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Abstract—The task of gesture recognition is highly 
challenging due to complex background, presence of 
nongesture hand motions, and different illumination 
environments. In this paper, a new technique is proposed 
which begins by detecting the hand and determining its 
canter, tracking the hands trajectory and analyzing the 
variations in the hand locations, and finally recognizing the 
gesture. The proposed technique overcomes background 
complexity and distance from camera which is up to 2.5 
meters.  Experimental results show that the proposed 
technique can recognize 12 gestures with rate above 94%.  
 
Keywords— Hand gesture recognition, skin detection, Hand 
tracking. 

I. INTRODUCTION 
Human gestures constitute a space of motion expressed 

by the body, face, and/or hands. Among a variety of 
gestures, hand gesture is the most expressive and the most 
frequently used. Gestures have been used as an alternative 
form to communicate with computers in an easy way. This 
kind of human-machine interfaces would allow a user to 
control a wide variety of devices through hand gestures. 
Most work in this research field tries to elude the problem 
by using markers, marked gloves or requiring a simple 
background [1-6]. Glove-based gesture interfaces require 
the user to wear a cumbersome device, and generally carry 
a load of cables that connect the device to a computer. A 
real-time gesture recognition system which can recognize 
46 ASL letter spelling alphabet and digits was proposed 
[7]. The gestures that are recognized by [7] are static 
gestures without any motion. 

This paper introduces a hand gesture recognition 
system to recognize ‘dynamic gestures’ of which a single 
gesture is performed in complex background. Unlike 
previous gesture recognition systems, our system neither 
uses instrumented glove nor any markers. The new 
barehanded proposed technique uses only 2D video input. 
This technique involves detecting the hand location, 
tracking the trajectory of the moving hand, and analysing 
the hand-position variations. Then the obtained motion 
information is been used in the recognition phase of the 
gesture.  

The present paper is organized as follows: Section I 
introduces an overview of system components. Hand 
gesture detection and tracking the trajectory of the moving 
hand approach are presented in Sections II and III. Section 

IV demonstrates the proposed recognition method. The 
results of the proposed system are discussed in Section V. 
Conclusion and future work are given in Section VI. 

II. SYSTEM COMPONENTS 
A low cost computer vision system that can be 

executed in a common PC equipped with USB web cam is 
one of the main objectives of our approach. The system 
should be able to work under different degrees of scene 
background complexity and illumination conditions. Fig 1 
shows an overview of our hand gesture detection, tracking  
and recognition framework. 

 
 
 
 

 
 
 
The proposed technique depends on the following 
approach: 
 

1) Acquisition: a frame from the webcam is captured. 
 

2) Segmentation and detection: the image is segmented 
into two parts, both of them are manipulated 
simultaneously before analysing the resultant data, 
skin pixels and moving patterns are detected. A new 
image is created containing the location of the center 
of the moving hand. 
 

3) Tracking: 10 latest consecutive frames are tracked 
continuously, in each frame the centers of the moving 
hands are detected.  

 

4) Pattern Recognition: through the user's hands motion, 
the features are compared with those stored in the 
database, the maximum likelihood correspondence is 
chosen. 

III. HAND DETECTION 
The technique is built around the idea that Splits the 

input video screen into two parts and processes each part 
separately, so that the processing in the two parts is similar 
and simultaneous. The operators used for image processing 
must be kept low time consuming in order to obtain the 
fast processing rate needed to achieve real time speed. The 
detection steps are: 

Hand 
Center Detect 

Center Region 
Tracking      

Hand Gesture 
Recognition 

Fig. 1.  Proposed System Framework.
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2) Motion detection: The used skin form
wide range of colors. Therefore, m
appear other than the skin tone regio
non-skin regions will be exclude
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detected by subtracting two consecut
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3) Combination of motion and skin 
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Where ܯ௜ሺݔ, ,ݔሻ and  ௜ܵሺݕ ሻ indicate thݕ
tone pixels. Figure 2 illustrate the idea. 
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Fig. 2.  The hand detection: (a) Original imag
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4) Region identification: The center of t
determined as follows: 
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Algorithm I shows the details
algorithm. 
 
 
 

 

ALGORITHM  I. Hand center d
for i←0 to imageHeight  
    for j←0 to imageWidth 
        if Px(i,j) satisfiy Moti
        AND inSkinRange   t
 TruePixel  ← Tru
           XTruePx ← XTrue
       end if 
    end for 
    if   TruePixel > 15 then 
        MPArray[i] ← ( XTru
TruePixel )    
    else 
        MPArray[i] ← 0
    end if 
 end for 
 

Fig.3 Hand cen
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by number of rows that are 
array which gives the 
as shown in Eq. 2 and Eq. 3. 

∑ ಴೐೙೟೐ೝೞሺ೔ሻ೙ೠ೘್೐ೝ ೚೑ ೓೔೟ ೝ೚ೢೞ 
௡௘ ୀ ∑ ோ௢௪௦ ௔ௗௗ௥௘௦௦௘௦ோ௢௪௦ ௖௢௨௡௧  

s of hand center detection 

detection 

ion  
then           
uePixel  + 1 
ePx + j    

uePx / 

 

nter determination  

Eq(1) 

Eq(2) 

Eq(3) 



for i←0 to ImageHeight 
      if MPArray[i] ് 0 then 
         MPSum ← MPSum + MPAr
         TrueRow ←TrueRow + 1 
        YTrueRow ←YTrueRow + i   
     end if  
 end for 
 
if  TrueRow > 0 AND  YTrueRow >
   AND MPSum > 0  then 
    X_Center ← MPSum / TrueRow
   Y_Center ← YTrueRow / TrueRo

end if  

 
 

Figure 4 shows the results of hand 
using different backgrounds.  

 
 

 
 

 

 
 

IV. HAND GESTURE TRAJECTORY T
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Fig. 4.  Hand region detection ima
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In order to avoid erroneous re
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ALGORITHM  II. Hand movement tracki
  
    for i ← 0 to array.Length 
 
 
 
       
       if  -15 < θ <15 then 
          rtl   ← rtl + 1    
          Sum_rtl ← Sum_rtl + d      
       else if  75 < θ <105 then 
         dtu  ← dtu + 1 
         Sum_dtu ← Sum_dtu + d  
       else if  165 < θ <195 then 
         ltr ← ltr + 1 
         Sum_ltr ← Sum_ltr + d  
       else if 255 < θ < 285 then 
         utd ← utd + 1 
         Sum_utd ← Sum_utd + d   
       end if  
    end for 
 

 

Fig. 7. Four major angles with  േ1

ALGORITHM  IV. Both Hand
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     DoEvent(zoom Out )  
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V. HAND GESTURE
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VI. EXPERIMENTAL RESULTS 
The proposed method was implemented using an 

optimized C# code and without any auxiliary library. The 
experimental results are illustrated in Table 2. 
We have tested 12 different hand gestures. Each gesture is 
tested 40, 80 and 100 times with three different persons. 
There are 12 different gestures, and 2640 image sequences 
used. The recognition rate of this system is 94.21%. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 

VII. CONCLUSIONS 
A new technique has been proposed to increase the 

adaptability of a gesture recognition system. We have 
implemented a real-time version, using an ordinary 
workstation with no special hardware beyond a video 
camera input. The technique works well under different 
degrees of scene background complexity and illumination 
conditions with more than 94% success rate. 
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Table 2. Experimental results of the gestures 
recognition system 

* dtu = down to up; utd = up to down; rtl = right to 
left; ltr = left to right. 
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