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Abstract: Sign language has been seen as a medium of communication by the deaf and mute people over the years. In the 
purview of this sign language and gestures, a lot of radical changes have been witnessed, involving various techniques that 
spans from the domain of robotics through the domain of image processing. Results of various gestures have been attained 
with various proficiency and accuracy.  
Various fallacies have been encountered with the advancing technologies, with respect to the portability factor, expense 
factor, cumbersomeness in the usability, cluttered background etc. This paper encapsulates the various methodologies 
prevalent today, the challenges they come across and the future prospects in this field that can be built to overcome these 
impediments.  
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I. INTRODUCTION 
 
Before the inception of language as a medium of 
communication, the primitive man used his gestures 
to articulate his thoughts in an effective manner. With 
the advent of language as a medium of 
communication, the use of gestures as a mean of 
communication is predominantly used by the deaf 
and dumb people. Imparting these gestures through 
text or speech will find numerous applications in 
schools, banks, shopping malls etc.  
Various successful attempts have been made in this 
regard to understand these hand kinesics, in various 
languages like the American Sign Language (ASL), 
Arabic sign Language, Japanese Sign Language, 
Indian sign language and various regional languages 
as well.  
 
II. RELATED WORKS 
 
In the last two decades, several types of gloves were 
invented with respect to gesture recognition system.  
Data Glove was developed in 1982 by Zimmermon. 
Since this development the gesture communication 
through Data Glove saw an upsurge. The recent 
advancements in the Data Glove technology came in 
the year 2009. This advanced Data Glove was known 
as KHU-1 Data Glove [1]. It consisted of tri-axes- 
accelerometer sensors, a controller, and a Bluetooth. 
The accelerometer could measure static as well as 
dynamic gestures. It measured dynamic gestures  

 
using the changes in the capacitance. The output 
analog signal generated an offset value which was 
dependent on gravity. This offset was very important 
to measure the tilt of the hand. The analog signal 
output from the accelerometer was converted into 
digital form. This digital signal was transferred to the 
computer via Bluetooth. The next step was that of 
evaluation of data. The accelerometer was mounted 
on the finger, the thumb and back of the palm. The 
motion sensors plotted its motion on an x-y-z axes. 

 
Fig 1: KHU-1 Data Glove 

 
The use of data glove definitely gave us the accuracy 
and precision in gesture recognition, but the 
cumbersome use of glove, the hardware that came 
along with it, reduced its usability and hence saw a 
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decrease in its application. Taking into consideration 
these constraints put forth by the glove technology, 
gesture recognition based merely on unadorned hand 
evolved.  
One of the harbingers in this technology were Viola 
and Jones [2]. Their hand gesture system was divided 
into two modules, detection and recognition.  
The detection stage comprised of:  
1. Set of Haar like features and integral image for 
feature extraction. 
  
2. Use of Ada-Boost algorithm to select critical 
features among set of extracted features. 
  
3. Combination of strong classifiers in cascade 
structure which efficiently increases speed of 
detectors.  
 
In recognition stage Hu invariant movement feature 
of hand gesture will be extracted and used to train 
SVM classifier. Hu invariant means seven non-linear 
functions which are translation, rotation and scale 
invariant. Viola and Jones went about by creating a 
database; they used USB digital video camera as the 
image capturing device. Different gestures of five 
people were recorded, and the positive out of them 
were resized to predefined resolution and converted 
into binary image. They made use of two classifiers: 
original Haar like and extended Haar like classifiers. 
The detected image was given as input to SVM 
classifier in the recognition stage. They achieved a 
recognition rate of 96.7%. This method guaranteed 
high robustness, high accuracy and a satisfactory real 
time performance. 

 
Fig-2.Final Framework of Viola Jones method 

 
The use of Hand Gesture recognition also saw some 
experimentation in mobile devices in 2009[3]. One 
method that drew attention was the Silhouette based 
method Hand recognition, since the method used the 
camera on mobile device it made itself adaptable to 
the low quality camera. The image acquisition 
required certain kind of parameters to be satisfied, 
like: a camera of 2 Mega-pixel, 72 dpi and the 
distance between camera and hand is maintained at 
10-15 cm. The next stage after image acquisition was 
segmentation. This segmentation method was based 
on color segmentation technique which made use of 
K-means algorithm which guaranteed isolation of 
hand from background. The next stage was that of 
template extraction in which two patterns were 

identified of which one was contour and other was 
silhouette, which helped identify an individual. To 
get more accurate features, ‘Edge detection 
algorithm’ was also used. This method was a non-
intrusive procedure which was independent of a fixed 
platform or background. It only considered features 
pertaining to shape and contour.  
 
In 2010, a new technique based on ‘Orientation based 
Hash code’ [4] evolved which was completely 
rotation invariant method. There was a statistical 
method which converted image contour to orientation 
based Hash codes. The main objective was to reduce 
time complexity, space complexity, rotation 
invariance and online scalability. Their proposed 
system comprised of orientation histogram, core 
features for recognition and hashing and hamming as 
classifiers.  
 
The image acquisition was carried out on web camera 
of 640*320 pixels. Segmentation was carried out 
based on human skin colour. Morphological 
techniques like erosion, dilation, close and open were 
carried out to get the proper segmented hand gesture. 
As the segmentation was based on human skin colour 
there was a possibility of face detection too. It was 
removed by classifier or running region identification 
problem. Clipping of the image was done by ’Wrist 
detection algorithm’. As the size of hand varies from 
person to person, every image was resized to 
112*112 pixels. On this, image contour selection was 
performed by openCV library. Based on the contour 
orientation, histogram and shape context were 
calculated for every pixel forming a rich feature 
descriptor. Rotation invariance in this method was 
achieved by recording the image at an angles rotated 
by 90  and calculating their hash codes. 
 

 
Fig 3. Rotation of gesture images and their hash codes 

 
The accuracy gained by this method was around 
82.1%. Compared to other methods less memory was 
required. Average time for each gesture recognition 
was 7.36ms.  
 
A new method to achieve view invariant hand gesture 
recognition was achieved using 3D trajectory. It 
constructed infrared based ‘3D trajectory capture 
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platform’ to capture the movements of single hand 
with the use of Retro-reflective marker. This method 
falls into two stages: initially a principle gesture plane 
was estimated, it used the ‘Least square method’ 
algorithm. On the basis of this estimation the 
projected gestures were recognized using Hidden 
Markov Model (HMM). 

 
Fig-4 Flowchart of 3D trajectory 

 
The images in the 3D trajectory method required 
some kind of pre-processing. It required re-sampling 
of these 3D trajectories, the next step was getting rid 
of start and end points which were separated by an 
interval less than 2. The next step was to fit the 
trajectory curve, which was achieved by using linear 
interpolation method. Precisely, the view invariant 
hand gesture recognition was obtained as shown in 
Fig-4.  
The hand gesture recognition also saw some 
application specific use, one that garnered interest of 
the fraternity was that of VLC media player [5]. This 
system used dynamic hand gestures to control the 
player which comprised of a central computational 
module. This module segments the foreground of the 
frame using skin detection and approximation median 
technique. This system uses decision tree algorithm 
for achieving perceptual user interface. It is mainly 
divided into four phases: data acquisition, 
segmentation, feature extraction and recognition. 
Initially a 10 sec. video is captured and is split into 
RGB frames. The skin area is detected by skin 
detection model. Various features like direction of X, 
direction of Y, X-start, X-end, Y-start, and Y-end are 
extracted and used in decision tree algorithm. The 
database comprises of images of people within the 
age frame of 20-23 with different background. Of the 
total data acquired 30% was given for training, 20% 
for validation and remaining 50% for testing. 
 
This system had two major disadvantages: less 
robustness and it could identify the gesture of just one 
hand.  
In 2011, the hand gesture recognition saw another 
application specific implementation known as ‘bag of 
features’ [6], which focused mainly on video games. 
It took care of the cluttered background. For enabling 

skin detection in the cluttered background it used 
‘Hand posture contour comparison algorithm’. It 
comprised of two stages: Offline training and online 
testing. In the training phase, 100 images of each 
gestures on background of no texture or objects were 
taken. This reduced the processing of images. It built 
cluster and multiclass  
SVM classifier models to recognize hand gestures. 
The training image acquired is converted into 
portable gray map format. Various image sizes are 
trained on the following lines: 
 
1. Location of Region of Interest (ROI) is computed.  
2. Refinement is performed by getting rid of the 

points of low contrast.  
3. Independent orientation is assigned to each key 

feature.  
4. Depending upon this orientation a local feature 

descriptor is computed.  
The testing phase consisted of face detection 
followed by subtraction of skin like features. To get 
rid of the skin like features of the face, the method 
proposed by Viola and Jones was used.  
In 2012, hand gesture recognition based on ‘Adaptive 
Resonance Theory’ (ART) [7] was proposed. It was 
especially for dynamic gestures which carried out 
match based learning and prediction. In this method a 
dynamic vision sensor is used. ART is a classification 
technique which classified ten categories (0-9) of 
hand gestures and for every category eleven feature 
vectors were computed. 
 

 
Fig 5. Eleven feature vector for (0-9). 

 
Out of the eleven features even if five vectors find a 
match, the recognition rate will be more than 90%. 
But if the gesture size is small, accuracy rate will be 
less than 60%. ART is a dynamic technique which 
means; it captures images from continuous spotting 
and classifies it using ARTMAP technique. This 
technique was advantageous with reliable real time 
learning and recognition of various dynamic patterns, 
but did not cross the major hurdles of portability, cost 
and invariance.  
The recent advancements in this field made use of 
never thought before method. It used the behavior of 
robot to obtain the gestures. The input given to the 
system are gesture trajectories. These were obtained 
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from a new sensor designed by Microsoft known as 
Microsoft Kinetic Sensor. The gestures of a waiter 
robot were studied, his gestures were recognized 
using depth image based sensors. The depth of any 
image carries information like distance from sensor. 
Image segmentation is performed considering the 
distance gradient which is obtained from Microsoft 
Kinetic sensors which made used of Human skeleton 
tracking algorithm [8]. This new technique is 
completely position invariant. This position 
invariance is obtained by multi-dimensional dynamic 
time warping algorithm. It compares the gestures 
irrespective of position of sensors. To achieve this 
kind of positional invariance the co-ordinates of the 
right hand obtained from the sensor frame are 
transferred to a fixed frame which acts as a reference 
frame, to identify the gestures. This method increased 
the robustness, the usability as it made use of a 
mobile robot. The only single disadvantage which 
was cited was that the accuracy of the gesture plotting 
which depended on correct demonstration of gesture.  
 
III. OUR TECHNOLOGY 
 
The evolution of the technology saw a radical change 
right from the use of a Data Glove to unadorned hand 
gesture recognition technique. The stages of 
evolution made use of various hand tracking sensors, 
accelerometers, Bluetooth devices, and saw various 
other constraints with respect to the rotation of hand, 
distance between the hand gesture and image 
capturing device, the size, the texture of the hand 
gesture etc. These constraints should be essentially 
removed as we propose a system for the deaf and 
mute community. We have made a contemplative 
study of various techniques discussed so far. We are 
proposing to design a simple application which just 
involves a camera that will ensure processing of 
image invariant of scale, translation and rotation 
parameters. We are planning to use the combination 
of algorithms proposed by Viola and Jones, 3D 
Trajectory technique which ensures view invariance, 
Silhouette based technique which ensures background 
independence and Adaptive Resonance theory, whose 
learning phase is 2000 times faster than that of any 
other device.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 
This paper shows the clear research in the field of 
Hand Gesture recognition technology, opening new 
avenues for future developements. The proposed 
technology which falls under the image processing 
domain, facilitates a cost efficient and highly portable 
system, which will find its usability getting manifold 
in the deaf and mute community. A comparative 
study of the previous technologies and the proposed 
technology, will surely lay down an agenda, which 
will be instrumental in deciding the better of all, 
suiting the individual’s needs. The unadorned hand 
technique will surely provide an impetus to the future 
research. 
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