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ABSTRACT  

 

 Here we present our prototype for a gesture recognition application. We use low cost 

off-the-shelf webcam to capture the user and his hands. These images are put through fore-

ground detection to recognize the hand. Once this is done, contour detection, finger detection 

is carried out. We then find the angle of the hand by using the moments of the pixels. All this 

data is used finally to recognize the gesture using comparison between the predefined 

definitions of the gestures. This application can be further used as an interface to other 

consumer applications. We developed an image viewer and an audio player to demonstrate 

this. 
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1. INTRODUCTION  

Communication in daily life is performed via the help of vocal sounds and body 

language. However vocal sounds are the main tool for interaction, body language and facial 

expressions have a serious support too. Even in some cases, interaction with the physical world 

by using those expressive movements instead of speaking is much easier. Body language has 

wide range of activities namely eye expressions, slight change in skin color, variation of the 
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vibrations in vocal sounds etc. But the most important body language expressions are performed 

using hand gestures. Hand gestures are ideal for exchanging information in recent cases such as 

pointing out an item, representing a number, expressing a feeling. Hand gestures are the primary 

interaction tools for sign language [1] and gesture based computer control. 

This paper will cover the following topics: 

1) We review the technologies used. 

2) We review the image acquisition and pre-processing. 

3) We discuss the use of gesture recognition module. 

4) We then discuss the different techniques used to implement these modules. 

5) The conclusion and ideas for future work are presented. 

 

2. TECHNOLOGIES USED 

2.1 EMGU CV 

Emgu CV is a cross-platform image-processing library. It is related to OpenCV as Emgu 

CV is a .NET wrapper to OpenCV. We can say Emgu CV is OpenCV in .NET. The amazing 

wrapper makes it possible for OpenCV functions to be called from .NET programming 

languages. C#, VB, IronPython, and VC++ are some of the languages supported. Emgu CV can 

be compiled in Mono too, and it runs on Linux, Windows, Mac OS X, and popular mobile OS 

platforms such as Android devices, iPhone, iPod, and iPad. 

2.2 C# 

   C♯ is a multi-paradigm programming language encompassing strong 

typing, imperative, declarative, functional, object-oriented (class-based), and module-

oriented programming disciplines. It was developed by Microsoft as a part of  its .NET initiative 

and later approved as a standard by Ecma and ISO. C♯ is one of the programming languages 

designed for the Common Language Infrastructure. C♯ is designed on the syntax and semantics 

of C++, allowing C programmers to take benefit of .NET and the common language runtime. 

 

3. IMAGE ACQUISITION  

In the input module, the video from the web camera is captured using an object of the 

OpenCV class “Capture”. Captured frames from here are extracted one by one and put through 
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background subtraction. In our approach we use a skin detector to detect the hand and other skin 

coloured things in the frame. 

 This is done using a YCrCb skin detector. YCbCr, is a family of color spaces used as a 

part of the color image pipeline in video and digital photography devices. Y′ is the luma 

component and CB and CR are the blue-difference and red-difference Chroma components. Y′ 

(with prime) is distinguished from Y, which is luminance, signifying that light intensity is 

nonlinearly encoded based on gamma corrected RGB primaries. YCbCr is not an absolute color 

space rather, it is a way of encoding RGB data. The actual colour displayed depends on the 

actual RGB primaries used to display the signal. Therefore a color value expressed as YCbCr is 

predictable only if standard RGB primary chromaticities are used. 

 

Fig. 1 Image Acquisition setup 

  

The obtained frame is converted to YCbCr format, then the colour ranges which represent 

the skin are retained in the processed frame and others are discarded. This results in foreground 

detection, which represents the frames we need to perform gesture recognition. YCbCr values of 

the skin range between (0, 131, 80) and (255, 185, 135). 

 



International Journal of Advanced Scientific and Technical Research                     Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 763 
 

4. GESTURE RECOGNITION MODULE 

 Gesture recognition involves carrying out the following tasks on the processed image we 

obtained after image pre-processing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      Fig 2: Steps in Gesture recognition module 

 

 
4.1 CONTOUR DETECTION 

 
The hand gestures are captured by a web camera and a standard Intel Pentium based 

personal computer. The skin color-based segmentation has been applied. When initial color 

images are input, the first step is to convert RGB to YCbCr color systems. Because the YCbCr 

values of human skin color are in the invariant ranges, the probability distribution image is 

discerned using a predefined lookup table for skin color hue on the base of histogram. Pre-

processing and morphological operations are used to remove the noise. Then the hand regions of 

interest are sorted and labelled to locate the region of the hands. Camshift algorithm and Kalman 

filter algorithm [3] have achieved a good performance to track the hand, which is applied to 

Contour detection 

Convex hull and defects 

Finger tips detection 
and tracking 

Gesture recognized 
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determine a region of interest (ROI) surrounding the hand in each successive frame in order to 

track the hand. Canny edge detection on the grayscale ROI is used to extract the contour [2] of 

the hand, and this edge map is combined with the skin color probability distribution image to 

determine a reliable contour. 

 

Fig. 3. Contour Extraction 

 

4.2 DRAWING A CONVEX HULL AND DETECTING CONVEXITY DEFECTS 

        When the hand is properly segmented from the background, the hand is denoted by a series 

of points as illustrated below. One possible representation of the goal of a fingertip tracking 

algorithm is the identification of the points that correspond to the location of the fingertip 

relative to the rest of the frame. In other words, the objective is to identify the  points marked red 

in the image below.        

 

Convexity Defects 

         One way of finding these points is to find the convexity defects [4] in this set of points. A 

curve that is convex is one that curves outward rather than inward as is the case with a concave 

curve. If a curve is denoted as a series of points, those points corresponding to the convex parts 

of the curve are said to be its convex hull. A convexity defect is a set of points that are not also in 

the set comprising the convex hull. 
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Fig. 4. Convexity defects 

 

4.3 FINGER TIPS DETECTION AND TRACKING 

          Thus the defect points are most likely to be the center of the finger valleys as pointed out 

by the picture. Now we bound the convex hull in a minimum area rectangle. We find its centre, 

because it’ll be a close estimate of the hand’s centre. Now we after this is done we calculate 

moments for all points on the hand and use these values to find the value of angle of inclination 

of the hand to the horizontal. This is done using mathematical formulas which are used to 

calculate angle of inclination of a image based on its moments.  

            The next challenge is detecting the number of fingers. We use a the following 

observations to do this. For each maxima defect point which will be the finger tip, there will be 

two minimal defect points to indicate the valleys. Hence the maxima and the two minimal 

defects should form a triangle with the distance between the maxima and the minima’s to be 

more or less same. And the minima should be on or pretty close to the circumference of the 

palm. We use this factor too. Also the ratio of the palm radius to the length of the finger triangle 

should be more or less same.  
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Hence using these properties, we get the list of maximal defect points that satisfy the 

above conditions and thus we find the no of fingers using this. If number of fingers is zero, it 

means the user is showing a fist.  

 

4.4 GESTURE IDENTIFICATION MODULE 

  

 The information about the hand obtained during the previous phase like the no. of fingers 

and the angle of hand is utilized to find which hand gesture is being shown by the user. For 

instance when the no of fingers is one and the angle of hand is between 120 and 160 degrees, it 

means that the user is showing the thumbs up sign. Similarly other gestures are defined using 

these qualities of hand parameters.  

 

5. OUTPUT MODULE 

In this module, the user is notified of the gesture recognized through the monitor, speaker 

and other output devices based on the application being used.  

 

 

 

 

 

 

 

 

 

Fig 5: Steps in Output module 

 

Perform assigned task 

Display output on 
monitor 
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Main application - In case of the main app, the output is through textboxes which carry various 

information about the hand being detected. It also has an option to read out the gesture 

recognized aloud.  

Picture Viewer - Here, the recognized gesture results in performing certain tasks on the picture 

being displayed such as, zooming into to the image, zooming out of the image, going to the next 

image, going to the previous image.  

Audio Player - Here, the recognized gesture results in performing certain tasks on the song 

being played such as, pausing the song, playing the song, rewinding/forwarding the song, 

increasing/decreasing the volume of the song. 

6. CONCLUSION AND FUTURE WORK 

Hand gesture recognition is finding its application for non- verbal communication 

between human and computer, general fit person and physically challenged people, 3D gaming, 

virtual reality etc. With the increase in applications, the gesture recognition system demands lots 

of research in different directions. We’ve tried to implement one of these methods in our 

implementation. 

This method can be further enhanced by increasing the flexibility of the application in 

terms of lighting conditions, number of recognizable hands, functionalities of the gestures etc. 

We can also try to integrate motion based gestures which will make the user interaction more 

intuitive. 
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