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Abstract: This paper proposes a method to recognise 

hand gestures under different backgrounds by 

identifying and counting the number of fingers shown 

by a user using MATLAB programming tool. The 

method uses the HSV colour space algorithm to 

perform skin segmentation and obtain a perfect binary 

image of the hand gesture by experimenting under 

different frameworks. Morphological operations are 

incorporated which perform image segmentation to 

remove the parts of a gesture other than the fingers after 

which the finger count is calculated. 

 

Keywords: Hue, Mask, Morphology, Saturation, 
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1.  Introduction 

Hand gesture recognition is an efficient and intelligent 

mode of communication, which facilitates human-

computer interaction. Gestures can be classified as any 

form of body movement or state which originates 

mostly from the face or hand. Users can use gestures to 

control or interact with devices without physically 

touching them. Gestures in general can be classified as 

dynamic and static gestures. A gesture which is in 

motion can be considered to be an example of dynamic 

gestures whereas a gesture which is unwavering and 

completely stable can be classified as a static gesture. 

The concept of gesture recognition enables us to point a 

finger at the computer screen to perform various 

operations like controlling devices which are connected 

to the computer via a microcontroller. 

2.  Literature Review 

This section offers an overview of some of the 

techniques which are engulfed to implement hand 

gesture recognition. Gesture recognition can be 

accomplished by the method of edge detection [1]. 

Edge Detection is used to obtain sharp, black shadows, 

which represents the edges. Threshold Control is used 

to control the sharpness of the edge. Contours are found 

on the shadow areas of hand. Hand tip detection is used 

to detect the points with thick edges.  

HSI (Hue Saturation Intensity) [2], [9] is another viable 

method which can make the process of gesture 

recognition easier. RGB is basically the primary colour 

component. It is simple but is non uniform perpetually. 

Hue, saturation and brightness are used to describe a 

colour. Pure colour is described by the attribute hue. 

Measure of extent to which the white light is used to 

dilute the pure colour is Saturation. Brightness gives 

the colour sensation which is an important factor that 

cannot be measured practically. 

Image Segmentation [4], [8] can be elucidated as the 

partitioning of an image into several parts and 

removing those entities which are specified. It is 

helpful in detecting boundaries and objects in an image 

and is also used for database lookup. Segmentation 

stops when the desired object is isolated. 

Another technique which can be used for performing 

hand gesture recognition is vision based technology [3]. 

The technology is implemented in four steps: 

Positioning of cameras and the amount of cameras 

used, clear visibility of hands to the camera for an 

easier data extraction, feature extraction [5] from raw 

data image and application of recognition algorithms to 

the extracted features. 

Additionally, extraction of fingertips [18] of a gesture 

is a feasible method which takes into account the 

extracted features of the finger tips in gesture and 

compares it with a set of training images and checks if 

the extracted features match with the features of one of 

the training images. 

For the process of gesture recognition, the background 

plays a vital role. The process sometimes fails because 

of the additional elements in the backdrop. To solve 

this issue, the image of the background is first taken 

followed by the image of the gesture. The background 

image is subtracted from the gesture image to obtain an 

image in which the background components are 

eliminated and only the gesture is obtained. This 

process is called background subtraction [12]. This 

works only when proper skin segmentation algorithms 

are executed. Otherwise the process of image 

subtraction works efficiently only in white 

backgrounds. 

In the case of static gestures, the posture[11] of a 

gesture often plays a critical role in recognising 

gestures. For example sometimes the fingers may be 

held very close to each other and sometimes they 

maybe apart. It is crucial that the algorithm is able to 

detect these differences in the posture. Haar like 
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features[17] of a gesture are extracted to detect the 

differences in the posture of a hand gesture. 

 

3.  Proposed Method and Algorithm 

 

The first step in the process of gesture recognition is to 

capture the image of the gesture. The captured image is 

an RGB image. The next step is to identify the pixels 

which are of the gesture and eliminate the pixels in the 

background. For this we use the HSV algorithm to 

detect which pixels are skin and set the corresponding 

pixel values to binary one and set the non-skin pixels to 

binary zero. The RGB image is converted to HSV 

colour space with hue and saturation values varying for 

different backgrounds and illuminations.  

The equations with which the hue and saturation values 

obtained from the corresponding RGB values are: 

 � = {1 − 3/�	 + � + � min�	, �, �(1) 

 

� = ����� � �
����������� 

��������������� ��
!(2) 

 

After this a mask is generated in which the pixels that 

are considered “skin” are marked. After the generation 

of a mask, the pixels with values greater than zero are 

displayed, thus segmenting the skin pixels from the 

background. It is important to remove the noisy regions 

in the image before the image is subjected to 

morphological operations [10], [13]. A Gaussian filter 

is used for the image to be smoothened. This creates 

sufficient gaps between the fingers. 

The morphological operations which are used to 

segment the palm from the fingers are erosion and 

dilation. The process of erosion is used to remove the 

pixels located on the object’s boundaries as a result of 

which the fingers in the binary image are eliminated 

along with some parts of the palm and wrist, if 

involved. Dilation is used to add pixels on the boundary 

of objects in a binary image. This generates a proper 

palm mask which then segments out of the filtered 

image by image subtraction. Once the palm is 

segmented, the only remaining objects in the image are 

the fingers and with that the total number of fingers is 

calculated. The total number of fingers of the shown 

gesture is stored and is compared with a set of images 

in a database and if it finds an image which has the 

same finger count as the one shown by the user, then, 

the resultant gesture from the database is displayed. 

The gesture recognition process is accomplished. 

 

4.  Experiments and Results 

 

For the gesture recognition process to be coherent, it is 

important that it should be tested under a wide variety 

of backgrounds to observe hue and saturation values 

that are best suited to perform skin detection and to 

obtain a proper binary image. In this research we have 

taken snapshots of gestures under 3 different 

backgrounds: white, red and a mixture of different 

colors. The images were taken in a room with the light 

source being a tube-light. 

 

4.1.  Results under white background 
 

 
 

                 (a)                 (b) 

 

 
 

                         (c)               (d) 

 

Figure 1. (a) Gesture under white background, (b) 

HSV image of gesture, (c) Marked skin Pixels after 

HSV segmentation, (d) Application of mask and 

conversion to Binary image 

 

The above analysis shows the results of the gesture 

obtained under a white background as in Figure 2(a). 

The RGB image is converted to HSV form and the 

result is as shown in Figure 2(b). The HSV image is 

then subjected to HSV segmentation (Figure 2(c)) and 

masking (Figure 2(d)). The main purpose of HSV 

segmentation is to mark the pixels which are within a 

particular hue and saturation range. Only under a 

particular range of hue and saturation values can a 

proper binary image be obtained. Table1 shows the 

binary image formed under several hue and saturations 

values and the inference which can be drawn from the 

output binary image. 

 

Table 1.  Formation of a binary image by 

experimenting with different hue and  

Saturation values under a white    background 
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Hue Saturation Output 

Binary Image 

Analysis 

0-0.03 0.02-0.7  

 

No object detected 

0-0.07 0.035-0.7  

 
 

 

Some part of the gesture is 

recognised after increase in 

value of hue and saturation 

0-0.12 0.055-0.7  

 

Binary image obtained is 

much better but fingers are 

not properly detected and the 

presence of noise is high 

0-0.15 0.059-0.7  Skin portion of fingers and 

palm are obtained properly. 

Noise is present, but can be 

removed when erosion is 

applied which removes the 

small objects. 
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Table 2. Formation of a binary image by experimenting 

with different hue and saturation values under a red   

background 

 

 

 

 

4.2.  Results under Red Background 

 

(a)                     (b) 

(c)                    (d) 

Hue Satur

ation 

Output Binary 

Image 

Analysis

0-

0.1 

0.05-

0.7 

 

 

No object 

detected

0-

0.25 

0.1-

0.7 

 

 

Only a small part 

of the gesture is 

detected as skin

0-

0.4 

0.14-

0.7 

 

 

Binary image is 

obtained with a 

little bit of noise.

0-

0.5 

0.23-

0.7 

 

 

The image is a 

much better 

version of the 

previous image 

and the noise is 

comparatively 

less. 

Formation of a binary image by experimenting 

with different hue and saturation values under a red   

 

 

Table 3. Formation of a binary image by experimenting 

with different hue and saturation

background which is a mixture of different colors

 

 Hue Satu

ratio

n 

Output 

Binary 

Image 

0-0.6 0.02-

0.7 

 

0-0.12 0.05-

0.7 

 

0-0.18 0.08-

0.7 

 

0-0.25 0.1-

0.7 

 

 
Figure 2. (a) Gesture under red background, (b) HSV 

image of gesture, (c) Marked skin Pixels after skin 

segmentation, (d) Application of mask and conversion 

to binary image.

 

The above images show the formation of a binary 

image of a gesture with the background being red in 

colour. From Figure 3(d), we can observe that the 

binary image formed is smooth with 

hence the proposed method can be used when the 

background is red. 

The same analysis which was done under the white 

background was also done under the red background 

and the obtained hue range was 0

saturation range was found to be 0.023

Now that we have tested the process under a white and 

colored background, it is required that the system 

should work in a background which is a mixture of 

different colors. Table 2 shows the binary image 

formed under various hue and saturations values and 

the conclusions which can be drawn from the output 

binary image. 

 

4.3.  Results under a Background of different

Analysis 

No object 

detected 

Only a small part 

of the gesture is 

detected as skin 

Binary image is 

obtained with a 

little bit of noise. 

The image is a 

much better 

version of the 

previous image 

and the noise is 

comparatively 

 

Formation of a binary image by experimenting 

with different hue and saturation values under a 

background which is a mixture of different colors 

Analysis 

 

Gesture not 

detected 

 

Many 

objects are 

detected as 

skin 

 

Some of the 

objects  are 

eliminated 

 

Clear Binary 

image 

formed with 

less noise 

(a) Gesture under red background, (b) HSV 

image of gesture, (c) Marked skin Pixels after skin 

segmentation, (d) Application of mask and conversion 

to binary image. 

The above images show the formation of a binary 

image of a gesture with the background being red in 

colour. From Figure 3(d), we can observe that the 

binary image formed is smooth with less noise and 

hence the proposed method can be used when the 

The same analysis which was done under the white 

background was also done under the red background 

and the obtained hue range was 0-0.5 and the resultant 

found to be 0.023-0.7  

Now that we have tested the process under a white and 

colored background, it is required that the system 

should work in a background which is a mixture of 

different colors. Table 2 shows the binary image 

saturations values and 

the conclusions which can be drawn from the output 

ackground of different 
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Colors 

 

 

(a)                          (b) 

 

 

(c)                          (d) 

 

Figure 3. (a) Gesture under background with different 

colors, (b) HSV image of gesture, (c) Marked ski

Pixels after HSV segmentation, (d) Application of 

mask and conversion to Binary image 

 

The result from the above assessment shows that, even 

when the background consists of a variety of different 

colours, it is still possible to obtain a binary image with 

less or negligible noise. Hence this proves that the HSV 

colour space algorithm to detect skin pixels is a well

regulated method. Table 3 shows the binary image 

formed under different hue and saturations values and 

the analysis presented for the different range of values.

Table4 shows the appropriate hue and saturation values 

in which a binary image was formed when tested under 

the three backgrounds. 

 

Table 4. Hue and Saturation values under the three 

tested backgrounds 

 

Background Hue Saturation

White 0-0.15 0.059

Red 0-0.5 0.023

Mixture of 

colours 

0-0.25 0.1-0.7

 

4.4.  Morphological Operations and Gesture 

Matching 
 

The next step in the process of gesture recognition 

leads to the application of morphological operations. 

The goal in this step is to segment out features of the 

 

 

background with different 

Marked skin 

Application of 

The result from the above assessment shows that, even 

ety of different 

inary image with 

. Hence this proves that the HSV 

colour space algorithm to detect skin pixels is a well-

Table 3 shows the binary image 

rent hue and saturations values and 

analysis presented for the different range of values. 

shows the appropriate hue and saturation values 

in which a binary image was formed when tested under 

lues under the three 

Saturation 

0.059-0.7 

0.023-0.7 

0.7 

esture 

The next step in the process of gesture recognition 

leads to the application of morphological operations. 

The goal in this step is to segment out features of the 

hand other than the fingers and then count the number 

of fingers shown in the gesture. Once th

is obtained, it has to be processed further to remove 

noise (Figure 5(a)) if any present in the image and to 

create a gap large enough between the fingers that 

identifies the individual fingers. For this purpose a 

Gaussian filter is used 

(Figure 5(b)). The Gaussian filter equation to smoothen 

2d images is given by: 

               g�x, y = �
&'(� )e�+,�-.�/

�0� 1
where x refers to the distance from the origin in the 

horizontal axis and y indicates the distance from the 

origin in the vertical axis, and σ 

deviation value of the Gaussian distribution

 

 

(a)                         

 

Figure 4. (a) Original Binary Image, 

application of Gaussian filter

 

Once the image is smoothened and gaps are formed 

between the fingers, morphological operations 

applied to segment out the palm and just obtain the 

fingers. The techniques of erosion and dilation help in 

segmenting out the palm from the rest of the gesture 

and then subtract the palm mask (Figure

binary image of the gesture to ob

(Figure 6(b)). 

 

 

(a)                              

 

Figure 5. (a) Palm mask after erosion and dilation

(B).Palm segmented out from binary image of gesture

 

The binary image consisting of the segmented fingers 

are further eroded to remove small objects if any 

present in the image. Then, the total number of fingers 

in the image is calculated (Figure 

 

 

hand other than the fingers and then count the number 

of fingers shown in the gesture. Once the binary image 

is obtained, it has to be processed further to remove 

) if any present in the image and to 

create a gap large enough between the fingers that 

identifies the individual fingers. For this purpose a 

). The Gaussian filter equation to smoothen 

/1 (3) 

refers to the distance from the origin in the 

indicates the distance from the 

 refers to the standard 

of the Gaussian distribution. 

 

                         (b) 

Original Binary Image, (b) Image after 

application of Gaussian filter 

Once the image is smoothened and gaps are formed 

between the fingers, morphological operations can be 

applied to segment out the palm and just obtain the 

fingers. The techniques of erosion and dilation help in 

segmenting out the palm from the rest of the gesture 

and then subtract the palm mask (Figure 6(a)) from the 

obtain just the fingers 

 

                              (b) 

Palm mask after erosion and dilation 

.Palm segmented out from binary image of gesture 

The binary image consisting of the segmented fingers 

to remove small objects if any 

present in the image. Then, the total number of fingers 

(Figure 7). 
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Figure 6. Final output showing the count of the total 

number of fingers 

 

The total number of fingers obtained is stored and is 

compared with a database (Figure 8) which consists of 

5 images of 5 gestures. The gesture in the database 

which consists of the same number of fingers as the 

gesture shown by the user is displayed as the matched 

gesture (Figure 9). 

 

 
 

Figure 7.  Database of different gestures 

 

 

 
 

Figure 8. Matched Gesture 

 

4.5.  Discussions 

 

The effectiveness of the proposed method can be 

justified only when it is compared to some of the 

existing methods which are used for performing 

segmentation of hand gestures. The comparison process 

was done by considering the data obtained from our 

algorithm with three methodologies which are widely 

used for skin segmentation. The three skin 

segmentation models which we considered are the 

YCBCR [19], YUV[7] and YIQ[20]color space models 

respectively. The techniques which were used for 

comparison were implemented under a multi-colored 

background. Figure 10 shows the higher efficiency 

androbustness of the proposed method compared to 

some of the existing methods. 

 

 

 

(a)YCBCR 

 

(b)YUV 

 

 

(c)YIQ 

 

 

(d) Ours 

Figure 9. Comparison of the segmentation process of 

the proposed method with some of the existing 

techniques. 

The inference which can be drawn from Figure 10 is 

that the elimination of background objects in case of 

our technique is far more efficient compared with the 

other methods listed. The first image in each of the 

figures refers to the input gesture under the multi-

colored background, the second represents the marked 

skin pixels, the third refers to the final binary image 

formed after further processing and the fourth 

represents the objects identified as fingers from the 

previous image. When we consider the YCBCR, YUV 

and the YIQ methodologies many pixels in the 

backdrop are identified as skin as a result of which the 

gesture recognition process becomes difficult as many 

objects other than thefingers are considered. Whereas 

in the case of the proposed method since all the objects 

in the backdrop are removed, morphological operations 

systematically perform the process of palm 

segmentation and filtering as a result of which the 

fingers are obtained properly. Even if an object other 

than the gesture pixels are detected as skin, 

implementation of morphological operations removes 

the small objects and other types of noise present in the 

post skin segmented image which leads to the 

formation of a more efficient binary image 

The proposed method provides a great deal of benefits 

when compared to some of the methods which were 

explored in the literature survey. The techniques in 

[15], [16], [3], [2] and [9] require the user to wear input 

devices for the extraction of the postures of the hand. 
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Whereas our method eliminates the need to use such 

devices as skin pixel detection is performed to 

eliminate pixels or objects in the backdrop by 

considering only the pixels which are skin.  

 

5.  Conclusion and Future Work 

 

From the results obtained we can conclude that hand 

gesture recognition can be performed under different 

varieties of background colours by setting an 

appropriate hue and saturation value to detect skin 

pixels. We also observed that the use of morphological 

operations play a major role in segmenting out the palm 

from the fingers as a result of which finger counting 

becomes more easier. As finger counting becomes 

more coherent, the gesture matching process is 

enhanced.  The objective of our future work is to 

develop an algorithm in which the hue and saturation 

value is automatically adjusted when the gesture is 

subjected to different backgrounds. 
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