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Abstract— In this paper, Hand-Gestures are reliably 

recognized using a novel approach to determine the pointed 

direction in real time. The method uses a combination of 

Lucas-Kanade Tracking and Principal component analysis 

to perform the same. Information about the direction is used 

to control a mobile robot. A new algorithm based on the 

surface-energy function to speed up this process is proposed.  

I. INTRODUCTION 

Gesture recognition can be seen as a technique to help 
computers understand human body language. This would 
aid us in building a better interaction mechanism between 
machines and humans as opposed to the conventional 
command-line or graphical user interfaces. This would 
potentially eliminate the need for commonplace input 
devices such as mouse, keyboard and touch-screens.  

II. USES OF GESTURE RECOGNITION 

1) Sign language recognition: Just as speech 
recognition can transcribe speech to text, certain 
types of gesture recognition software can 
transcribe the symbols represented through sign 
language into text. 

2) For socially assistive robotics: By using proper 
sensors (accelerometers and gyros) worn on the 
body of a patient and by reading the values from 
those sensors, robots can assist in patient 
rehabilitation. The best example can be stroke 
rehabilitation. 

3) Directional indication through pointing: Pointing 
has a very specific purpose in our society, to 
reference an object or location based on its 
position relative to ourselves. The use of gesture 
recognition to determine where a person is 
pointing is useful for identifying the context of 
statements or instructions. This application is of 
particular interest in the field of robotics. 

4) Control through facial gestures: Controlling a 
computer through facial gestures is a useful 
application of gesture recognition for users who 
may not physically be able to use a mouse or 
keyboard. Eye tracking in particular may be of use 

for controlling cursor motion or focusing on 
elements of a display. 

5) Alternative computer interfaces: Foregoing the 
traditional keyboard and mouse setup to interact 
with a computer, strong gesture recognition could 
allow users to accomplish frequent or common 
tasks using hand or face gestures to a camera. 

6) Immersive game technology: Gestures can be used 
to control interactions within video games to try 
and make the game player's experience more 
interactive or immersive. 

7) Virtual controllers: For systems where the act of 
finding or acquiring a physical controller could 
require too much time, gestures can be used as an 
alternative control mechanism. Controlling 
secondary devices in a car or controlling a 
television set are examples of such usage. 

8) Affective computing: In affective computing, 
gesture recognition is used in the process of 
identifying emotional expression through 
computer systems. 

9) Remote control: Through the use of gesture 
recognition, "remote control with the wave of a 
hand" of various devices is possible. The signal 
must not only indicate the desired response, but 
also which device to be controlled. 

III. THEORY 

In our application, we restrict ourselves to hand-based 
gestures. The different current techniques that can be 
employed in the process of gesture recognition are: 

1) Principal Component Analysis: In this method, the 
hand is first marked out as a separate entity. This 
is most commonly done using background 
subtraction. In background subtraction, the color 
of the hand with glove is made to have a unique 
color range with respect to rest of the image. That 
particular color range alone is filtered out and 
treated as a set of points in 2-D space. The best 
fitting ellipse is computed for that set of points. 
The direction of point lies along the major axis of 
the ellipse. 
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2) Lucas-Kanade Feature Tracking [7]: This feature 
tracker is used to track a certain point on the glove. 
It is from this point that watershed segmentation is 
employed to separate the foreground from the 
background pixels. 

3) Watershed Segmentation [6]: The glove in the 
foreground is separated using this technique. A 
point on the glove is chosen. That point is assumed 
to be one point in the catchment basin and the 
pixel values are filled up to a predefined level, G.  

4) Adaptive Histogram equalization: This method is 
used to normalize the illumination effects on the 
images obtained. The images remain relatively 
unaffected by variations in lighting conditions. 

5) Viola-Jones classifier: The Viola-Jones algorithm 
is trained over a large image training set. After 
sufficient training, different gestures can be 
recognized. The drawback of this technique is that 
this classifier is neither rotation nor scale invariant 
in addition to requiring a large training set. 

6) Convexity Defects [1]: In this technique, the 
foreground glove image is first segmented. The 
defects in convexity of the surface are translated 
into vectors. This data which is in form of “blips” 
are processed appropriately to yield the gesture 
information. This is particularly useful in counting 
the number of fingers shown. 

IV. CHALLENGES 

There are many challenges associated with the 
accuracy and usefulness of gesture recognition software. 
For image-based gesture recognition there are limitations 
on the equipment used and image noise. Images or video 
may not be under consistent lighting, or in the same 
location. Items in the background or distinct features of 
the users may make recognition more difficult. 

 
The variety of implementations for image-based 

gesture recognition may also cause issue for viability of 
the technology to general usage. For example, an 
algorithm calibrated for one camera may not work for a 
different camera. The amount of background noise also 
causes tracking and recognition difficulties, especially 
when occlusions (partial and full) occur. Furthermore, the 
distance from the camera, and the camera's resolution and 
quality, also cause variations in recognition accuracy. 

 
In order to capture human gestures by visual sensors, 

robust computer vision methods are also required, for 
example for hand tracking and hand posture recognition 
or for capturing movements of the head, facial expressions 
or gaze direction. 

 

V. ALGORITHM EMPLOYED 

The hand-gesture recognition was implemented in 2 
modes. Mode 1 recognizes the pointed direction and 
moves the robot in 4 discrete directions: forward, left, right 
and back. In mode 2, the user could move the robot by 
executing gestures as one would while using the steering 
wheel of a car. In this project we use a Pioneer-1 robot 
which is interfaced to the computer using the Aria library. 

A. Algorithm in Mode 1 

 
The algorithm assumes the user keeps the hand with the 
black glove at the center of the image initially. The 
following sequence of steps was implemented to 
recognize the pointed direction: 
 

1) Initialize a feature point in the center of the 
currently captured camera image. 

2) Start a loop to capture successive camera frames. 
Track the feature point through the consecutive 
frames.  

3) Each frame is first subjected to adaptive 
histogram equalization to compensate for 
variance in illumination conditions. 

4) Perform watershed segmentation centered on the 
tracked feature point up to a predefined pixel 
level G over the current image. Since the feature 
point is present over the black glove (the 
catchment basin), the watershed segmentation 
algorithm would separate the region from the 
background despite the presence of considerable 
noise levels. 

5) Concurrently, the X-Y gradient map of the 
current camera image is computed and watershed 
segmentation centered on the location 
corresponding to the feature point is performed 
up to a predefined level H. 

6) Create a binary map, say bimg, with all pixels set 
to zero initially. The water-filled regions in the 
adaptive histogram equalized image and the X-Y 
gradient image are compared. Only the pixels in 
bimg which are filled in the corresponding 
locations in both the equalized image and the 
gradient image are set to 1. This is adopted to 
ensure that the algorithm remains robust 
irrespective of the lighting conditions. 

7) The orientation of the pixels that are set high in 
bimg is found out using the formulae: 

 
The related parameters are found using the 
formulae: 

 
Here, (xc.yc) represents the centroid of the pixels 
in bimg that are set to high. Since the above 
orientation formulae may imply 2 opposite 
directions at the same time, the geometric center 
of the high regions are taken into account. The 
geometric center is calculated as: 
 
(xg,yg)=({max(x)-min(x)}/2,{max(y)-min(y)}/2) 
 
The direction of the orientation that most closely 
matches the direction of the vector drawn from 
the centroid to the geometric center is chosen as 
the true orientation. 



8) The motor speeds are set in a discrete fashion in 
depending on the pointed direction. 

B. Algorithm in Mode 2 

 
This mode is to simulate gestures one uses to control a 
vehicle using a steering wheel. This mode is primarily 
based on the Lucas-Kanade feature tracking algorithm. 
 

1) Initialize two feature points about the center of 
the currently captured camera image. 

2) Start a loop to capture successive camera frames. 
Track the feature points through the consecutive 
frames.  

3) Each frame is first subjected to adaptive 
histogram equalization to compensate for 
variance in illumination conditions. 

4) The line orthogonal to the line segment 
connecting the two tracked feature points 
indicates the direction of motion.  

5) The motor speeds are continuously adjusted in 
accordance with the orthogonal line orientation. 

 
The implementation uses an asynchronous key state 

monitoring technique which lets the user switch modes 
during the program run.  In addition, the user may reset 
the feature(s) to their initial positions anytime during 
runtime. 

 

VI. ALGORITHM PROPOSED 

The following novel algorithm based on Energy function 
might prove quite useful in real-time gesture recognition: 
 

1) Capture a stream of images from the camera. 
2) For each image, perform histogram equalization 

to compensate for variation in illumination. 
3) The hand with the black glove on is subjected to 

background subtraction to separate it. This 
separated region is now the foreground. 

4) Detect the edges of the foreground and 
superimpose the edges over a new edge image. 

5) The centroid of the edge pixels is computed. This 
would give an approximate centroid of the region 
bounded by edges in addition to being 
computationally efficient.  

6) At every point on the computed edges, the 
surface energy, E, is computed. Also, the 
distance, D, of the current point from the 
centroid is computed.  

 

 
7) The most probable pointed direction would be 

given by the vector joining the centroid and the 
edge point in the current edge image where the 
product of E and D is the maximum. 

8) Steps 2-7 are repeated for each image frame to 
determine the current pointed direction to control 
the mobile robot appropriately. 

  

VII. RESULTS 

 
Implementation results of Mode 1: 
 
Forward Motion (Grayscale image): 

 
 
Forward Motion (Binary image): 

 
 
Forward Motion (Command Window): 

 
 
Right Motion (Grayscale image): 

 
 



 
 
Right Motion (Binary Image): 

 
 
Right Motion (Command Window): 

 
 
Left Motion (Grayscale image): 

 
 
Left Motion (Binary image): 

 
 
 
 
 
 

 
 
Left Motion (Command Window): 

 
 
Backward Motion (Grayscale image): 

 
 
Backward Motion (Binary image): 

 
 
Backward Motion (Command Window): 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Implementation Results of Mode 2: 
 
Grayscale image 1: 

 
 
Command Window 1: 

 
 
Grayscale image 2: 

 
 
Command Window 2: 

 
 
 
 
 
 

 
 
Parameters taken:  
 
Maximum fill level in grayscale image, G=40 
Maximum fill level in X-Y gradient image, H=2 
 

VIII. CONCLUSION 

The hand gestures and the pointed directions were 
recognized in real-time and the motors were appropriately 
controlled in both modes 1 and 2. Mode 2 is found to be 
more reliable owing to the fact that only 2 image points 
are involved in the recognition process. One drawback of 
using a feature tracker is that it does not recognize 
relatively fast gestures. This could be overcome by using 
a faster processor and a more optimized tracking 
algorithm.  

IX. FUTURE WORK 

 
Vision-based gesture recognition has limitations arising 

from variations in lighting conditions, variable scale, 
gesture types and pose. One crucial work in this direction 
would be to locate the palm and fingers of the human 
hand irrespective of the factors listed earlier. This would 
lead to a better understanding of how humans process 
gesture information and body languages, eventually 
enabling us develop machines we can interact with in a 
better and a more natural fashion. 
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