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ABSTRACT 

For human beings, hands play a very important role in performing normal daily tasks. 

Therefore, when a person loses his/her hand’s functionality, completely or partially, 

because of suffering from stroke for example, treatment to regain their motor skills is 

crucial. One of the widely practiced is by asking the patient to squeeze a flexible therapy 

ball in his/her hands repetitively. This post-stroke hand rehabilitation helps patients to 

improve dexterity, strength and fine motor skills that have deteriorated after a stroke. In 

order to improve the effectiveness of the therapy, the ability to measure objectively the 

progress that has been made without having to make any contact is deemed to be 

beneficial. The first step for achieving this is the ability to recognize the fingertips, 

which has been the aim of this work. This research developed algorithms that allow to 

recognize fingertips using commercial webcams and machine learning approach when 

a hand is holding a therapy ball. Two proposed methods were considered using the idea 

of extracting features from the image and use a trained classifier to identify the object 

of interest. The first algorithm is using Histogram of Oriented Gradient (HOG) as 

feature extractor and Support Vector Machine (SVM) as classifiers while the second 

algorithm is using Bag-of-Features (BoF) as a feature extractor and  SVM as a classifier. 

Feature extractors like HOG and BoF extracts distinctive features from the input image 

and uses the information to train the SVM classifier. The trained SVM produces a 

classifier that distinguishes whether the feature belongs to a fingertip or not. Our results 

show that the success rates for the second method has an accuracy of 96% which is 

higher than the first algorithm that has an accuracy of 77%. This demonstrates that both 

BoF and SVM are promising techniques for the recognition of fingertip in therapy-ball-

holding hands. 
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 خلاصة البحث 
ABSTRACT IN ARABIC 

بالنسبة للبشر ، تلعب اليدين دوراً مهمًا جدًا في أداء المهام اليومية العادية. لذلك ، عندما يفقد الشخص 
المثال ، يكون العلاج وظائف يديه ، كليًا أو جزئيً  الدماغية على سبيل  المعاناة من السكتة  ا ، بسبب 

شائعة هو مطالبة المريض بالضغط على كرة اللاستعادة مهاراته الحركية أمراً بالغ الأهمية. أحد الممارسات  
ين علاج مرنة في يديه بشكل متكرر. يساعد هذا التأهيل اليدوي بعد السكتة الدماغية المرضى على تحس

البراعة والقوة والمهارات الحركية الدقيقة التي تدهورت بعد السكتة الدماغية. من أجل تحسين كفاءة العلاج 
الموضوعي للتقدم الذي تم إحرازه دون الحاجة إلى إجراء أي اتصال مفيدًا. س  ، تعتبر القدرة على القيا

التعرف على أطراف الأ القدرة على  التي هي الهدف من هذا الخطوة الأولى لتحقيق ذلك هي  صابع ، 
الويب  البحث خوارزميات تسمح بالتعرف على أطراف الأصابع باستخدام كاميرات  العمل. طور هذا 

لتعلم الآلي عندما تمسك اليد كرة علاجية. تم النظر في طريقتين مقترحتين باستخدام فكرة ا  التجارية ونهج 
المدرب لتحديد الهدف محل الاهتمام. الخوارزميه الأولى استخراج المميزات من الصورة واستخدام التصنيف  

خدم طريقه للتصنيف بينما الخوارزميه الثانيه تست  SVMلإستخراج المميزات و    HOGتستخدم طريقه  
BOF    لإستخراج المميزات وSVM    للتصنيف. تقوم مستخرجات الميزات متلHOG    وBOF 

. المتدرب SVMتستخدم المعلومات لتدريب المصنف  بإستخراج الميزات المختلفة من الصور المدخله و 
SVM   أن نتأجنا  تظهر  أم لا.  الأصبع  طرف  إلى  تنتمى  الميزة  إذا كانت  التمييز  يمكنه  ينتج مصنف 

٪. ٧٧٪ وهى أعلى من الطريقه الأولى التى تبلغ دقتها  ٩٦معدلات النجاج للطريقه التانيه لها دقه تبلع  
ال  SVMو    BOFهذا يدل على أن   العلا  تقنياتمن  للتعرف على أطراف الأصابع فى  ج الواعدة 

 باستخدام إمساك الكرة بالأيدى.
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

One of the most important aspect for independence in any individual’s life is a normal 

working hands and fingers. Humans are indeed depended on a fully functioning hands 

and fingers which is an essential tool of the body to perform most of daily tasks until 

they are hindered in some way. Individuals who have experienced trauma of the hand or 

fingers require to rehabilitate the hand through physical therapy. One of the common 

conditions that can result the loss of hand functionality is stroke. Stroke is emerging as 

a major health problem and currently the third largest cause of death in Malaysia 

according to National Stroke Association of Malaysia (NASAM). The rate of incidence 

and prevalence of acute stroke in Malaysia increased dramatically for the past five years 

(Loo, K., 2012). The University of Malaya Medical Centre’s senior consultant 

neurologist and stroke specialist says that globally, about 8-15 percent of stroke cases 

occur at the age below 45 and the frequency of stroke in young adults was observed to 

be rising in the region (Mustapha, 2015).  The outcome of the present study on acute 

stroke in Malaysia will be notably contribute to the global stroke epidemiological data. 

Likewise, stroke remains as global leading cause of mortality especially in Malaysia 

(Loo, K., 2012).  
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Many stroke survivors have impaired hand function which limits the ability to 

perform tasks in normal daily life. Therefore, hand rehabilitation is crucial for the 

individual to regain back their motor skills of the affected hand. In many cases, there is 

an enormous potential for the brain to recover. Many physical therapies involve high 

repetitive and task-specific training in a motivating environment with active 

contribution of the individual is important for optimal motor relearning. One of the 

widely practiced is by asking the individual to squeeze a flexible exercise ball in his/her 

hands repetitively (Jaber; R.; Hewson; F., D.; J., 2012). The balls have various levels of 

resistance to accommodate the various levels of limitation of the patients’ hands. 

However, it is currently not easy to monitor the effectiveness of the rehabilitation 

exercise without making any contact to their hand and causing extra loading to the 

arm/hand.  

Based on many other research work done by other researchers, there are various 

ways to monitor the effectiveness of the rehabilitation exercise. However, most 

techniques are intrusive, i.e. the sensors and the system make contacts to the patient both 

directly or indirectly through other components (Mohan, Devasahayam, Tharion, & 

George, 2013). This will cause additional physical load to the associated arm or hand of 

the patient. In addition to that, prior preparation of the system is needed which adds extra 

time before the rehabilitation session. This can affect the psychological state of the 

patient negatively which may discourage the patient for performing the therapy. 

Therefore, this research work aims to develop a fingertip recognition algorithm to 

recognize fingertip in a single frame that contains a hand holding a therapy ball. 
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1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE 

The existing approach for determining the position of fingertip are mostly intrusive 

whereby the system is required to have contact to the patient directly and indirectly. 

Unfortunately, this approach will require preparation time prior to the usage of the 

system and will cause unnecessary additional load to the affected hand which will lead 

to reliability issues and can affect the patient’s emotional state negatively. Furthermore, 

the quantitative progress evaluation of fingertip during the rehabilitation is currently not 

available. Therefore, such a therapy can be benefited from contactless position 

measurement of the fingertips requires an effective recognition system. The partially 

occluded hand and the closed (non-extended) postures of the fingers make the problem 

particularly challenging, especially when a machine-learning-based method is adopted. 

Additionally, the complexity of the system can be influenced by different lighting 

conditions, the similarity in the color of the balls and the hands and the position of 

fingertips when they are close together.  

 

 

 

1.3 RESEARCH OBJECTIVES 

This work is aimed at recognizing fingertips from the hand that is holding a therapy ball 

and the objectives can be listed as follows: 

1. To design and develop a test rig that allows single camera to be used for 

capturing pictures of a hand holding the therapy ball 

2. To develop a machine learning-based algorithm for fingertip recognition for 

therapy-ball-holding hands  

3. To evaluate the effectiveness of the recognition algorithm 
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1.4 RESEARCH METHODOLOGY 

A comprehensive procedure of the research is divided into several stages, which 

includes literature survey on the several related works on the research, determination of 

machine vision hardware, development of test rig, image data collection and analysis, 

development of proposed algorithm, evaluation on the performance of the algorithm 

and discussion of the outcome obtained, and a conclusion is drawn in the end of the 

thesis. 

i. Literature survey of technical and scientific papers 

The literature research was done to obtain the technical and scientific 

information related to the research. Resources are utilized from IIUM Library 

and online libraries such as IEEE Explore, ProQuest Dissertations and Theses 

Global, ScienceDirect, and Scopus. Furthermore, discussion and brainstorming 

amongst the researchers with the same field of interest were done as well. 

ii. Determination of machine vision hardware 

Potential machine vision hardware included commercial webcams, Microsoft 

Kinect, Leap Motion controllers, and Time-of-flight cameras. The hardware 

selected for the project was a commercial webcam with an autofocus feature and 

a high resolution to capture photos. 

iii. Design and development of test rig  

The test rig was used to collect data that allow different distances between the 

object, orientation of the hands, and the cameras and different lighting of 

illumination conditions.  

iv. Image data collection and analysis 
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The database collection was done by capturing images of hands holding therapy 

balls. The collection covers different skin colors and hand orientation of the 

hand. Further analysis of the images collected was done using MATLAB 2016a 

software. 

v. Development of fingertip recognition algorithm 

Hand feature mainly the fingertip was identified and extracted for further 

processing. The algorithm was developed that implemented machine learning 

techniques. MATLAB and image processing toolbox were the main tool for 

algorithm development. 

vi. Evaluation of the performance of the developed algorithm 

The performance of developed algorithm was evaluated further by using the 

image collection gathered during the previous stage. 

vii. Thesis writing  

viii. Thesis submission 

 

Figure 1.1 shows the flowchart of the research methodology including the research 

objectives. 
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Figure 1.1 The flowchart of research methodology (x = presence of illumination) 
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1.5 RESEARCH SCOPE 

In many applications of fingertip recognition used extended fingers with no interaction 

with any object within the hand region. There were no extra factors, like illumination 

and occluded hand, that can contribute the difficulty in recognizing fingertips. Most 

research work deals with extended fingers and no interaction with an object in the hand 

region. However, this research did not intend to cover those all those issues at once. The 

adopted machine learning algorithm for this research was based on the successful 

recognition rate in different applications. The dataset that was used throughout the 

research work deals with Asian skin tone primarily. 

 

 

 

1.6 THESIS OUTLINE 

This thesis compiles the research work on the machine learning-based fingertip 

recognition algorithm that can potentially be used in assisting hand rehabilitation.  

Chapter 1 covers the introduction provides the background of fingertip recognition 

system, hand rehabilitation application, research related terms, problem statement of the 

research, objectives of the research, research methodology and describe the limitation 

of the research. 

Chapter 2 reviews on detailed literature survey on the methods used in machine 

learning algorithm, pre-processing techniques, feature extraction and classification.  

Chapter 3 describes the stages adopted in the proposed research methodology in 

this research. This chapter also explains briefly on the selected techniques in the 

algorithm. 
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Chapter 4 presents the outcome of the findings from the proposed method. The 

results are analyzed to evaluate the performance of the proposed algorithm. Some of the 

metrics used for performance evaluation are explained further in this chapter. 

Lastly, Chapter 5 concludes the summary of the research contributions and 

recommendations on this research for future work. 
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  CHAPTER TWO 

LITERATURE REVIEW 

2.1 INTRODUCTION 

Stroke is widely known as leading cause of mortality globally, and this includes 

Malaysia (Loo, K., 2012). Many stroke survivors have impaired hand functionality 

which limits its ability to perform tasks in normal daily life. Therefore, hand 

rehabilitation is crucial for stroke patients to regain motoric skills of their affected hand. 

Many physical therapy interventions involving highly repetitive and task-specific 

training in a motivating environment with active contribution of the patient are 

important for optimal motor relearning. One of the widely practiced therapy is by 

asking the patient to squeeze a flexible exercise ball in his/her hands repetitively (Jaber; 

R.; Hewson; F., D.; J., 2012). The balls have various levels of resistance to 

accommodate the different levels of limitation of the patients’ hands. However, one of 

the challenges is to measure quantitatively the progress that has been made. Therefore, 

position measurement of fingertips will be beneficial for implementing this 

measurement. 

There are different ways proposed by researchers for measurement of finger’s 

flexion and extension that can be used for rehabilitation therapy. However, most 

techniques are intrusive, i.e. the sensors and the system have to make contacts to the 

patient through other components (Mohan et al., 2013). This will cause additional 

physical load to the associated hand of the patient and will also be more likely to have 
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reliability issues. They will also require more time for preparation prior to the usage of 

the system and their obvious presence may also negatively affect the patient 

psychologically. Therefore, such approaches may discourage the patient for performing 

the therapy that they need. 

Another approach that has machine-vision-based systems may offer a non-

intrusive measurement of fingertip position. Some present rehabilitation is assisted by 

machine vision-based system involves the interaction between human and virtual 

world. Detection of fingertip are essential in the contactless position measurement. 

However, to have a good detection system, there are many challenges that need to be 

dealt with. 

 

 

 

2.2 VISUAL-BASED FINGERTIP DETECTION APPROACHES 

Various visual-based fingertip detection techniques have been studied and proposed by 

many researchers for different applications. Visual-based system incorporates camera 

hardware and computer vision algorithms to track the fingertips efficiently. This 

approach works at its best in controlled environment that has limited variables such as 

lighting level, skin tone color, and restricted background clutter. These are some of the 

external factors that affects the input source to the algorithm. A good hardware is 

important that would produce a relatively good image quality since the image captured 

will be inserted into the algorithm for further processing. Other types of surrounding 

factor that would influence the detection algorithm are sharpness, illumination, noise, 

sensitivity and ISO exposure, uniformity, distortion, and texture detail. Based on the 

literature survey, the stages for fingertip detection is generalized into 3 main stages 


