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Abstract 

This thesis mainly focuses on the research of gesture extraction and finger segmentation in 

the gesture recognition. In this paper, we used image analysis technologies to create an 

application by encoding in Matlab program. We used this application to segment and extract 

the finger from one specific gesture (the gesture "one") and ran successfully. We explored the 

success rate of extracting the characteristic of the specific gesture "one" in different natural 

environments. We divided the natural environment into three different conditions which are 

glare and dark condition, similar object condition and different distances condition, then 

collected the results to calculate the successful extraction rate. We also evaluated and 

analyzed the inadequacies and future works of this application. 
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1. Introduction 

With the development of society and the progress of human civilization, Human-Computer 

Interaction is increasingly becoming an important part of human life. In the future, people 

hope that they can communicate with machines naturally, accurately and quickly like between 

humans themselves. In recent years, for the aim of convenience in our life, the studies of 

Human-Computer Interaction have made encouraging progress. Gesture recognition is one of 

the recognized technologies in Human-Computer Interaction. 

Hand gesture is one of human body languages which are popularly used in our daily life. 

It is a communication system that consists of hand movements and facial expressions via 

communication by actions and sights. Gestures have vivid, concise and intuitive features that 

it is very worthy to be researched in Human-Computer Interaction. For example, a same 

gesture may present different meanings in different cultures. The research of gestures can help 

people to distinguish different gesture cultures. It can also improve and enhance the 

conditions of lives and work for those people who have disabilities with speaking and 

listening especially who have lower educational level to communicate with others normally 

like Kin Fun Li et al. mentioned in [21]. Hand gesture recognition can also be used in 

computer sign language teaching [22]. 

The research of hand gesture recognition has a long history. In 1991, Fujitsu Laboratory 

completed the work on recognition of 46 symbol gestures [1]. Starner and other researchers 

researched 40 kinds of American gestures which contained language information and could 

randomly consist of phrases. Their recognition rate was up to 99.2% [2][3]. J. Davis and M. 

Shah wore a special glove which had highlight label in the fingertips and used it as an input 

system to input gestures into computer and the system could recognize seven kinds of 

gestures [4]. K. Grobel and M. Assam extracted gesture features from the video and used 

Hidden Markov Model (HMM) technique to recognize 262 isolated simple phrases and the 

accuracy was 91.3% [5]. Wen Gao and Jiangqin Wu based on Artificial Neural Networks 

(ANN) and Hidden Markov Model (HMM), used Cyber Glove to recognize Chinese gestures 

and have made great achievements. The recognition rate of isolated simple phrases was up to 

90%. The recognition rate of simple statements was 92% [6] etc. 

Those achievements are all based on professional equipment supports, for example, the 

Cyber Glove in [6] or the background environments are relatively perfect. Since feature 

extraction is one of the most important and basic steps in gesture recognition that we are 

wondering if we can create an application to extract the characteristic of a specific gesture in 

natural environments without professional equipment supports. Does the application work 

well in natural environments? How is the extraction rate? 

However, there are many factors that can affect gesture recognition. The most important 

problem is the feature detection of a gesture and the quality of the feature extraction will 

directly affect gesture recognition. Our hands have many characteristics which can affect 

feature detection and extraction: 

1. The hand is an elastic body with individual variability. A same meaning gesture 
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can be shown differently by different people. 

2. The hand has a lot of redundant information. The fundamental of gesture 

recognition is to recognize human’s fingers thus the palm is redundant. 

3. Our hands exist in a three-dimensional space thus it is hard to locate the 

position. Because an image is a two-dimensional, the projection direction is 

very important. 

Take an "OK" gesture for example, the gesture will be different if we see the 

gesture from the different sides. Figure 1 and Figure 2 give an example in this 

case. 

          

Figure 1. OK gesture from positive side.  Figure 2. OK gesture from flank side. 

 

4. The hand surface is not smooth, so it will easily generate shade/shadows. 

 

5. The skin color will also affect gesture recognition. For example, the black skin 

color will be more difficult to detect in a dark environment condition than white 

and yellow skin color.  

 

Natural environment is also another important item that can affect gesture recognition. 

The hand or the gesture is the major object which needs to be recognized when we are 

recognizing a gesture from an image. The other things we can call them background objects 

or background conditions. Natural environment in a gesture image can also be seen as a 

background condition and will affect the feature extraction process. Natural environments 

contain many conditions, for example, glare or dark light condition and multiple objects 

environment condition etc. Those conditions are all background conditions which can 

influence the gesture and they must be reduced to the minimum. 

 

 

1.1 Aim of Research 

In this research, we mainly focus on the research of segmentation and extracting of the fingers 

in gesture recognition. We create an application by using Matlab to extract the feature of a 

specific gesture (which is the gesture "one") in different natural environments. Our aim is to 

extract the feature of the specific gesture "one" in different natural environments. 

 

1.2 Research Questions 
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In daily life, the effect of hand gesture recognition is limited by environment and human 

factors. The environments such as in a glare condition or in a dark condition and over 

exposure or under exposure will directly affect the camera to catch a hand gesture. The 

system needs to have an ability to identify and highlight the main object when there are many 

objects around a gesture. Different colors of human skin will also affect the result of gesture 

recognition. How to avoid and solve those problems is the work we will do in this research. 

In this research we will focus on the following questions: 

 What characteristics does the specific gesture “one” have? 

 

 How do we create an application to extract the feature of the specific gesture "one"? 

 

 How well does the application work in different natural environment conditions? 

 

2. Theoretical Background 

In this part, we present methods we find useful in this work and image processing techniques 

which we will directly apply to our test image. Hand gesture recognition is one of the 

technologies in Human-Computer Interaction. Like the authors who worked in [1]-[6], most 

hand gesture recognition methods are limited to condition with simple background or they 

need wearing of gloves in special colors. How to recognize a hand gesture in a natural 

environment is still a problem that is worthy of studying and improving. We first refer to 

some algorithms in other thesis then we present our algorithm in our application. 

In [18] the authors mentioned since RGB color space can not reflect the result of human 

distinguish the different color (Hue, Saturation, Lightness/Value), we choose HSV color space 

to extract skin color in gesture recognition. In [20], the author indicated that the fingers are 

the main recognition item in gesture recognition. The basic idea to extract the finger from the 

image is to progressively scan the image from the top and then removing the redundant parts. 

We will give a detailed introduction in the following parts to explain our method. In [10], we 

have learned some other algorithms that used in gesture recognition. Although we didn’t fully 

use those algorithms in our thesis, these algorithms expanded our knowledge of this research 

topic. 

In this paper, we will use some images processing techniques as basis to solve the 

problems. We will give a short introduction about the principles of those methods in the 

following chapter. 

 

2.1 Median Filter 

It is inevitable that some noise will occur in our imagery since we will use the shelf digital 

camera. Noise must be removed from the image in order to get a precise result. Median filter 

is the method we used in our research. 

Median filtering is a nonlinear digital filtering technique to remove noise and gives a 

good result in processing speckle noise and salt-pepper noise. The main idea of the median 

filter is to run through the signal entry by entry replacing each entry with the median of 

neighboring entries [12]. The pattern of neighbors is called the "window", which slides, entry 

by entry, the entire signal. For 1D signals, the most obvious window is just the first few 
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preceding and following entries whereas for 2D (or higher-dimensional) signals such as 

images, more complex window patterns are possible (such as "box" or "cross" patterns) [12]. 

Figure 3 shows a most classic example of processing salt-pepper noise by using median filter: 

 

Figure 3. Removal of salt-and-pepper noise by using median filter process [13]. 

 

2.2 Image Binarization Based on HSV Color Space 

HSV color space is one common cylindrical-coordinate representation of points in RGB color 

model. HSV is represented by three variables which are Hue (H), Saturation (S) and Value 

(V). Hue (H): Hue is the basic property of a color (for example red, blue or yellow). 

Saturation (S): Saturation is the purity of a color. The higher the saturation is, the purer the 

color will be. Otherwise, the color will gradually be grayed out. The range of Saturation we 

can take is 0 ~ 100%. Value (V): We can also call it "Brightness". It represents the intensity of 

a color. The range of Value (V) is 0 ~ 100%. 

 

 

Figure 4. Conceptual diagram of HSV color space [14]. 

 

Image Binarization is the processing to translate a digital image into an image with only 

two colors(black and white). Typically the method transform an image by comparing each 

pixel value with a specified threshold value or a specified range.  

 

 

2.3 Erosion and Dilation 

Erosion and Dilation are morphological operations in image analysis and both are widely 

 



 

11 
 

used to eliminate small bridges between objects and remove small structures. This is also 

another method we used in our research to remove small structures. 

Erosion operation is making objects defined by shape in the structuring element smaller 

[15]. Here is an example of how the erosion operation works formally. In figure 5, A is an 

original binary image and B is a 3×3 structuring element(filter); here we use a red rectangle 

to show the size of the structuring element. We center the structuring element over a pixel. If 

all of the pixel values are equal to 1 under the structuring element, then set the central value is 

set to 1 otherwise to 0. This step is repeated for each pixel and C is the final result. 

   

Figure 5. An example of erosion processing. 

 

Erosion with small square structuring elements shrinks an image by stripping away a layer 

of pixels from both the inner and outer boundaries of regions. The holes and gaps between 

different regions become larger, and small details are eliminated. Figure 6 shows an example 

of erosion processing [15]. 

 
Figure 6. An example of erosion pixels processing [15]. 

 

Dilation operation is making objects defined by shape in the structuring element 

larger[15]. Here is an example of how the dilation operation works formally. In figure 7, A is 

an original binary image and B is a 3×3 structuring element(filter); here we use a red 
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rectangle to show the size of the structuring element. We center the structuring element over a 

pixel. If a at least one of the pixel values is equal to 1 under the structuring element, then set 

the central value is set to 1 otherwise to 0. This step is repeated for each pixel and C is the 

final result. 

  

Figure 7. An example of dilation processing. 

 

The dilation of an image by a structuring elements produces a new binary image with 

ones in all locations (x, y) of a structuring element's origin at which that structuring elements 

hits the input image. Dilation adds a layer of pixels to both the inner and outer boundaries of 

regions. Figure 8 shows an example of dilation processing [15]. 

 

Figure 8. An example of dilation processing [15]. 

 

2.4 Connected Component Labeling Algorithm 

Connected component labeling is one of the algorithms used in MatLab program to identify 

the connected components in an image and assign each one an unique label [19]. Figure 9 

shows an example of connected components in a binary image. The connected components 

are marked by the red rectangles in Figure 9. 
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Figure 9. Connected components. 

 

    There are only two possible values for all pixels in a binary image which are 1 and 0. So 

the image can be presented by black and white. 

 
Figure 10. The binary image presented by pixel value. 

 

    The algorithm of labeling compares a pixel with the surrounding pixels. If their values 

are the same then the pixels will be delimited as a connected component and repeat the step 

from the surrounding pixels until there are not any same surrounding pixels.  

 

 Figure 11. The Schematic diagram of labeling algorithm. 

 

2.5 Image Segmentation 
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Image segmentation is the process of dividing a digital image into multiple segments. The 

goal of segmentation is to simplify and make the image easier to be analyzed [16][17]. Image 

segmentation is typically used to find objects and to get the edge of each object in an image. 

The methods of image segmentation depend on what the users need. For example, segmenting 

an image with different colors or different shapes etc.  

 

3. Methods 

In this chapter, we will describe our approach to extract the feature of a specific gesture in a 

natural environment. The specific gesture we choose in this research is only the gesture "one" 

which presents the meaning of one. 

 
Figure 12. The specific gesture. 

 

 In order to extract the feature of this specific gesture, we analysis the characteristics of 

this specific gesture. The basic and most important characteristic of this gesture is that it only 

extends the forefinger and curls up the other fingers together. Thus we decide to extract the 

forefinger and mark it on the original image to recognize this specific gesture. Since the 

different views do not influence this specific gesture, we needn't consider this factor. 

 We create an application based on the characteristic of this specific gesture. A flow chart 

of the main process is shown in Figure 13. 
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Figure 13. Flow chart of the algorithm to recognize gesture in this thesis. 

 

3.1 Operation Principle 

We created an application by using some techniques of image analysis and this part followed 

the Figure 13 to give a detailed description of how the application works. 

All the images we used below are created by Haisheng Yu and Chaofan Hao. We 

identified one specific gesture to test in this research which is the gesture "one". We used a 

SONY NEX-5 digital camera to take photos with different background environments and 

collected them as an image database in order to test and count the test results. The gesture is 

taken in various environments at different conditions such as glare condition, dark condition, 

environment with some similar objects condition, different distances condition. Since the 

gesture should be the main object in our images, we pre-cropped for all images we used in 

these experiments. To make sure the accuracy of the experiment result, we take 100 images 

for each environment condition. The average resolution of these images are 500×600. First, 

we choose an image from the image database. We can see the operation from the Figure 14:  

Choose Image

Median Filter

Use HSV to extract hand 
color

Image Binarization

Erosion and Dilation

Finger Segmentation

Second Erosion and 
Dilation

Finger Extract and Marked 
on the Original image
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Figure 14. Choose an image from the database. 

 

All digital images include some noise. Some noise is not visible, for example, impulse 

noise. Impulse noise is also called Salt-and-pepper noise. Most of images will have some very 

deviating pixels e.g. 0 or 255 [23]. The impulse noise should be removed from the image for 

further processing. Otherwise, there is a risk that these pixels will be wrongly interpreted by 

other processing algorithms. Median filter has a satisfactory solution to deal with those noises 

and thus we used it in our research. There is no obvious change from the result image 

observed by human eyes but most of the noise is accurately cleaned from the image. Figure 

15 shows a comparison between the original image and the image after filtering: 

 

Figure 15. Image after median filter processing. 

 

In order to find some specific color range in the image, it is preferable to work in HSV 

domain. If we want to find a specific color range in RGB color space, we need to balance 
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three color channels, which is hard and almost impossible. HSV is a kind of intuitive color 

model for people. In HSV color space, we can use H channel to find a pure color range and 

use S and V channels to control saturation and lightness. By this way, the objective color can 

be found. In our image, we are looking for hands which have more or less homogeneous color 

values. For variables of Hue, Saturation and Value of HSV color space, we set up a range to 

each of them and use them to extract the white and yellow skin color of each pixel from the 

image. In order to determine the range, we test some gestures with white and yellow skin 

images and get the histograms of H channel like the Figure 16. 

          

     a)      b) 

Figure 16. a)The original image. b)The histogram of H. 

 

The x-axis in the image represents the value of Hue. Since the range of x-axis in the 

histogram image from the published histogram test code we used is [0, 1], we need to 

transform the range back to [0, 255] in order to use in Matlab. According to the histograms, 

we find that the Hue value of the specific color is distributed in left and right side of the 

histograms like Figure 16 shows above and we adjust the Hue value several times by our tests. 

Finally, we determine the range of H is [0, 40] and [204, 255]. Since the human skin contains 

most of saturation values but cannot reach the value of over saturation or unsaturation, so we 

determine the range of S is [5, 250]. Since the intensity of the lightness will affect the skin 

color and the natural environment contains different light conditions, we choose most range of 

V values. However, objects cannot visible in very weak lightness conditions. Finally, we 

determine the range of V is [30, 255]. 

 If the pixel color value is in the range, it will be represented by white. If not, it will be 

represented by black. By repeating this step, we can transform the image into binary image. 

Figure 17 shows the comparison between the original image and the result after image 

binarization.  
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Figure 17. Image Binarization processing. 

 

In the previous step, we determine the range of HSV domain to extract color that is valid 

for some other objects in the image. For example, the part of the red circle in the right image 

of Figure 17. In order to not affect the extraction of gesture, we suggest using erosion and 

dilation operations. These operations can not only clean the bridge between objects but they 

also remove those small structures like Figure 17 shows. After several tests with different 

filter sizes, we decided to use a square filter with the size 25 (5×5 pixels) for both operations. 

Some very large objects might exist in the binary image after these morphological operations. 

Those objects may have similar color like skin in a natural environment and will be visible 

together with the gesture in the binary image after the processing of erosion and dilation. This 

will affect the following steps to identify the gesture in the image, thus we use labeling 

algorithm to mark all independent objects by comparing a pixel with the surrounding 8 pixels 

in the binary image. The labeling algorithm can not only mark all the independent objects but 

also it can calculate independent objects' information like size and so on. After labeling, we 

use the select function(which is a function used in Matlab) to keep the biggest object (hand 

gesture is the biggest object in these gesture images) and remove other objects. After this 

processing, the biggest object is visible and the rest objects are cleared from the image. Figure 

18 shows the result that the binary image after operations of erosion dilation and labeling: 
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Figure 18. The result image after erosion dilation and labeling processing.  

 

In our research, the finger is the main structure of the specific gesture "one" that the 

system has to indentify. In this specific gesture, the extend forefinger represents the 

information that the gesture expresses. The other parts of the hand are redundant and can be 

removed.  

We count the length of the white section in each line from the top of the binary image. If 

the white section is larger than zero pixel, then we could say that it is the top of the fingertip. 

After that, we compare the length of the white section in each line from the top of the binary 

image by setting a threshold which is 1.2(120% of the previous line). We adjust the threshold 

many times and find this value is fitting in this research. If the length of the white section is 

longer than 1.2 times of the previous line, then we can say this is an obviously change. We 

can consider that this line is the boundary between finger and palm of this specific gesture. 

After that, we stop counting and the parts below this line will be removed and the finger will 

be shown on the image. Figure 19 shows the result that the gesture after finger segmentation. 

 

 

Figure 19. Finger segmentation processing. 

 

After segmentation, we successfully extract the characteristic of this specific gesture 

which is the extend forefinger. For this specific gesture "one", the extend forefinger is enough 

to represent the meaning contained in this specific gesture. If we mark the forefinger on the 

original image, then we can say we successfully recognize this specific gesture. Thus we 

decide to use a minimum bounding rectangle to mark the forefinger on the original image 
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which is shown in Figure 20. 

 

 

Figure 20. Finger will be marked on the image. 

 

 

3.2 Experiments and Data Collection 

Our program runs successfully according to the prior steps. To test if it can work and 

recognize the gesture in each natural environment, we have developed a series of experiments 

and put into practice. We mainly decided three different experiments which test the gesture 

with the glare or dark background condition, with similar background condition and with 

different distances from gesture to camera. 

We use the same gesture which is the gesture "one" in each test and there is only one 

change variable for each test. We tests three different people’s hands and for each practice test 

we use at least 100 images to test and record the results. We will give a detailed introduction 

in the following chapter. 

 

3.2.1 Experiment with glare or dark background condition 

In this test, the only change variable is the light condition. The distance between gesture and 

camera, different people’s hands and background environment are not altered. We divided the 

light condition into two conditions which are glare and dark condition. For each light 

condition, we tested 100 images. The following images are three examples of each condition 

in these images. The outcomes will be presented in the result section.  

 

Figure 21. Gesture one in a glare condition with different background environment. 
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Figure 22. Gesture one in a dark condition with different background environment.   

 

3.2.2 Experiment with similar object condition 

We also investigated in whether the program can recognize the specific gesture "one" if the 

shapes of some background objects are similar to the gesture. We put some strip-shaped 

objects in a table to compose the background environment. In order to avoid the influence of 

the reflected light, we choose the black table. The only change variable in this test is the 

different strip-shaped objects. Figure 23 gives three examples of gesture "one" with different 

similar objects and the outcomes will be shown in result section. 

 

 
Figure 23. Gesture one with different similar objects. 

 

3.2.3 Experiment with different distances between gesture and camera 

Our application will find the largest object in the image and regard it as the hand for each time 

to recognize the gesture. The size of the gesture depends on the distance between gesture and 

camera. We are interested in how far our application can recognize the specific gesture. In this 

test, the only change variable is the distance between gesture and camera. We tested three 

distances which are 12cm to the camera, 16cm to the camera and 22cm to the camera. Each 

group contains the three distances and the same background environment. We test 100 images 

and record the results to calculate the recognition rate for each distance. Figure 24 gives a 

group example of the gesture one with three different distances in the same background 

environment and the results will be given in next part. 
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Figure 24. Gesture one in the same background environment with 12cm, 16cm and 22cm distance from 

the camera. 

 

4.  Results 

Our program ran successfully and achieved satisfactory results. We summarized our results in 

Table 1-3. We also show the performances of our algorithms with different conditions in 

Figure 25-42. Since the gesture should be the main object in our images that we pre-cropped 

for all images we used in these experiments. In order to simplify the operator interface, we 

combine these methods together and present by four buttons which are Choose Image, 

Preprocessing, Segmentation Processing and Visualization Step. Each button contains several 

methods which are shown in Figure 13. We also test other gestures which are shown in 

Figure43-44.  

The Preprocessing button contains three steps: Median filter, HSV color space and Image 

Binarization. The Segmentation Processing button contains three steps which are Erosion and 

Dilation, Finger Segmentation and Second Erosion and Dilation. The Visualization Step is 

also the last step in Figure 13 which is Finger Extract and Marked on the Original Image.  

 In our research, we are focus on if it is possible to recognize the specific gesture "one" in 

natural environments. So the gesture should be the main object in our images which is the 

prerequisite for our application. If there is not a gesture in the image, our application will not 

work like the example shows in Figure 25. 

 

 

 

 

 

 



 

23 
 

 a)

 b) 

Figure 25. Image without gesture. a) Preprocessing. b) Segmentation processing. 

 

 Since there is not a gesture in the image, after the preprocessing the gesture cannot be 

found in Figure 25 a). It will cause an error in segmentation processing like the Figure 25 b) 

shows. 

 The second prerequisite is the main object should be a gesture rather than other parts of 

body in the image. Like in Figure 26 we use an arm instead of gesture to test our application. 

 a) 

  b) 

Figure 26. Image with an arm. a) Preprocessing. b) Segmentation processing. 
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 Since there are not different skin color between gesture and arm, our application still can 

extract the arm in the preprocessing. However, there is not obviously change with an arm 

compare to the specific gesture "one". Thus our application compares the length of the white 

section in each line and cannot find the line which white length is longer than 1.2 times of the 

previous line from the whole image in segmentation processing. That will cause an error in 

segmentation processing like the Figure 26 b) shows. 

 If our application can extract the characteristic of the specific gesture "one" which is the 

extend forefinger and present the result by marking the finger in the original image, we 

defined it as successful recognition. 

 

4.1 Experiment with glare or dark condition results 

In Figure 27-29 we show our application running three images with glare condition. And the 

visual inspection shows a satisfactory result in these images. There are totally 100 images 

with that condition and the result of running those images is shown in Table 1. 

 

Figure 27. Image number 1 with glare condition. a) Preprocessing. b) Segmentation Processing.  

c) Visualization step. 

 

 

Figure 28. Image number 2 with glare condition. a) Preprocessing. b) Segmentation Processing. 

 c) Visualization step. 
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Figure 29. Image number 3 with glare condition. a) Preprocessing. b) Segmentation Processing.  

c) Visualization step. 

 

There are also some unsuccessful results. Figure 30 is an example of unsuccessful result 

with glare condition. 

 

Figure 30. Unsuccessful result with glare condition. 

 

 In Figure 30, the background color is similar with the skin color that cause the gesture 

mix with the background and cannot be extracted from the image. It leads our application 

cannot continue the next step and cause the unsuccessful result. 

 In Figure 31-33, we show our application running three images with dark condition. And 

the visual inspection shows a satisfactory result in these images. There are totally 100 images 

with that condition and the result of running those images is shown in Table 1. 

 

Figure 31. Image number 1 with dark condition. a) Preprocessing. b) Segmentation Processing.  

c) Visualization step. 
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Figure 32. Image number 2 with dark condition. a) Preprocessing. b) Segmentation Processing.  

c) Visualization step. 

 

 

Figure 33. Image number 3 with dark condition. a) Preprocessing. b) Segmentation Processing. 

 c) Visualization step. 

 

 There are also some unsuccessful results. Figure 34 is an example of unsuccessful result 

with dark condition. 

 
Figure 34. Unsuccessful result with dark condition. 
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 Like the red oval parts shows in Figure 34 that in a dark condition the electric light color 

will change the skin color and the electric light direction will cause some shades on gesture. It 

leads our application cannot extract the whole gesture for the segmentation processing. As a 

result, we only extract the fingertip in segmentation processing like Figure 35 shows. 

 

Figure 35. Segmentation processing. 

 

 We tested 100 images in each light condition. The success rate in the glare condition is 

up to 78%. The success rate in the dark condition is 52%. Table 1 shows the successful and 

unsuccessful extraction the feature of the specific gesture "one" rate of glare condition and 

dark condition: 

 

 Successful Extraction Unsuccessful Extraction 

Glare condition 78% 22% 

Dark condition 52% 48% 

Table 1. Extraction rates of glare condition and dark condition. 

 

4.2 Experiment with similar object condition 

In Figure 36-38, we show our application running three images with similar objects condition. 

And the visual inspection shows a satisfactory result in these images. There are totally 100 

images with that condition and the result of running those images is shown in Table 2. 

 
Figure 36 .Image number 1 with similar background condition. a) Preprocessing. b) Segmentation 

Processing. c) Visualization step. 
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Figure 37. Image number 2 with similar background condition. a) Preprocessing. b) Segmentation 

Processing. c) Visualization step. 

 

 

Figure 38. Image number 3 with similar background condition. a) Preprocessing. b) Segmentation 

Processing. c) Visualization step. 

 

 There are also some unsuccessful results. Figure 39 is an example of unsuccessful result 

with dark condition. 

 
Figure 39. Unsuccessful result with similar object condition. 
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 In Figure 39, both the size and color of the brush are similar with the gesture that cause 

our application cannot distinguish which is the main object. It leads the unsuccessful result. 

 

 The success rate is up to 83% after testing 100 images. The successful and unsuccessful 

extraction rates of the specific gesture "one" with similar object condition are shown in Table 

2. 

 Successful Extraction Unsuccessful Extraction 

Similar Condition 83% 27% 

Table 2. Result of test with similar object condition. 

 

4.3 Experiment with different distance 

In Figure 40-42, we show our application running three images with different distance from 

gesture to camera. And the visual inspection also shows a satisfactory result in these images. 

There are 100 images with each distance condition and the result of running those images is 

shown in Table 3. 

 

The result of 12cm between gesture and camera:  

 

Figure 40. Result of 12cm. a) Preprocessing. b) Segmentation processing. c) Visualization step. 
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The result of 16cm between gesture and camera: 

 
Figure 41. Result of 16cm. a) Preprocessing. b) Segmentation processing. c) Visualization step. 

 

The result of 22cm between gesture and camera: 

 

Figure 42. Result of 22cm. a) Preprocessing. b) Segmentation processing. c) Visualization step. 

 

We have tested 100 images with each condition and the result is shown in Table 3: 

 Successful Extraction Unsuccessful Extraction 

12cm 85% 15% 

16cm 79% 21% 

22cm 47% 53% 

Table 3. Extraction rates of different distances. 

 

4.4 Experiment for other gestures 

Our application ran more or less successfully for extracting the characteristic of the specific 

gesture "one" in the natural environment. However, we only focus on the specific gesture 

"one" in this research. Since some other simple gestures' characteristic are also the finger, we 

are interested in if it possible for our application to extract these gestures' finger. We only 

want to test the ability of our application to extract the finger of different gestures so we set 



 

31 
 

each of the gesture in the same background conditions which is shown in Figure 43-44. We 

test the gesture "two" and gesture "good" in this experiment. 

 
Figure 43. Result of test the gesture "good". 

 

Figure 44. Result of test the gesture "two". 

The result images show that our application can extract these gestures' characteristic. 

However, since our application only focuses on one specific gesture "one", our application 

cannot distinguish the different means with the different gestures.  

5. Summary 

Hand gesture is one of body languages and widely used in human’s daily life. With the 

development of computer science, hand gesture recognition will be gradually used in 

computer operation system that can enrich Human-Computer Interaction. Gesture recognition 

can replace keyboard and mouse to input in Human-Computer Interaction. It can simplify the 

operations of using computer. However, since we live in a complex environment, the natural 

factors will affect the gesture recognition. How to avoid this problem is still worthy of 

studying. In this thesis, we analysis the natural factors and the characteristics of one specific 

gesture "one", then created an application by using image processing technologies to extract 

the characteristics of specific gesture from natural environments. We test and evaluate it in 

different background conditions to judge if our application has the ability to extract the 

characteristics of specific gesture from the natural environment. By this way to recognize the 

specific gesture "one". 

 First, we used median filter to remove noise from the image for the next step. Then we 

extracted the skin color and binarized the image by using HSV color space. However, some 
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objects with similar color like the hand skin were also been extract from the image. After 

preprocessing, we get the image in black and white with gesture and some similar color 

objects on it. 

   Then after morphological operations and labeling operation, we successfully removed 

almost similar objects in the image. In some special cases, it could be difficult to recognize if 

the gesture was mixed with some objects whose colors were similar to skin color. Then we get 

the image that only with the gesture on it. The next step is to segment the finger from the 

image. If we can extract the finger, the following calculation is good enough to get the 

minimum bounding rectangle of the finger and visualize it on the original image. 

We conducted three experiments in order to test if the application can recognize the 

specific gesture "one" in the natural environment and calculate the extraction rate. For each 

experiment, we set up a single variable. In the first experiment, the variable is the light 

condition. We divide it into glare condition and dark condition. We are only focus on this one 

variable while the other background conditions can be different. The extraction rate in glare 

condition is 78% and in dark condition is 52%. It seems not perfect enough because the result 

is a comprehensive result. We also test many images in special circumstances (for example, 

the background has many objects which the colors are similar to the gesture) that cause the 

rate is not good enough. The recognition rate in dark condition is limited to the light. It could 

not be possible to recognize the gesture in a completely dark environment because our camera 

does not have the night vision function, the illumination will affect the quality of the image. 

Gesture will easily generate shadows during the uneven illumination and that will also affect 

the result. We haven’t dealt with the problem yet. 

In the second experiment, the variable is the similar objects. We found some objects that 

the shapes are similar to gesture one. We compared these objects with the specific gesture 

"one" and tested the application if it can recognize it. The extraction rate is 83%. In this 

experiment, our application will be hard to find the gesture if the object has a similar color 

with the gesture, the volume of the object is large enough and when the distance between the 

gesture and the object is too small. We will adjust the values of HSV color space to improve 

the ability for distinguish the similar colors. 

In the third experiment, the variable is the distance between gesture and camera. Our 

application will find the biggest object and regard it as the hand for each image. If the 

distance is too far from the gesture to camera, gesture extract will not succeed. For each 

background environment, we set up three distances to measure which are 12cm, 16cm and 

22cm. Those three distances are representative in this research. We will not take a full gesture 

if the distance is less than12cm. If the distance is more than 22cm the gesture will too small to 

be captured as the biggest object in the image and some other big objects which have the 

similar color will also affect the application to find the gesture. 
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6. Discussion 

From the results of previous three experiments, our application still needs to be improved in 

the future. In the first experiment which is experiment with glare or dark background 

condition, the successful extraction rate of the specific gesture "one" in glare condition is 78%. 

The failure reason in this condition is the similar color background. There are some 

background colors are similar to the skin color in the natural environment that can mix with 

the gesture cause our application cannot extract the gesture from the natural environment. The 

strong light may also change the skin color into over saturation. The successful extraction rate 

of the specific gesture "one" in dark condition is 52%. The successful extraction rate of dark 

condition is lower than the successful extraction rate of glare condition. The failure reasons 

are not only the similar color background but also the electric light color and the shades 

caused by the direction of the electric light. Some electric lights have colors (Neon light) that 

can change the skin color.  

 In the second experiment which is experiment with similar object condition, the 

successful extraction rate of the specific gesture "one" with similar object condition is 83%. 

From the result images, we find that the shape of the object cannot affect the gesture 

extraction. But the object which color is similar with the skin color and the size is big can 

make our application to confuse the gesture with the objects.  

 In the third experiment which is experiment with different distances condition, the 

success rate shown in table 3 is gradually decreasing by increasing the distance from the 

camera to gesture. The further the gesture from the camera the smaller the gesture looks 

which causes the gesture to be confused with other similarly colored objects and our 

application cannot find the biggest object.  

 From the three experiments, we find that the biggest influencing factor is the color. In 

future work, we suggest using image enhancement technology [24] to enhance the contrast of 

the image before using HSV color space to extract the skin color. We can reduce the influence 

of color by using this technology to increase the differences between the similar colors. The 

second influencing factor is the size of the main gesture. In future work, we suggest using 

image scaling technology [25] to rescaling of image and automatic rescaling of line size. We 

can rescale the image and change the gesture to the biggest object by using this technology. 

Because we set the HSV color value in a fixed range, our application can only recognize 

the yellow and white color skin. Because of the particularity of the black skin, it will be 

difficult to extract the black skin gesture especially in the dark condition. Thus we do not 

consider the black skin in our research. 

The aim of our research is only to extract the characteristic of the specific gesture "one" in 

the natural environment. Our application can also extract the characteristic of other simple 

gestures from the fourth experiment. However, our application cannot distinguish the different 

means of these gestures. In order to solve this problem, we suggest using Fourier descriptors 

and Artificial Neural Network (ANN) technologies to train the application to [9][11] 

understand the meaning of each gesture in future work. Since training the application to 

recognize a gesture needs a large number of images and because it will take a long time, we 

did not have enough time to finish this step. 
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In our research, we create a method to extract the characteristic of a specific gesture in the 

natural environment that needn't to use any professional equipment supports or relatively 

perfect background environment like in [1]-[6]. At last, our application ran more or less 

successfully for extracting the characteristic of the specific gesture "one" 

 Our application has great prospects for development. In the future, it will support more 

gestures recognition especially sign language gestures. Not everyone can understand sign 

language, so it is still a problem for those people who have disabilities with speaking and 

listening to communicate with other people. We hope these disabled people can have a 

smooth communication like normal people in the future. We hope our method may provide a 

clue for a gesture translator to help those people communicate with others in natural 

environment. Fortunately, there are researchers working on it today. Recently, several 

designers from Portugal set up a studio in Australia to create a gesture translator which named 

"Leap Reader"[26]. However, the "Leap Reader" is still at the beginning stage. We hope our 

methods can help those people in the future. 
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Appendix: Source code 

The following code is the source code of recognize a specific hand gesture in a natural 

environment in Matlab. 

 

 

 

functionvarargout = hand(varargin) 

% --- Interface layout structure 

gui_Singleton = 1; 

gui_State = struct('gui_Name',       mfilename, ... 

'gui_Singleton',  gui_Singleton, ... 

'gui_OpeningFcn', @hand_OpeningFcn, ... 

'gui_OutputFcn',  @hand_OutputFcn, ... 

'gui_LayoutFcn',  [] , ... 

'gui_Callback',   []); 

ifnargin&&ischar(varargin{1}) 

gui_State.gui_Callback = str2func(varargin{1}); 

end 

ifnargout 

    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 

else 

gui_mainfcn(gui_State, varargin{:}); 

end 

functionhand_OpeningFcn(hObject, eventdata, handles, varargin) 

handles.output = hObject; 

guidata(hObject, handles); 

functionvarargout = hand_OutputFcn(hObject, eventdata, handles)  

varargout{1} = handles.output; 

%Load picture 

% --- Executes on button press in pushbutton1. 

function pushbutton1_Callback(hObject, eventdata, handles) 

% global fullfilename 

axes(handles.axes1); 

%Open the picture Dialog 

[FileName,PathName] = uigetfile('*.jpg','Select the Picturefile'); 
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fullfilename=[PathName, FileName] 

%Show pictures 

imshow(fullfilename); 

%Save the image to hanles 

handles.pic=imread(fullfilename); 

guidata(hObject,handles) ;  

 

% --- Executes on button press in pushbutton3. 

function pushbutton3_Callback(hObject, eventdata, handles) 

%Clear coordinate 

axes(handles.axes2);clareset; 

%Median filter 

%Calls median filtering function for image filtering 

filt_img=MidFilt(handles.pic); 

%Save the image to hanles 

handles.filt_img=filt_img; 

%HSV space extraction gesture 

%HSV call function to extract gestures,translate into a binary image 

BW_img=HSVBW(handles.filt_img); 

%Show pictures 

imshow(BW_img); 

%Save the image to hanles 

handles.BW_img=BW_img; 

guidata(hObject,handles) ;  

 

%Erosion and dilation remove noise  

% --- Executes on button press in pushbutton4. 

function pushbutton4_Callback(hObject, eventdata, handles) 

%Clear coordinate 

axes(handles.axes2);clareset; 

%For Erosion and dilation operations such as opening and closing operations of the structure 

element object 

SE1=strel('square',25); 

%Erosion operation 

a_erode=imerode(handles.BW_img,SE1,'same'); %erode 

SE2 = strel('square',25); 

%dilation operation 

erode_dilate_img4=imdilate(a_erode,SE2,'same'); %dilate 

%Select Optionation 

erode_dilate_img = bwselect(erode_dilate_img4,100,200,4); 

%Save the image to hanles 

handles.erode_dilate_img=erode_dilate_img4; 

%Extracting finger 

img=handles.erode_dilate_img; 
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[m,n]=size(img); 

%Get the length of the binary image of the white part of each row 

fori=1:m 

mlength(i)=length(find(img(i,:)>0)); 

end 

%White is the length of the portion of the hand is larger than 0 part 

whitepart=mlength(find(mlength>0)); 

limit=1.2*mean(whitepart); 

fori=1:length(whitepart)-20 

%If the length of the white mutation, compared with the boundary portion between the fingers 

of the hand 

if (whitepart(i)>limit) &(whitepart(i+10)>limit)&(whitepart(i+20)>limit) 

mbottomi=i; 

break; 

end 

end 

%All of the following boundaries fingers turn white 

fori=mbottomi:m 

img(i,:)=zeros(1,n); 

end 

 

a_erode1=imerode(img,SE1,'same'); %erode 

SE2 = strel('square',25); 

%Erosion operation 

erode_dilate_img1=imdilate(a_erode1,SE2,'same'); %dilate 

%Show pictures 

imshow(erode_dilate_img1);  

%Save the image to hanles 

handles.figer_img=erode_dilate_img1; 

guidata(hObject,handles) ; 

 

%Finger contour extraction 

% --- Executes on button press in pushbutton7. 

function pushbutton7_Callback(hObject, eventdata, handles) 

%Clear coordinate 

axes(handles.axes2);clareset; 

I = handles.figer_img; 

%Binary image 

Ibw = im2bw(I,0); 

[r, c]=find(Ibw==1); 

%Get the minimum bounding rectangle 

[rectx, recty, area, perimeter] = minboundrect(c, r, 'a'); 

% 'a' is the smallest rectangle counted by area, if long press edges with a 'p' 

%Show pictures 
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imshow(handles.pic); hold on 

%In the frame of the original finger 

line(rectx, recty, 'color', 'r','linewidth',2); 

 

 

% --- Executes on button press in pushbutton5. 

function pushbutton5_Callback(hObject, eventdata, handles) 

% hObject    handle to pushbutton5 (see GCBO) 

% eventdata  reserved - to be defined in a future version of MATLAB 

% handles    structure with handles and user data (see GUIDATA) 

 

 

function [ output ] = HSVBW( input ) 

 

hsv_img=rgb2hsv(input);%RGB image space conversion to HSV space 

hand_hsv_1=hsv_img;%H direction can be caused by HSV space histogram that threshold 

distribution in hand sides, so that the hand unit extracts two parts 

hand_hsv_2=hsv_img;%The above is the first part, which is the second part, after extracting 

the merger of two parts 

[m,n]=size(hsv_img(:,:,1));%Value extracting rows and columns of the image 

h1=0/255;%H direction threshold       

h2=40/255;%H direction threshold  

h3=204/255;%H direction threshold  

h4=255/255;%H direction threshold  

s1=5/255;%S direction threshold  

s2=250/255;%S direction threshold  

v1=30/255;%V direction threshold  

v2=255/255;%V direction threshold  

% The following section is extracted by hand rough image threshold 

fori=1:m 

for j=1:n 

if 

(hand_hsv_1(i,j,1)<=h2)&&(hand_hsv_1(i,j,1)>=h1)&&(hand_hsv_1(i,j,2)>=s1)&&(hand_h

sv_1(i,j,2)<=s2)&&(hand_hsv_1(i,j,3)>=v1)&&(hand_hsv_1(i,j,3)<=v2) 

hand_hsv_1(i,j,:)=0; 

else hand_hsv_1(i,j,:)=1; 

end 

if 

(hand_hsv_2(i,j,1)<=h4)&&(hand_hsv_2(i,j,1)>=h3)&&(hand_hsv_2(i,j,2)>=s1)&&(hand_h

sv_2(i,j,2)<=s2)&&(hand_hsv_2(i,j,3)>=v1)&&(hand_hsv_2(i,j,3)<=v2) 

           hand_hsv_2(i,j,:)=0; 

else hand_hsv_2(i,j,:)=1; 

end 

end 
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end 

%Hand finished extracting crude image 

hand_hsv=hand_hsv_1-~(hand_hsv_2);%Rough hand image synthesis, is a binary image 

Y=~hand_hsv(:,:,1);%Take the first direction of the image, invert, easy mark 

L1=bwlabel(Y);%Binary image tag 

output=L1; 

end 

 

 

function [ output ] = MidFilt( input ) 

 

%Pretreatment: median filter 

for d=1:3    %RGB images in three directions of the image is filtered, the filtered image 

becomes a synthesis of the three final image 

    K=medfilt2(input(:,:,d));%By comparing results, and ultimately determine the median 

filter 

input(:,:,d)=K;%The image synthesis filtering for the final image in three directions  

output=input; 

end 

 

 

 

 


