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ABSTRACT 

Over the past few years, there has been significant attention given on motion 
recognition in computer vision as it has a wide range of potential applications that can 
be further developed. Hence, a wide variety of algorithms and techniques has been 
proposed to develop human motion recognition systems for the benefit of the human. 
Salat—an essential ritual in Muslim daily life which helps them be good Muslims—is 
not solely about the spiritual act, but it also involves the physical movements in which 
it has to be done according to its code of conduct. The existing motion recognition 
proposed for computing applications for salat movement is unsuitable as the 
movement in salat must be performed in accordance to the rules and procedures 
stipulated, the accuracy and sequence. In addition, tracking all skeleton joints does not 
contribute equally toward activity recognition as well as it is also computationally 
intensive.  The current salat recognition focuses on recognizing main movements and 
it does not cover the whole cycle of salat activity. Besides, using a wearable sensor is 
not natural in performing salat since the user needs to give absolute concentration 
during salat activity. The research conducted was based on the intersections of 
technological development and Muslim spiritual practices.  This study has been 
developed utilizing dual-sensor cameras and a special sensor prayer mat that has the 
ability to cooperate in recognizing salat movement and identifying the error in the 
movement. With the current technology in depth cameras and software development 
kits, human joint information is available to locate the joint position. Only important 
joints with the significant movement were selected to be tracked to perform real-time 
motion recognition. This selective joint algorithm is computationally efficient and 
offers good recognition accuracy in real-time. Once the features have been 
constructed, the Hidden Markov Model classifier was utilized to train and test the 
algorithm. The algorithm was tested on a purposely built dataset of depth videos 
recorded using a Kinect camera. This motion recognition system was designed based 
on the salat activity to recognize the user movement and his error rate, which will later 
be compared with the traditional tutor-based methodology. Subsequently, an 
evaluation comprising 25 participants was conducted utilizing usability testing 
methods. The experiment was conducted to evaluate the success score of the user’s 
salat movement recognition and error rate. Besides, user experience and subjective 
satisfaction toward the proposed system have been considered to evaluate user 
acceptance. The results showed that the evaluation of the proposed system was 
significantly different from the traditional tutor-based method evaluation. Results 
indicated a significant difference (p < 0.05) in success score and user’s error rate 
between the proposed system and traditional tutor-based methodology. This study also 
depicted that the proposed motion recognition system had successfully recognized 
salat movement and evaluated user error in salat activity, offering an alternative salat 
learning methodology. This motion identification system appears to offer an alternate 
learning process in a variety of study domains, not just salat movement activity. 
  



vii 

ABSTRAK 

Sejak beberapa tahun kebelakangan ini, terdapat perhatian penting diberikan 
pada pengecaman pergerakan dalam bidang visi komputer memandangkan ia 
mempunyai pelbagai aplikasi yang berpotensi untuk dibangunkan. Oleh itu, pelbagai 
jenis algoritma dan teknik telah dicadangkan untuk membangunkan sistem 
pengecaman pergerakan manusia untuk faedah manusia. Solat—suatu upacara penting 
dalam kehidupan seharian Muslim yang membantu mereka menjadi Muslim yang 
baik—bukan semata-mata tentang perbuatan rohani, tetapi ianya melibatkan 
pergerakan fizikal yang mana ia perlu dilakukan mengikut kod kelakuannya. 
Pengecaman pergerakan sedia ada yang dicadangkan untuk aplikasi pengkomputeran 
untuk pergerakan solat adalah tidak sesuai kerana pergerakan dalam solat mesti 
dilakukan mengikut peraturan dan prosedur yang ditetapkan, ketepatan dan urutannya. 
Tambahan pula, pengesanan semua sendi rangka tidak menyumbang secara sama rata 
ke arah pengecaman aktiviti dan ianya juga intensif dari segi pengiraan. Pengecaman 
solat sedia ada memberi tumpuan kepada mengenali pergerakan utama dan tidak 
meliputi keseluruhan kitaran aktiviti solat. Selain itu, menggunakan sensor boleh pakai 
adalah tidak menjadi kebiasaan semasa mengerjakan solat kerana pengguna perlu 
memberikan penumpuan sepenuhnya semasa aktiviti solat. Penyelidikan ini adalah 
berdasarkan persimpangan pembangunan teknologi dan amalan kerohanian Muslim. 
Kajian ini telah dibangunkan menggunakan kamera dwi-sensor dan sensor khas pada 
sejadah yang bekerjasama untuk mengenali pergerakan solat dan mengenal pasti 
kesilapan dalam pergerakan. Dengan teknologi semasa dalam kamera kedalaman dan 
kit pembangunan perisian, maklumat sendi manusia telah tersedia untuk mengesan 
kedudukan sendi. Hanya sendi yang penting dengan pergerakan ketara telah dipilih 
untuk melakukan pengecaman pergerakan masa nyata. Algoritma sendi terpilih ini 
cekap dari segi pengiraan dan menawarkan ketepatan pengecaman yang baik dalam 
masa nyata. Apabila ciri telah dibina, pengelas Model Markov Tersembunyi telah 
digunakan untuk melatih dan menguji algoritma. Algoritma telah diuji pada set data 
video kedalaman yang dirakam menggunakan kamera Kinect. Sistem pengecaman 
pergerakan ini direka bentuk berdasarkan aktiviti solat untuk mengenal pasti 
pergerakan pengguna dan kadar ralat pengguna, yang kemudiannya akan 
dibandingkan dengan kaedah tradisional yang menggunakan tutor. Seterusnya, 
penilaian terhadap 25 peserta telah dikendalikan menggunakan kaedah ujian 
kebolehgunaan. Ujikaji dijalankan untuk menilai markah kejayaan pengecaman 
pergerakan solat pengguna dan kadar ralat. Selain itu, pengalaman pengguna dan 
kepuasan subjektif terhadap sistem yang dicadangkan telah diambil kira untuk menilai 
penerimaan pengguna. Keputusan menunjukkan bahawa penilaian sistem yang 
dicadangkan mempunyai perbezaan ketara daripada penilaian kaedah tradisional 
berasaskan tutor. Keputusan menunjukkan terdapat perbezaan yang ketara (p <0.05) 
dalam skor kejayaan dan kadar ralat pengguna di antara sistem yang dicadangkan dan 
kaedah tradisional berasaskan tutor. Dapatan kajian juga mendapati sistem 
pengecaman pergerakan yang dicadangkan berjaya mengecam pergerakan solat dan 
menilai kesilapan pengguna dalam aktiviti solat, dan ini secara tidak langsung, 
menawarkan kaedah alternatif pembelajaran solat. Sistem pengecaman pergerakan ini 
juga dilihat mampu menyediakan alternatif lain untuk kaedah pembelajaran dalam 
pelbagai domain kajian, tidaklah hanya terhad kepada aktiviti pergerakan solat sahaja.  
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Introduction 

Motion recognition is an active research area among researchers worldwide 

because this topic can cover a wide range of applications, such as in sports (Fung et 

al., 2014), health (Hoda et al., 2017), surveillance, and security (Tzanidou, 2014). 

Much active research still explores the beauty of motion recognition. With the advent 

of advanced technology, motion recognition has been an exciting topic to discover. It 

makes work more accessible and fun to explore, especially when it involves learning. 

Computer and education have always been exciting topics to uncover and unleased. 

The assisted learning is one of the issues in computer and education research (Chien 

et al., 2015). With assisted learning, it helps users or students have the ability to self-

learning to improve their studies' quality. It can also reduce the burden on tutors or 

teachers and help students prepare before the classes. These will be life saviors in 

improving the education system. 

Performing prayer correctly is a significant concern to all Muslims. In the Holy 

Quran, Muslims are obliged and required to perform prayer five times daily (Harun et 

al., 2016). In Islam, prayer is known as salat. Salat is an Arabic or Quranic word for 

prayer, and it is foremost worship in Islam. Salat is a pillar of all acts of worship in 

Islam. As a Muslim, the primary responsibility is to perform salat correctly and fully 

concentrated. Salat must be done following Islamic Law's demands, which is pegged 

to the Quran and Sunnah. Performing prayer precisely is a significant concern to all 

Muslims. In the Holy Quran, it is written that Muslims are obliged and required to 

perform prayer five times daily. 
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A well-known motivational figure in Malaysia did a study, Dato' Dr Mohd 

Fadzilah Kamsah, stated that 80% of Muslims in Malaysia still do not perform salat 

five times daily. His survey obtained this percentage through talks and motivational 

programs conducted nationwide. According to him, among those who abandon to 

perform the salat are students, youth, factory workers, and merchants (Utusan 

Malaysia 2008, 23 Jun).  

However, looking into the current scenario, there is neglect in performing salat 

by Muslims where they are not consistent in performing five times daily. (Suhaila et 

al., 2018) found that some Muslims still considered performing salat as not essential 

and not prioritized to fulfil it. Due to lack of knowledge and understanding about the 

importance of salat, causing the imperfection in salat performance. Subsequently, 

when salat has been neglected, this exposed many social problems among Muslims, 

such as moral issues, drug issues, and abortion. Salat movement is a unique body 

language. Even though Muslims perform salat every day, they still cannot perform 

salat in perfect movements. Muslims often make many mistakes in salat and continue 

to do so for years before realizing their mistake (Salman, 2010). As a Muslim, learning 

and practising salat properly is important because proper salat will lead somebody to 

be a good Muslim. 

It is important to have a strong fundamental in computer vision body of 

knowledge in order to understand activity recognition. Figure 1.1 shows the 

knowledge domain of activity recognition and understanding extracted from the 

Association for Computing Machinery computing classification system. Activity 

recognition and understanding fall under computing methodologies can be derived 

further into three categories: motion tracking, pose estimation, and motion recognition. 

This research is focused on motion recognition techniques throughout the process of 

problem formulation until the research contribution. This research is also an 

intersection with the Human-Computer Interaction (HCI) body of knowledge. The 

usability testing will be used to evaluate and validate research contributions. 
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Figure 1.1 Body of knowledge of study 
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1.2 Problem Background 

Human motion tracking is an important and challenging computer vision 

problem (Le et al., 2013). When considering vision-based tracking for human-

computer interaction, an interactive loop that includes several human motions is 

crucial. The complicated related system must operate in real-time, and acceptable low 

latency demands of human-computer interaction as feedback are needed (Fuhrmann et 

al., 2013). Since a few years ago commercial marker-based motion capture system has 

existed. It can record the movement of people at high frequency with precise accuracy, 

which makes it an ideal tool for the film industry. This system requires special clothing 

and a controlled environment like a studio (Pohl and Hadjakos, 2010). However, 

markers and the corresponding special clothing are not always desirable or even 

applicable. As a result, such systems are complex, expensive, and difficult to maintain. 

Thus, it makes marker-less tracking applications are high demand.  

Using a monocular or single camera is often challenged by problems such as 

occlusion and ambiguity. Marker-less human motion analysis from multi-view has 

been progressed rapidly in recent years (Colyer et al., 2018). Multi-view motion 

analysis using multiple cameras can resolve occlusion and ambiguity problems. Most 

human motion analysis needs various perspectives to find a good view of the human 

body and ensure the movements are correct or accurate. Using motion recognition will 

allow users to interact with a computer naturally and have recognition in real-time. 

Thus, to have real-time motion recognition, a robust algorithm is proposed to have 

stable and less-computational but still able to get recognition works. 

Receiving raw joint data from the sensor is challenging since there are noises 

and errors (Niu et al., 2020). Tracking all joint data is computationally expensive and 

more complicated for real-time recognition. Track all joints did not promise high 

accuracy; a subset of joint tracking also provides the same accuracy with tracking all 

joints (Anjum et al., 2017). The number of features is significant for the model to 

achieve a high accuracy metric. However, that is not the problem by creating a 

parsimonious recognition model. This concept focuses on creating a minimum feature 

model while maintaining high accuracy metrics.  
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As known as salat, Muslim prayer is one of the required acts in Muslim daily 

lives. Although they prayed every day, some did not notice the mistake. The current 

methodology in learning salat is still using the traditional method. As technology 

advances, the learning methodology should evolve from the conventional way with the 

computer. The traditional learning method used in the textbook as a medium for 

lessons seems less effective in attracting students' concentration (Zupanec et al., 2013). 

Teachers or tutors mainly depend on their narration to teach in the classroom, partly 

supported by graphics, which do not motivate the students' interest. Those abstract 

carriers have linear characteristics, which are sometimes difficult for them to catch up 

with. When the students do not understand the teacher's lecture, some stay quiet and 

do not ask questions.  

Human motion tracking and analysis have been exciting topics in computer 

vision because they can generate many potential applications. Humans express various 

desires, feelings, thoughts and facilitate communication on the level of emotion and 

ideas (Rwigema et al., 2019). The invention of new technologies in computer science 

is very stimulating, parallel with human communication development. Apart from 

human-human communication, human's natural form of communication is with God. 

In Islam, the human body with specific movement has become part of communication 

between humans with Allah to fulfil the purpose of creation and existence. This 

relationship between Allah and humans is unique and can be achieved by performing 

the salat, Islam's fundamental obligation. Therefore, this mutual communication is 

considered as the instrument of elevation.  Besides, Islam also encouraged using 

technology to manage the earth according to will and God's purpose (Mohd Khairi, 

2018).  

There are several ways humans can interact with the computer. Speech 

recognition was able for the user to interact with the computer by using voices. The 

touchscreen allows users to input the computer by touching it. With the latest 

technology, the user only needs to show simple gestures that can be used to input the 

computer (Kulshreshth et al., 2013). Each method requires specific hardware so that 

the computer can receive information from the user. The method used to interact with 

the computer should be suitable for the user's task. HCI has become an evolving field 
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that attracts experts from various fields to improve the application of computer 

programs and the convenience of computer users. HCI is mostly related to learning 

and cognition, where the emerging approach to learning and problem solving is 

problem-based learning (Tan, 2011). Most studies on computer-assisted learning focus 

on the systems' technical parts and describe some novel components. However, these 

studies are rarely assessed regarding learning effectiveness or user acceptance and 

satisfaction (Nagy, 2018).  

Existing salat research focuses on health and well being. The study found that 

performing salat with correct movement will ensure better health. The research focuses 

on finding the relationship between the salat movement and health (Harun et al., 2016). 

The finding shows that performing a correct salat movement posture will improve a 

healthy body. This research stated that a perfect movement would bring improvement 

toward human health. It does not focus on enhancing the salat movement itself but on 

proving that good salat movement will lead to good health. The other salat research 

develops action recognition toward recognizing and estimating salat movement. Most 

of the study estimated based on the salat movement sequence. They do not recognize 

the movement but estimate the result based on the sequence. Motion recognition in 

salat activity still has unresolved issues such as learning or assisting the user to achieve 

the correct salat movement. This thesis proposed motion-based interaction for salat 

movement learning by using motion recognition technology and knowledge. To 

achieve this, assisted learning with technology can help users learn and improve 

movement. 

1.3 Problem Statement 

Various researchers in human motion recognition have developed several 

existing techniques and algorithms. Salat involves physical movement and focuses our 

minds on Allah. In performing salat, every Muslim should follow the manners and 

standards set of movement based on salat laws. Several existing research has been 

proposed to recognize human motion in salat activities (Al-Ghannam and Al-Dossari, 

2016; Azizon Salleh et al., 2019). However, the research used wearable sensors, which 
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the user does not desire. Existing research on motion recognition in the computing area 

was not suitable for salat activity as it mostly does not correspond to the nature of salat 

movement itself.  

Motion recognition has strong potential to develop in the human-computer 

interaction field. However, existing databases on human motion are limited to daily 

activity (Guerra-Filho and Biswas, 2012). They do not cover all the important 

movements in salat activity. This study tries to improve existing salat research by 

enhancing salat motion patterns and vocabulary covering the whole salat activity. Even 

though salat movement research has been proposed, none of it is a motion-based 

system that supports real-time motion recognition and evaluation. This research 

attempts to contribute to the field and presents an algorithm to recognize salat activities 

and detect errors from the user. The main advantage of this research approach to 

activity recognition based on skeleton tracking is the selection of joins most relevant 

toward salat activity. This reduces the algorithm's computational complexity and 

enhances salat patterns and vocabulary datasets.  

1.4 Research Question 

The research question of this study are listed below: 

(a) Does the current motion recognition algorithm allow the adoption of 

salat movements? 

(b) How can Muslim's salat activities be assisted using motion recognition 

knowledge and technology? 

(c) Will motion recognition technology be acceptable in an assistive 

system for Muslim salat activities? 
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1.5 Research Aim 

This research aims to enhance user experience in salat learning through 

markerless motion recognition by proposing a selective joint algorithm for motion 

recognition and applying it to salat activity as an alternative method to assist Muslim 

salat learning.  

1.5.1 Research Objectives 

The objectives of the research are : 

(a) To construct markerless motion recognition for salat movement by 

proposing a selective joint position algorithm  

(b) To enhance existing salat motion pattern and vocabulary by adding all 

the important movements in the salat cycle 

(c) To integrate the proposed algorithm into salat learning and evaluate its 

performance, user experience, and acceptability 

 

1.6 Research Scope 

This research's scope has been determined to align with the aim and objectives 

to carry out this research. Among them are as follow: 

(a) this research will only follow salat rules and guidelines under Shafie 

Mazhab, which is dominant in Malaysia's Islamic thought, where this 

research was done. 

(b) This research is based on human motion recognition and analysis for salat 

movement. 
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(c) This thesis focuses only on salat activity movements, which do not 

include recitation in salat, as recitation should focus on the speech 

recognition process. 

(d) This research covers two cycles of raka'ah in salat activity, which is 

enough to cover all salat movement activity as a whole. 

(e) The salat movement speed was counted at least 3-second delay from each 

movement to fulfil salat law 

(f) This research only covers the adult motion database to prove the 

proposed algorithm; no child data was used. 

(g) For female database, this study does not cover females in telekung, which 

is not the requirement to fulfill to perform salat, as long as they cover 

their body  

(h) A fully functional real-time motion recognition was developed and used 

in the evaluation stage.  

(i) This research focuses on to single user at one time to optimize the 

evaluation of the proposed prototype 

(j) Evaluation of the proposed prototype is specific to measuring the ability 

motion recognition and user error rate in salat movement 

 

1.7 Significant of Research 

The research is combining motion technology into Islamic educational tools. 

The proposed interaction contributes to human-computer interaction and the 

educational technology domain. Learning to perform salat properly is very important 

as Muslims do it in their daily lives.  Learning performing salat through technology 

could solve their quality issue as adults are shy to ask and learn from others. This 

makes them continue making some mistakes for years. Based on this study, this 

research's outcomes can contribute to the current unexplored motion recognition area, 

such as salat movement. The proposed algorithm can also be used in other motion 

recognition areas and as a learning tool for other motion movements. 
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1.8 Organization of Thesis 

This thesis is structured into six chapters. Chapter 1 introduce the background 

and problem of this work. The aim and objectives to be accomplished by this research 

are also given, along with the scope. Chapter 2 discusses the literature review, an 

overview of the previous research relevant to this work. Chapter 2 describes the history 

of motion research and its state of the art. It also discusses the salat ontology and its 

learning methodology. A related issue to user interaction and learning technology is 

highlighted as well. 

Chapter 3 presents the adopted research methodology, the research nature, and 

the whole research design. This chapter includes an overview of the research 

procedures and methods used to design human motion recognition and analysis for 

salat learning. Chapter 4 discusses insight into problem formulation using observation 

and expert interviews. The process of development for the proposed prototype also 

will be highlighted.  

Chapter 5 details the experiments designed to evaluate the proposed prototype's 

usability and performance compared with traditional learning methodology. The 

results for each study were analyzed, and the finding will be discussed in detail. 

Finally, Chapter 6 concludes the thesis by discussing the overall achievements and 

implications of the research. This chapter also discusses the limitation and suggestions 

for future work in this domain. 
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