generation. As the game components are able to attract youth 
attention, this research project joins the efforts in making 
shadow play gleams in exciting computer games. Design and 
development activities in producing the 2D platformer game 
are explained. It is anticipated that, through compelling in-
game storyline, players would gain more awareness on the 
biosphere of shadow play.  
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Abstract — The world was struck by a terrible disease that 
spread like wildfire over a year ago. The seriousness did not 
come to light in Malaysia until the middle of March 2020 
when a nationwide movement control order (MCO) was 
imposed. Consequently, teaching and learning in colleges and 
universities also stopped. It took some time before classes 
resumed via online by June that year for the public 
universities. Although in most higher learning institutions, 
online platforms have been used to share notes mostly, to go 
online completely for lectures and everything related has 
never happened. The new approach took almost all of 
academia by surprise. The sudden and drastic shift from face-
to-face lecture sessions to only virtual sessions has demanded 
collective efforts from both sides, lecturers, and students. 
Hence, this short study investigates the responses from 
students’ perspectives through survey questions on some 
issues pertaining to the online classes they have participated 
in. The results showed that online lectures and learning 
activities are comprehensible and somewhat effective. 
 
Keywords — COVID-19, online, learning 
 
1. INTRODUCTION 

In December 2019, some news outlets reported that a 
strange deadly disease was detected in Wuhan, China. The 
situation was said to be under control then. However, by 
January 2020, the virus reached Europe and America. In 
February, the public universities in Malaysia started their 
Semester 2 of the academic year of 2019-2020. However, after 
a few weeks of classes, the situation of the COVID-19 disease 
had become increasingly alarming. This forced the newly-
formed government to enforce a movement control order 
(MCO) throughout the country.  

This effectively closed schools, colleges, and universities as 
well. Unfortunately, most universities were unprepared to go 
online for teaching and learning [1]. The universities, private 
and public, have had some online Moodle-like learning 
management system (LMS) portals for students and lecturers to 
share materials, lecture videos, and class work submission. It 
almost goes without saying that to access this system at the 
same time depends on the server capacity as well as a host of 
other factors including internet connection. Nevertheless, the 
management of universities and colleges has the responsibility 
to instill the e-learning culture among faculty members as well 
as to prepare the right environment for this to take place [2]. 

A lot of these problems were overcome gradually as 
teaching and learning continued online using additional 
platforms like Webex, Microsoft Teams, Zoom, and Google 

Meet, to name a few. It seems that everybody at the universities 
is slowly but surely adapting to the new ways of operating. 

Many researchers have studied various aspects of university 
teaching and learning in this new normal. Shahzad et al. [3] 
explored the effectiveness in college level e-learning in the two 
genders. Wargadinata, Maimunah, Dewi, and Rofiq [4] 
identified WhatsApp as an application that was most useful 
especially in the early days of distance learning. In addition, 
Dhawan [5] sees the emergence of educational technologies or 
EdTech in the form of teleconferencing tools as well as the 
massive open online courses (MOOC). Meanwhile, Adedoyin 
and Soykan [6] noted that the migration was easier on digital 
natives who are more well-versed with digital tools including 
for education. This goes for both students and instructors. 

In a related development, a pre-COVID-19 work by 
Federman [7] dived into the problems of interruptions during e-
learning training. Such interruptions are also present in the 
current situation when students and even instructors are going 
live for synchronous sessions from their homes. Sometimes 
they are disturbed by their family members, pets, or maybe 
even bad internet connection. Even prior to the pandemic, 
online learning was slowly gaining acceptance as another 
legitimate mode in higher education, and this experience was 
shared by [8]. 

The current work presented here aims to look at several 
different aspects in online courses during this on-going 
pandemic, such as synchronous versus asynchronous, camera 
on or off, and lecture time length. For engineering students, 
general acceptance to e-learning is gauged based on the 
computer-aided design (CAD) course the respondents were in. 

Nevertheless, with what we have been learning for the past 
one year or so, is that e-learning is very much possible to 
implement for the most part. Whether the delivery is 
synchronous or asynchronous, the professors and lecturers can 
never be replaced, though [9]. This is because the contents need 
to be prepared by knowledge experts. Projects would still need 
supervision and advice from real people. Additionally, this 
opens a window of opportunity to offer undergraduate and 
graduate programs via distance learning that are cheaper to 
operate while benefiting the universities and students together. 

 
2. METHODS 

This work uses questionnaires that were created on Google 
Form and distributed to students via WhatsApp groups and 
emails. The responses were automatically shown in charts or 
graphs. The questions drafted aimed at putting students at the 
center so that the feedback can be used to improve the course 
delivery. 
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The first few questions dwelled on the issue of webcam use 
during online classes. They are many in the teaching profession 
who insist on turning on the camera, not just for themselves but 
also for the students. However, technically, as more materials 
are being broadcast to the class, more data will be transmitted 
and received.  Hence, this brief study intends to seek university 
students’ point of view on this matter. 

The next couple of questions touched on general matters like 
pronunciation and clarity when the instructor’s camera was off, 
slides sharing, as well as lecture duration. In the old normal, 
classes are usually scheduled for two hours per meeting. 
However, with data usage and internet connection issues, 
students could share their grievances so that online classes can 
be implemented more realistically, and they could reap the most 
benefit out of it. 

The last set of questions were aimed at engineering students 
particularly those who were enrolling in the computer aided 
design class. Engineering programs normally involve a lot of 
practical sessions in computer labs and various other 
laboratories. Some have been selected by university 
administration that can be implemented in online mode. 
However, after ten months into this, the perception from 
engineering students can be measured. 

The respondents for this brief study are information 
technology and business diploma students from the Multimedia 
University (MMU) and undergraduate engineering students 
from the Universiti Teknikal Malaysia Melaka (UTeM). Both 
institutions are based in the state of Melaka in Malaysia. The 
students were presumed to be in their hometowns all over the 
country. They were in second year bachelor’s degree program 
or in a pre-university program. Hence, the average age was 
about 19 years old.  

The approach here focuses on practical questions on the 
effectiveness of the current mode of teaching and learning that 
is not confined to neither statistical nor educationist methods. 
 
3. RESULTS AND DISCUSSION 

Figures 1 shows the responses from students relating to the 
use of web cameras particularly by their instructors. The 
responses stated that only 72% of instructors used their 
webcams during class. Consequently, the majority, about 79% 
of students did not have an issue if the lecturers did not turn on 
their camera. This is contrary to popular belief that assumes the 
students need to see the lecturers in order to focus on the subject 
matter being taught. Microsoft Teams is one of the 
teleconferencing tools that makes it a default to turn off the 
instructor's camera as he or she shares the computer screen for 
teaching. This makes sense since the students need to view the 
materials being presented and not the face of their instructors 
while delivering it. 

In a related work, Lee, Huang, Liu, and Cheng [10] studied 
the use of webcams on students in computer labs. This was 
more on monitoring the students’ focus during class in the lab. 
Here, the instructor would have faces of each student visible on 
his or her screen. It was reported that this method improved the 
results of the school students. However, in colleges and 
universities, students need to take responsibility for his or her 

studies. The other difference includes the fact that having more 
cameras on would impact on the amount of data being 
transferred that could disrupt connection stability. 

 

 
Figure 1: Did all your lecturers switch on their webcams 

while teaching? 
 
In addition, the faces of all students on the screen would 

leave little room for the actual teaching. Kotula [11] noted that 
out of 176 respondents in a study on teaching foreign languages 
using Skype, only about 37% always used webcam during 
online teaching sessions. Another 59% used the device 
occasionally during e-learning. In fact, even younger students 
were also encouraged not to turn on their webcams when it 
involved issues like privacy and bullying or harassment [12]. 
This current view is contrary to popular belief that in 
communication, people need to see one another because body 
language plays an important role [11]. Nonetheless, even with 
the webcam use, only a limited portion of the participants can 
be seen. The most positive impact in the communication would 
be to see facial expressions of those involved. 

 

 
Figure 2: Do you prefer your lecturers to switch on their 

webcams while conducting online lessons? 
 
Figure 2 shows that only 30.6% expressively prefer that the 

lecturers turn on their webcam. People learn in different ways. 
Some are auditory, some are visual, while others might 
appreciate more motor skills. These variations may affect how 
people learn in an e-learning setting as well. The presumption 
is that students want to know that the lecturers or teachers are 
also present in the meeting. However, if we look at telephone 
communication all these while, a caller can only hear the voice 
of the other person through the telephone line or wireless 
connection, and yet he or she knows that another person exists 
on the other end of the line. The same analogy could be said of 
radio broadcast, albeit a one-way communication most of the 
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time. People just trust that there is a deejay in the studio that is 
hosting the radio show. Meanwhile, it is interesting that 
O’Donnell and Sharp [9] cited an earlier study that found 79% 
of students surveyed saw positive impact from e-learning. 
Hence, viewing the presence of the lecturer is unnecessary in 
the learning process as evident in Figure 3. 

With the advent of smartphones, various apps have become 
available assistance in our lives long before this pandemic. One 
of the widely used one is WhatsApp, which is a text messaging 
app that can cross different platforms and work with documents, 
videos, and links, to name a few. It has been used in work, 
business promotion, meetings, community groups, as well as 
learning. Telegram is another popular app with similar 
capabilities. Consequently, Figure 4 shows almost 92% 
students think that interacting with lecturers in this mode is 
never a problem at all. As the authors experience this first-hand 
that the interaction regarding class work goes far beyond the 
scheduled class time. 

 

 
Figure 3: "Although the lecturers' webcams were switched off 
during online classes, I could understand the lecture contents 

by looking at the shared slides or notes projected on the screen 
and listening to the lecturers' explanations." 

 

 
Figure 4: "Although the lecturers' live webcams were not 
switched on during online classes, they still managed to 

communicate and interact effectively with students". How far 
do you agree with this statement? 

 
The survey also suggests that about 88% of these university 

students can understand the materials being delivered. This is 
no surprise since many documentaries and lectures on YouTube 
for instance, do not show the face of the narrators anyways. 
Conversely, this work found that only 66% of students thought 
that the pronunciation was clear enough. This is highly 
important in courses like the English language where one of the 
skills being trained is listening. The causes for disturbance 

could be interruptions in internet connection as well as quality 
of devices being used such as the microphones and speakers. 

 

 
Figure 5: Lecture duration for a synchronous session 

 
Figure 5 shows that almost 65% preferred the online classes 

to take 1.5 hours or less. This can be related to both the attention 
span of the students as well as the data economics. The second 
author's own experience during graduate studies noted that 
classes at the University of Dayton in the USA lasted for 1 hour 
and 15 minutes per meeting. The classes there usually meet 
twice per week for a three-credit hour course. Meanwhile, at 
UTeM, the class duration remains longer even after the new 
guidelines issued by the Malaysian Qualification Agency 
(MQA) pertaining to student learning time (SLT). However, in 
the current norm, the delivery methods are not limited to 
lectures. The use of different approaches like videos and online 
apps are encouraged as well. 

 

 
Figure 6: Is a pre-recorded lecture acceptable when 

accompanied with group communication? 
 

Figures 6 touches on the asynchronous approaches where 
the lectures were pre-recorded by the instructors and shared 
with students via e-learning platforms or communication apps 
like WhatsApp and Telegram. The vast majority of the 108 
responses stated that this was acceptable. Most lecturers would 
record their real-time classes anyway and share them with the 
students for reviewing. Oftentimes, internet connection is bad 
or some students might be sick, hence, the recording would 
mean they do not have to miss anything from the class as they 
could view the class afterwards. This is probably the biggest 
advantage of going online. Moreover, only 2.8% do not agree 
with the use of quality lecture videos by people other than the 
lecturers. This means they want the lecturer themselves to 
deliver the recorded lecture materials. Consequently, there are 
abundant good videos on YouTube that can be shown in class. 
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Perhaps lecturers can use this sparingly, while giving priority 
to recording their own lectures. 

 

 
Figure 7: “I learnt a lot in computer-aided design (CAD) 

through online classes where the materials are very related.” 
 
The students seemed to be comfortable learning CAD 

through an online method as evident in Figure 7. This can be 
explained by the more detailed instructions being delivered 
with related examples being shown. They can see this up close 
on their computer screen instead of the big white screen in front 
of the lab. Additionally, when they get stuck while doing their 
exercises, they could contact the instructor for guidance even 
in the middle of the night via WhatsApp, for instance. Hence, 
with the CAD software installed on their own machine, they 
were likely to do well in the course. Conversely, there were 
three respondents who felt CAD should not be delivered online. 
They were first semester students who had yet to experience the 
real campus life. In reality, with many students in the lab, in 
normal circumstances, the close personal attention given by the 
instructor is likely to diminish. 

One of the challenges in teaching courses that depend on the 
use of software is the access to legitimate copies of the 
computer programs. Fortunately, there is Autodesk, which is a 
CAD and computer aided engineering (CAE) software maker 
that has been offering free student version of many of their 
products such as AutoCAD, Inventor, and Fusion 360. Another 
big name in CAE, Ansys also makes similar offer to college 
students and faculty around the world to make them familiar 
with their solution packages. Programming languages can help 
students a lot in their studies and free software means they can 
install them on their own machines and work from home. Some 
examples of this include Python, Scilab, and Octave. MATLAB 
is also available on a school-wide license that allow students to 
use the software even when they are off-campus. Hence, these 
tools undoubtedly help in delivering the online training when 
face-to-face sessions are not permissible. 

 
4. CONCLUSION 

The COVID-19 pandemic has unexpectedly forced 
Malaysian universities and colleges to embrace online learning 
in order to continue the teaching and learning process. The 
challenges are real and perhaps there are situations or courses 
and laboratory sessions that still require face-to-face meetings. 
However, it is quite surprising how most of the effective 
learning and teaching can in fact be done through e-learning. 
The use of webcams for class seems unnecessary. Furthermore, 

the findings from this survey have shown that students from 
multidisciplinary fields, specifically in social sciences 
(language) and science (engineering) can equally benefit from 
online learning.   
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Abstract —It is important to increase the body's immune 
system during the Covid-19 pandemic, one of which is by 
exercising. But the fact is that most people tend to be 
reluctant to exercise for various reasons. Therefore, this 
study analyzes how the community's motivation in 
exercising during the Covid-19 pandemic with the Octalysis 
core drive analysis can be explored further so that what 
drives may be weak and strong so that they can be used as 
references for interested parties to organize sports activities 
more desirable. The results of the analysis show that the 
tendency of people to exercise during the Covid-19 
pandemic is motivated to want to maintain their own health 
and inspire others to live healthy as evidenced by the core 
drive-1 and core drive-4 scores of 8 out of a target score of 
10. Cooperation in sports is not really needed because the 
community is not very motivated by these two things, as 
evidenced by the Core Drive-7 and Core Drive-8 scores, 
which are 6 out of a target score of 10. 
 
Keywords — Gamification; Octalysis; Sport in Covid-19 
 
1. INTRODUCTION 

 
The rapid spread of the Covid-19 virus has changed 

civilization and lifestyle. All countries are trying to reduce the 
impact of the spread of this virus. Based on research that the 
most effective way to fight Covid-19 is to increase the body's 
immune system. One way to increase the body's immune 
system is to exercise consistently[1],[2]. But in fact, most 
people are reluctant to exercise. For this reason, it is necessary 
to study how the motivation to exercise for each individual is, 

what makes a person motivated or vice versa[3],[4],[5]. From 
this motivational exploration, it is expected to find out the 
causes and solutions to increase exercise motivation. 

One approach in exploring motivation is the Octalysis 
gamification framework model [6],[7]. This framework has 8 
core drives as a benchmark measure of motivation. 
Gamification is an approach that uses game components in 
solving non-game problems [7]. The purpose of gamification is 
to increase user retention or motivation in using the gamified 
system [8], [9]. While Octalysis is one of the frameworks in 
gamification that focuses on extracting core drives. The 
principle of Octalysis is to believe that every person's actions 
to do something are based on 8 types of core drives [6],[10],[11]. 
When someone is reluctant to do something or is motivated to 
do something, it can be seen from the value of their core drive. 

Mechanics Dynamics Aesthetics

Designer
Player

 
Figure 1 Gamification Concept[12] 

 
Several studies have proven effective in using gamification 

to increase health care motivation, by utilizing elements such 
as points, rewards and leaderboards[13],[14], there has even 
been a literature review discussing the role of game elements in 
health care[15],[16],[17]. While Octalysis as a gamification 
framework that has a motivational description in 8 core drives 
has the potential to provide more detailed motivational analysis 
results [6],[9] Figure 2. Several previous studies have used 
Octalysis to analyze learning motivation [9]. In another study, 
Octalysis was used to analyze customer motivation[18],[8]. 
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Figure 2. Octalysis Framework[9],[18] 

 
 Therefore, this study aims to analyse what drives influence a 
person to exercise and this analysis can be used by interested 
parties such as sports application developers, sports club 
managers, companies that want to design sports programs for 
their employees, other fields of work or others can use this 
analysis as a reference for their plan. 
 
2. RESEARCH METHODOLOGY 

 
This study was designed with a comparative test approach 

to questionnaire analysis with a Likert scale and an octalysis 
scale. Comparisons are made to strengthen the analysis, then 
the results will be compared and analysed. Figure 3 illustrates 
the research methods carried out in this study. 

 

 
The following are the steps of the research methodology in 

this study: 
i. Designing and distributing questionnaires to the general 

public, the sample is randomly selected from the general 
public who do exercise either regularly or not. The 
number of samples is 58 respondents. Determination of 
the sample using the Slovin formula [19], [20] 𝑛𝑛 = 𝑁𝑁

1+𝑁𝑁 𝑒𝑒2 
, where n = Sample Number, N = Population Number, e = 
Deviation standard. So in the 68 population produced 58 
samples as respondents. 

1. Tabulate the questionnaire data after the data is filled in 
by all respondents. Designing of questionnaire shown in  
Table 1. 

Table 1: Questionnaire Design 
Core Drive Question Scale 

CD-1 One of my goals is to exercise so that I can inspire others to exercise and maintain health 1,2,3,4 
CD-2 In exercising, I try to improve the rhythm of the sport to improve my 

performance/achievement in exercising 
1,2,3,4 

CD-3 In exercising I like to use various media to make it more interesting 1,2,3,4 
CD-4 Every achievement in improving my sport, I try to be responsible in maintaining it 

because of the commitment to stay healthy 
1,2,3,4 

CD-5 In sports I like to compete with friends or encourage/support each other 1,2,3,4 
CD-6 In the sports community I often check if there is a competition program or the like that 

doesn't appear regularly 
1,2,3,4 

CD-7 I often check and seek information if there are new competition opportunities in the 
sports community to get unexpected surprises in the program in the community. 

1,2,3,4 

CD-8 The mechanism of the learning system is that there is an achievement board facility that 
can be known to all students, thus encouraging students to always maintain/increase the 
level so that they are not judged badly in the learning environment. 

1,2,3,4 
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ii. Perform Liket scale analysis test with the core drive 

octalysis test rules with Likert scale [8], [9]. 
iii. Perform the octalysis scale analysis test with the 

octalysis framework scale testing rules [6]. 
iv. Perform a comparative analysis of the 2 methods 

followed by recommendations on the results of the 
scores of each core drive. 

1. Designing and 
distributing the 
questionnaire

Questionnaire data fi lled

2. tabulation process

Data tabulation

3. Analysis of 8 core 
drives with Likert 

scale

4. Analysis of 8 core 
drives with Octalysis 

Scale

8 core drives Octalysis 
scale result

5. Comparison of 
likert scale and 

octalysis method

Exercise habits motivation 
Analysis result

8 core drive 
ocatalysis result

 
Figure 3 Research Methodology 

 
3. RESULT AND DISCUSSION 

 
The first data test was carried out with a Likert scale 

analysis. The score data is grouped by core drive group and 
totaled. Furthermore, a range scale is made for each category 
with a total core drive score, made into 4 categories: “very low 
(58 – 101)”, “low (102 – 145)”, “high (146-189)” and “very 
high (190 – 233)”. From the results of data testing, it is obtained 
that the total score and categories of 8 core drives are all in the 
"High" category (Table 2). 

 
Table 2: Octalysis Likert Scale Analysis Result 

Core Drives Total 
Score Category 

C.D.1 Epic Meaning and Calling 
C.D.2 Development adan 

Accomplishment 
C.D.3 Empowering of Creativity and 

Feedback 
C.D.4 Ownership and Possession 
C.D.5 Social Influence and 

Relatedness 
C.D.6 Scarcity and Impatience 

178 

170 

166 

183 

172 

157 

High 

High 

High 

High 

High 

High 

C.D.7 Unpredictability and Curiosity 
C.D.8 Loss and Avoidance Refers 

148 

153 

High 

High 

 
The second, data test was carried out by octalysis scale 

analysis. The data is grouped by core drive group and totaled. 
Furthermore, a scale of 10 ranges was made. Determination 
of 10 ranges is based on the maximum score of the Octalysis 
scale[6]. From the results of the octalysis scale test, the total 
score and range group data obtained from 8 different core 
drives (Table 3). 
 

Table 3: Octalysis Likert Scale Analysis Result 

Core Drives Total 
Score Scale Target 

C.D.1 Epic Meaning and 
Calling 

C.D.2 Development adan 
Accomplishment 

C.D.3 Empowering of 
Creativity and 
Feedback 

C.D.4 Ownership and 
Possession 

C.D.5 Social Influence and 
Relatedness 

C.D.6 Scarcity and 
Impatience 

C.D.7 Unpredictability and 
Curiosity 

C.D.8 Loss and Avoidance 
Refers 

178 

 

170 

166 

 

183 

172 

 

157 

148 

153 

8 

 

7 

7 

 

8 

7 

 

7 

6 

6 

10 

 

10 

10 

 

10 

10 

 

10 

10 

10 

 

 
Figure 4 Octagon Scale of Exercise habit 

 
From the comparison of the results obtained against the 

Likert scale analysis with the Octalysis scale, there are 
differences in the diversity of results obtained by the 
Octalysis scale. The Likert scale only shows one 
homogeneous result, so it is assumed that the level of 
motivation of the community's core drive towards exercise 
habits tends to be the same, so that other knowledge about 
the condition of their respective core drives is not possible. 
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While the results of the Octalysis scale analysis can present 
various scales (Table 3) and are equipped with an Octagon 
scale (Figure 4) which can describe the position of each 
respondent's core drive when compared to the ideal core 
drive target. 

Based on the octalysis analysis test, the highest score 
group with a scale of 8 was CD-1 Epic Meaning and Calling 
and CD-4 Ownership and Possession. From these two scales, 
it can be concluded that the tendency of respondents to be 
motivated to exercise during the Covid-19 period because 
they want to inspire others to do sports and are more 
motivated to exercise if facilitated by things that can explore 
their progress. The next group is a 7-scale group, namely: 
CD-2 Development which relates to achievement motivation, 
CD-3 Empowering of Creativity and Feedback related to 
motivation to create types of sports, CD-5 Social Influence 
and Relatedness which relates to motivation to work together 
or competing in sports, and CD-6 Scarcity and Impatience 
which deals with motivation to do rare sports that other 
people rarely do. This group has a lower score meaning that 
respondents are not too motivated to achieve, be creative, 
and compete in running sports during the Covid-19 
pandemic. Meanwhile, the lowest score on a scale of 6 is in 
the groups: CD-7 Unpredictability and Curiosity and CD-8 
Loss and Avoidance Refers. CD-7 and CD-8 are a 
continuation of exploring the motivation to compete, so it 
can be concluded that the more motivated to compete from 
running sports during the Covid-19 pandemic is small. 

Based on the test results, it is proven that the gamification 
method, especially the octalysis framework, is able to 
analyze motivation in more detail [18],[9],[8] , therefore, the 
implications of the analysis results can be used as a more 
accurate consideration. 
 
4. CONCLUSION 

 
From this study, it can be concluded that the Octalysis scale 

can detect and analyse a person's motivation to carry out certain 
activities in more detail. And the experimental results conclude 
that the tendency of people to exercise during the Covid-19 
pandemic is motivated to want to maintain their own health and 
inspire others to live healthy. While the atmosphere of 
competition and cooperation in sports is not really needed 
because people are not too motivated from these two things. 
Therefore, this research can be used as a reference for interested 
parties who need data relating to motivation to exercise during 
a pandemic. 
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Abstract —Security has become an important element in our 
daily life. It has been applied in vast areas including the door 
access control of a room or a building. The door access control 
system has grown with many improvements. However, as we 
living in a modern era, the risk of a security breach is higher. 
There are limitations in common techniques like key and smart 
card mechanism, fingerprint, iris, and face recognition. Thus, this 
study proposes an IoT system design for a door access control 
system using a voice recognition technique to fill in the gap. The 
system will only recognize the authorized users for the entry by 
identifying the correct random words given. An alert will notify 
authorized users about the entry through Telegram. Therefore, 
this approach can be used by institutions or organizations to 
improve the security of a critical room or the building from 
prohibited users. Waterfall model methodology guides the design 
process. The design of this system will be implemented and tested 
in the next stage to ensure the functionalities of the system.  The 
study opens up many opportunities to solve security issues or 
challenges in a door access control system.  
 
Keywords —IoT System; Voice Recognition; Access Control  
 
1. INTRODUCTION 

Access control is a fundamental concept in security that 
minimizes the risk of an organization. Physical access control 
limits access to campuses, buildings, rooms, and physical IT 
assets. With the availability of modern technology, the risk of 
security breaches is increased. Numerous works have been 
conducted in access control areas including door access control 
systems. For example, in securing the facility, common 
techniques like a mechanical key, electronic smart card systems, 
pin and password, fingerprint, and face recognition systems 
were developed [1-7]. However, there are shortcomings of 
these techniques such as missing keys [8], hacked pins and 
passwords [9], and high quality of impersonation [10].  There 
is still room for improvement to tighten the security of the 
dedicated room or building from unauthorized access.  

Voice is a unique physical characteristic that can be used to 
identify individuals which are commonly known as biometric 
or biological measurement. Through voice recognition 
technology the user’s voice can be recognized. Voice biometric 
is an accurate technology to authenticate users and this 
technology is become more widely used these days in many 
devices, products, or applications as voice inputs are 
considerably more efficient than typing. According to Gary 
Audin (2020) [11], for conversational Artificial Intelligence 

(AI) companies using biometrics, the average industry accuracy 
rate is 90 percent.  

Voice technology is easy to use as it does not depend on the 
quality of the lighting as other biometrics such as retina or face 
recognition.  It has a higher degree of acceptability among users 
than many other biometric identity verification techniques. 
Thus, the purpose of this study is to design an IoT system that 
only allows authorized users to enter a secured room using the 
voice recognition technique.  

Besides recognizing users, the proposed solution will also 
generate notifications through an online platform, the Telegram 
application, when the system can authorize the users for door 
access. With this feature, it provides some kind of monitoring 
capability. Due to the current trend where the majority of 
people are using smartphones, the mobile application of the 
door access system will be an attractive feature. The authorized 
users need to execute the mobile application to access the 
phone’s microphone and once the voice is recognized, the door 
access will be granted and the system will notify the user 
through the Telegram application. 

The rest of the paper is structured as follows. Section 2 
presents the method used in this study. Results are elaborated 
in Section 3. Finally, the paper ends with a conclusion.   
 
2. METHOD 

For this work, the methodology is based on the System 
Development Life Cycle (SDLC) of the Waterfall Model. The 
methodology is usually used to develop the project in a short 
time. It consists of 6 main phases which are requirement 
analysis, design, implementation, testing, deployment, and 
maintenance. 

 
Figure 1: Waterfall Model Methodology 
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a) Requirement Analysis 
In this phase, all information related to the project is 

gathered. The collection of data and ideas are collected by 
doing a literature review. Based on the literature review that has 
been conducted, the information can be used to identify the 
common problems and try to solve them based on the 
information that has been gathered. Table 1 represents the list 
of hardware and software requirements. 

 
Table 1: Hardware and Software requirement 

Components Description 
Python IDE 
 

Open source programming software for 
Python 3 version 3.6.8. 

Arduino IDE 
 

A free and open-source program for 
developing and compiling code for the 
Arduino module. Supports C and C++ 
programming languages. 

Telegram An online instant messaging application. 
Flutter An open-source user interface software 

development kit. It is used to create cross-
platform apps from a single codebase. 

Arduino Uno 
 

Arduino is an open-source electronics 
platform that uses simple hardware and 
software to make it easy to use.  

Solenoid 
door lock 

The electronic-mechanical locking 
mechanism is used by a solenoid lock. 

WiFi module 
 

ESP8266 WiFi Module is a self-contained 
SOC with an inbuilt TCP/IP protocol stack 
that can provide access to WiFi networks to 
any microcontroller.  

Jumper Wire 
 

Wiring with connector pins at each end, 
allowing them to be used to connect two 
points without soldering.  

 
 Data requirement 
The input of the proposed solution is the user’s voice. The 

users need to record their voices using a microphone from the 
devices. When the system recognizes their voices, the data will 
be transferred to the database for the enrolment phase. For the 
authentication phase which to unlock the door, users need to 
record their voices using a microphone from their mobile 
phones then the voice will be compared with the database 
through the system. The system will verify the authorized users 
and if there is an identical match, the system will send the 
permission signal to the Arduino platform to unlock the door. 
After successfully unlock the door, notifications will be sent to 
the user through the Telegram application. 

 Functional requirement 
In the enrolment part, the authorized users need to be 

registered. The inputs are the username, password, and voice 
samples.  The output of this stage will be displayed in the 
system terminal. The system will check whether the voice 
samples are matched with the samples in the database and then 
the models will be trained. In the authentication phase, the 
authorized users log into the system by inputting the username 
and password, and the users need to successfully say one 
random word that is automatically generated by the system. 

Once verified the door will be opened and the user will get a 
notification. 

 
b) Design 
In the design phase, all the hardware and system 

requirements are prepared. Few methods can be used for the 
system to recognize the owner which are:  

 Randomly Generating Words 
Users need to say three random words for the enrolment 

phase and the authentication phase, users only need to say one 
random word that is automatically generated by the 
module. Only chosen words that are generated by the system 
are valid for users to authenticate their voices.  

 Fuzzy Matching 
Speech-to-text service is used by the system to recognize 

the words in determining the input from the user and matching 
it with the generated text. This is accomplished by using fuzzy 
logic. Based on the threshold that is provided, the voice 
biometric solution accepts the user's input as an acceptable 
input. The Python library FuzzyWuzzy is used to match the 
words generated by the Google API to the words expect. If the 
fuzzy matching score is greater than 65, computed by the 
Levenshtein distance, then the words are accepted by the 
systems. If not matched, new random words will be 
continuously generated until the correct word is being said by 
the user. 

 Voice Activity Detection and Long Time Spectral 
Deviation 

Voice Activity Detection and Long Time Spectral 
Deviation are techniques used to clean the raw voice samples. 
Once the voice input is accepted, the noise will be removed as 
much as possible before any features is extracted by the system. 
The first step is to use Voice Activity Detection or VAD to 
record the background noise. This background noise is used to 
create a baseline for voice activity in the user’s input voice. 
Next, the Long Time Spectral Deviation is applied to only 
select the frames that contain voice activity. This step filters out 
most of the noise in the user’s input voice. 

 Mel Frequency Cepstral Coefficient Feature 
Extraction (MFCC Extraction) 

This is feature extraction by using the MFCC algorithm. 
This process represents the short-term power spectrum of a 
sound. It is used in Automatic Speech Recognition as a 
technique to extract features from audio.  

 Gaussian Mixture Model (GMM) 
GMM is used to train the model using a Gaussian mixture 

model. This is a clustering algorithm that clusters the different 
features of the voice to create the user’s voiceprint. Then the 
voiceprint is stored in a voiceprint database. 

 
c) Implementation 
During the implementation phase, the system architecture 

specified for the design phase includes system programming, 
troubleshooting, and module test. The system design is 
implemented using the required programming language during 
the implementation phase.  
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d) Testing 
The testing phase involves the program being integrated 

into the desired client environment.  
e) Deployment 
Finally, after successful completion of the test phase, the 

system is released for the user for productive use.  
f) Maintenance 
In this phase, the system will be maintained, delivered, and 

improved from time to time so that the system will work 
properly and does not have any mistakes that can cause failure 
to the system. 

 
3. RESULTS AND DISCUSSION 

 System Design 
This part describes the proposed design of the voice 

recognition door access control system using the mobile 
application. There are two phases involved in this design. The 
enrolment phase records, extracts, and stores users’ voices in 
the database whereas in the authentication phase, the authorized 
users need to log in to the mobile application and say the word 
for comparison purposes. The system reacts accordingly as 
configured for lock and unlock state. Five processes are used to 
recognize and train the models which are randomly generating 
words, fuzzy matching, voice activity detection and long time 
spectral deviation, Mel frequency cepstral coefficient feature 
extraction (MFCC Extraction), and Gaussian Mixture Model 
(GMM). Figures 2 and 3 illustrate the system designs of the 
proposed solution. 

 Web Interface Design 
The following figures represent the interface design of 

voice authentication. Figure 4 shows the system interface for 
the voice authentication part. 

 
Figure 2: Proposed Design for the Voice Recognition 

Process 

 
Figure 3: Proposed System Design  

 

 
Figure 4: Voice Authentication System Interface  

 
 Model Design  
Figures 5, 6, and 7 illustrate the drawing of the door access 

control system. Before employing real hardware, online 
software was used to design the circuit. The main components 
are Arduino Uno, solenoid door lock, WiFi module, breadboard, 
and jumper wire.  

 
Figure 5: Overall Circuit Diagram 
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Figure 6: Circuit Diagram for Wifi Module 

 

 
Figure 7: Circuit Diagram for Arduino Uno 

 
4. CONCLUSION 

An IoT system design for a door access control system using 
voice recognition technology has been presented in this paper. 
In the next stage, the system will be implemented and tested to 
ensure the proposed system functioned properly. The outcome 
of this study can be referred by other researchers in designing 
related IoT systems. 
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Abstract — Waste Management is a major community 
service all over world. However, the current approach 
consumes uses more time and energy to inspect each trash 
can. This paper aims to offer new waste management by 
integrating with Internet of Thing (IoT) technology. 
Through the development of prototype, the level of waste in 
the container can be detected and measured accurately 
using ultrasonic sensors. There are several predefined 
thresholds such as Empty, Low, Medium, High Risk and 
Full be notified by employees about the status by using 
Blynk App. As a result, a prototype of effective real waste 
management has been developed and successfully tested. 
Value-enhancing and timesaving in waste management 
systems are important for increasing productivity in human 
life systems.   
 
Keywords — Waste, IoT, Sensor, threshold, Microcontroller 
 
1. INTRODUCTION 

Solid waste management is one of the most critical 
community services for serving a better and healthy ecosystem 
in our community. Without proper and effective way of 
handling housework wastage, it causes many effects of human 
problem such as pollution, spreading the infection and adverse 
effect on the hygiene of living things. By example pollution, 
diseases and has undesirable effects on the hygiene of living 
beings [1]. On top of that, some countries are still applied the 
traditional waste management which it is not too efficient to 
alert the worker in a wide range of area [2]. In the traditional 
way to collect the waste, the worker needs to collect all waste 
container regardless the container is full or not. This method is 
more time consuming, and more energy are used. 

 
Recent studies shows that IoT becomes a preferred solution 

for the waste management system. It aims to overcome the 
problem of operations and processes in real-time scenarios [6].  
The basic architecture of waste management system consists of 
three main components which are sensor, microcontroller, and 
connectivity. To detect the level of the waste in container, 
several types of sensors has been used such as load cell, 
ultrasonic sensor, and camera. According to [4-5], the 
combination between load cell and three ultrasonic sensors 
results to more accurate reading and better result however it is 
not practical in terms of costs. In terms of the data processing, 
most researchers prefer to use Arduino UNO as a 
microcontroller compared to other types of Arduinos such as 
Arduino Mega and Arduino IDE [7-8]. It considers as the most 
simple and easy to use for comparing the value from sensor 

with the pre-defined thresholds. Once the reading reaches the 
pre-defined thresholds, it must be transferred across Internet 
connectivity to a centralised server. There are two common 
types of connectivity which are RFID and Wi-Fi. However, 
most researcher use Wi-Fi because it much simple and have 
wider bandwidth compared to RFID [7-9]. 

 
In this paper, we aim to propose a prototype of an effective 

waste management by using Sensor technology as an 
innovative and effective solution. It is mainly to overcome the 
weakness of the current waste management, develop and 
evaluate the proposed system. The proposed system will 
involve several phases which are waste container level 
detection, decision making and trigger the notification using 
mobile application to acknowledge the waste management 
service about the status of waste container to be handled.  

 
The rest of the paper is organized as follows. Section 2 

covers the method, design, and working principles of the 
proposed system. Followed by Section 3, we analyse the results 
and make some discussion. Finally, Section 4 concludes this 
paper and discusses some of the possible expansions of our 
work. 

 
2. METHOD 

The implementation of the proposed system requires 
several hardware such as ESP8266 NodeMCU, ultrasonic 
sensor [3-5], jumper wire and mobile phone. Meanwhile, 
software required such as Arduino IDE, C Programming and 
Blynk application. The detail explanation for each items 
involves can be seen in Table 1. 

 
Table 1: Hardware and Software Requirements 

 

  
Hardware 

Items Usage 

 ESP8266 
NodeMCU 

It is an open-source microcontroller 
with Wi-Fi connection 
 

 Ultrasonic 
sensor 

A device for sensing a level of waste 
surface in the container by emitting 
the sound waves at a high frequency. 
 

 Mobile phone A device to notify user using a Blynk 
Application. 
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In term of design, the proposed system represents in logical 

and physical design. The logical design can be illustrated as in 
Figure 1. The ultrasonic sensor will be attached to the container  
lid and then connected to ESP8266 NodeMCU. The sensor will 
regularly detect the level of waste in the container and feed the 
value to the microcontroller. The microcontroller will get the 
value and start to be compared to the defined threshold. There 
are three defined thresholds: Empty, Low, Moderate, High Risk 
and Full. 

 

 
Meanwhile, Figure 2 show the schematic diagram on how 

the physical connection between hardware.   
 

 
Figure 2: Schematic diagram 

The operation of the proposed system will be explained in 
Figure 3. Start with the ultrasonic sensor measures the distance 
between the surface of waste and the lid of dustbin. Since we 
use the defined thresholds (Empty, Low, Moderate, High Risk 
and Full), the distance for each threshold can be measured 
within less than 30 cm, 25 cm, 20 cm, 10 cm, and 5 cm. Each 
status will be sent to Mobile phone to acknowledge the worker 
about the level of waste in the container. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The coding for performing the detection of waste level in 

the container can be seen in the following Figure 4.  

Software 
Items Usage 

 Arduino IDE A cross-platform application use to 
set instruction and upload the 
program to the ESP8266 NodeMCU. 
 

 Blynk 
Application  

An IoT platform used to control and 
monitor the IoT devices by sending a 
notification to the user. 
 

 C Programming The language used in Arduino IDE 
which is very flexible and versatile. 
 

Yes 

Start 

Sensor measures the distance 
between the surface of waste and 

the lid of container 

Exceed 
threshold 

Notify user through Blynk Application 

Update status 

End 

No 

Figure 3: The operation of the proposed system 

Figure 1: Logical design of the proposed system 

Figure 4: The pre-defined thresholds 
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Figure 5 (b): Half-waste Indicator 

3. RESULT AND DISCUSSION 
 
The testing has been carried out to test the effectiveness of 

the proposed system. It can be divided into two types of testing 
which are organizational testing and environmental testing. The 
former testing aims to make sure each component can be 
operated correctly. Meanwhile the latter testing to ensure that 
the proposed system will responses to the level of waste in 
container as expected. Therefore, there are several scenarios 
has been designed to represent no waste being detected, nearly 
full and fully occupied.  

 
Once the prototype system being activated, the ultrasonic 

sensor will send an ultrasonic pulse out at 40kHz, and it will 
bounce back to the sensor. By calculating the travel time and 
the speed of sound at the sea level (34300 cms-1), the distance 
can be calculated based on Equation 1: 

 
Distance = (Time x SpeedOfSound) / 2            (1) 

 
Once the distance being calculated, it will be compared to 

the pre-defined thresholds and then connected to the Blynk 
Application. Here, a user has been notified with the level waste 
with its equivalent status.  

 
The result of each environmental testing can be seen in 

Figure 5 (a-c). Based on Figure 5(a), the distance has been 
calculated as 31 cm which means that the container is still 
empty, and a user will be received status of Empty based on 
green indicator.  

 

 
  
 
 

 
Meanwhile, Figure 5(b) shows that the result from Blynk 

Application when the calculated distance being decreased over 
a time.  A user will be notified easily by the changing of maroon 
indicator as shown.  

 

 
 

 
 

Then, Figure 5(c) shown the situation of Full waste has been 
detected. The distance between waste and lid of container 
approximately 3cm represents that the container is almost fully 
occupied. The red indicator will be clearly seen in the Blynk 
Application. 
 

 
 

 
 

Based on the results, it shown that our prototype of waste 
management by only using Ultrasonic Sensor provides simple 
and more effective solution with minimum cost. The ultrasonic 
sensor able to detect and update the status of container within a 
regular interval time.  

 
4. CONCLUSION 

In overall, the proposed system has been successfully 
developed and tested. The effective and smart waste 
management able to reduce time consuming and energy. In 
future, the enhancement needs to be carried out such as 
compress waste to offer more space and overcome the smelly 
from the waste.     

Figure 5 (a): Empty-waste Indicator 

Figure 5 (c): Full-waste Indicator 
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