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ABSTRACT:
Real-time, static and dynamic hand gesture recognition affords users the ability to interact with computers in more natural and intuitive ways. The hand can be used to communicate much more information by itself compared to computer mice, joysticks, etc. allowing a greater number of possibilities for computer interaction.
 The purpose of this work was to design, develop and study a practical framework for real-time gesture recognition that can be used in a variety of human-computer interaction applications with the aim of developing a prototype system for controlling Microsoft PowerPointTMpresentations. 
The approach taken is to locate hands starting with the finger tips after investigating potential regions of interest that are maintained through motion detection and subsequent tracking. The fingertips are very distinguishable from many backgrounds allowing a very robust tracking system.
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INTRODUCTION:
The way humans interact with computers is constantly evolving, with the general purpose being to increase the efficiency and electiveness by which interactive tasks are completed. Real-time, static and dynamic hand gesture recognition affords users the ability to interact with computers in more natural and intuitive ways. 

The research presented in this paper is geared towards bringing together static and dynamic gesture recognition approaches, in order to improve the user experience, when interacting with computers through gestures. The main focus of the research was on bare-hands_ utilizing a simple web camera with a frame rate of approximately 30 frames per second.

Mid-century brought with it a new outlook on science and technology, and human-computer interaction was no exception to this. As early as 1963 the first device to use gestures existed, that is the Sketchpad light-pen system. 1964 saw the first trainable gesture recognizer from Teitelman. Since this period many successful work has been done in this field from sign language recognition to object interaction.
Gestures are a form of non-verbal communication used by people on a daily basis. Similarly using these particular postures or motion of the hand can be used to communicate with machines.
Hand postures or static gestures are gestures that do not depend on motion, as is the case with Malassiotis'7 and Strintzis' work. Dynamic gestures on the other hand require motion and are based on the trajectory that is formed during the motion in question.
Hand gesture recognition plays an important role in the following areas:

1. Touch less interaction with objects.

2. sign-language recognition.
3. controlling computers.

4. behavior understanding.

 Bare-hand gesture recognition presents many challenges to researchers. Over the years various approaches to overcome these challenges have been published; however, several drawbacks arise due to inherent assumptions in many of these approaches.
BLOCK DIAGRAM OF REAL TIME PROCESSING :
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The process begins with the computer system capturing a frame from the web camera, which is then processed to detect candidate regions of interest. After a hand is found in a

region of interest it is tracked by the Hand Tracker all subsequent processing is done on this region. The static and dynamic information is then passed to the Gesture Recognizer, which communicates the type of gesture to the Action Generator. The action generator passes the necessary commands to the operating system to create the end result.
SYSTEM OVERVIEW: 

The two fundamental hardware components are the web camera and the computer system that it is connected to. They are both connected using a media Universal Serial Bus (USB), Firmware (IEEE1394), Coaxial, etc. Then it is up to the computer system to perform frame grabbing. Frame grabbing in this case was done through an application programming interface (API) in order to abstract frame capture as much as possible while allowing the software to run on any computer using a particular operating system. The original implementation was based on the Microsoft Windows TM operating system written in the MATLAB programming language. This area of focus warranted the use of a popular open source image processing library, AForge.NET.
Initially, a reference or key frame is set after a determined amount of time from startup. This frame is set a few seconds after the web camera is activated in order to allow ample time for hardware initialization. At the beginning of runtime this frame also serves as the previous frame, which is then used to find the difference with subsequent frames, aiding in the process of motion detection. This is all taken care of in the processing component.

After processing is complete candidate regions of interest (ROI) are investigated to detect finger tips. If characteristics of a human hand are found in such a region, this region is considered to be containing a hand, and is processed as a sub-image utilizing the key frame. Once the hand has been found features for static gestures are extracted from individual frames. Concurrently, by tracking the hand's motion, the dynamic features of the gesture are established.

This system can be used to recognize static and dynamic gestures, resulting in a plethora of interaction possibilities; however, the research presented here focuses on applying real-time hand gesture recognition to presentation control as a proof of concept.

The description given for the system in this section hinted at a few restrictions that users would have to abide by in order for tracking, detection and recognition to all work robustly. They are as follows:

1. Users and their surrounding environment should be approximately static (non-moving) prior to performing a gesture.

2. The color and intensity characteristics of the hand's region should be distinguishable from the background.

These restrictions are reasonable and do not hinder users so much as to make the chosen application impractical. Firstly, keeping the environment static prior to performing a gesture affords the system the ability to know when to update the key frame. Secondly, if the hand is camouflaged via its surrounding background, then it will be a challenge for a human to distinguish, much less a machine.
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Isolating gesture (REGION OF INTREST) from static background.

CALIBRATION:

In order for tracking and feature extraction to be done robustly and efficiently, the system needs to know certain information about what to look for in the object(s) that needs to be tracked. It is possible to determine this information by taking an unsupervised learning approach; however, this can be computationally expensive in a real-time environment. Due to the fact that the tracked object in this case is the hand it can quickly be calibrated prior to using the system. Biologically, a human hand motion must obey biomechanical and neuromuscular constrains.
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A ROI containing a hand. This initial ROI was found from motion detection. Then the image was differenced with the reference frame in that region and binarized, giving a segmented hand image. The size of the ROI is preset during calibration.
IMAGE PROCESSING:

Motion Detection involves finding the areas of motion in a given scene. An easy way of detecting motion in a scene is through differencing consecutive images from a stream of images from a particular scene.

In this research motion detection was used for locating a potential ROI. It is generally assumed that there would be little motion in the background and that the associate body would not be moving. This is a reasonable assumption, when giving a command to a computer.
EXPERIMENTAL APPROACH:

The first module for our system involves motion detection for the location of the hand. First, it is assumed that the input stream consists of grayscale images. The proposed method calculates the pixel-wise, absolute difference in intensity between successive frames. This will result in a grayscale image, where the regions of motion will be lighter, while the static regions will be darker, since the difference between pixel values Algorithm 1 would be very close to zero;
FEATURE EXTRACTION:
In order to determine the gesture being performed by the user in real-time, quick extraction of separable features is desired. These features need to fulfill certain qualities like being rotationally-, scale-, translation-, and, even, reflection-invariant. This allows for robust gesture recognition as well as for both left- and right-handed system use.
For tracking the region of interest a specific parameter is to be calibrated from each updated frame like center or area or edge perimeter etc.

MATLAB CODE EXAMPLE:
v=videoinput('winvideo');
% Configure the object for manual trigger mode.
triggerconfig(v, 'manual');
preview(v)
% Now that the device is configured for manual triggering, call START.
% This will cause the device to send data back to MATLAB, but will not log
% frames to memory at this point.
start(v)
% Measure the time to acquire 20 frames.
tic
for i = 1:500
    s = getsnapshot(v);
ssp();
end
elapsedTime = toc;
% Compute the time per frame and effective frame rate.
timePerFrame = elapsedTime/20;
effectiveFrameRate = 1/timePerFrame;
THE FUNCTION ssp() :

g=rgb2gray(s);
k=histeq(g);
for i= 1:120
    for j = 1:160
        if (k(i,j)<5)
            b(i,j)=1;
        else
            b(i,j)=0;
        end
    end
end
Here the rgb image is transformed to a gray image which is equalized in histogram thereby stretching the contrast of image.
A threshold for the enhanced image is fixed for which it results in the output of binary image from which a desired feature is extracted for processing.
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 Above figure shows a binary image after processing using a user defined threshold for the environment.
INTERFACE OF GESTURES TO COMPUTER:

Computer functions like mouse, keyboard & accessing applications can be produced using gesture recognition where java is interfaced with matlab in my project to do so.

Robot class of java in its library has an ability to handle all mouse and keyboard events that enable us to interact with computer with no specific hardware rather a bit of programming.

EXAMPLE OF VIRTUAL MOUSE:

using gestures the mouse operations like mouse pointer movements , mouse press events enable us to interact with computer using gestures as a result of interfacing real world and digital world.
MATLAB CODE FOR VIRTUAL MOUSE:

v=videoinput('winvideo');

% Configure the object for manual trigger mode.

triggerconfig(v, 'manual');

preview(v)

% Now that the device is configured for manual triggering, call START.

% This will cause the device to send data back to MATLAB, but will not log

% frames to memory at this point.

start(v)

% Measure the time to acquire 20 frames.

tic

for i = 1:500

    s = getsnapshot(v);

ssp();

end

elapsedTime = toc;

% Compute the time per frame and effective frame rate.

timePerFrame = elapsedTime/20;

effectiveFrameRate = 1/timePerFrame;

% Call the STOP function to stop the device.

stop(v)

flushdata(v);

delete(v);

function ssp() :
g=rgb2gray(s);

k=histeq (g);

for i= 1:480

    for j = 1:640

        if (k(i,j)<5)

            b(i,j)=1;

        else

            b(i,j)=0;

             end

    end

end

ssp2();

FUNCTION ssp2() :

x=0; y=0; c=0;

for i= 1:480

    for j = 1:640

        if (b(i,j)==1)

            x=x+i;

            y=y+j;

            c=c+1;

        end

    end

end

cx=x/c;

cy=y/c;

ssp1();
FUNCTION ssp1() :
import java.awt.Robot;

mouse = Robot;

mouse.mouseMove(2*cy,1.66*cx);
CONCLUSIONS :
In this project we explored the area of hand-gesture recognition for applications in human-computer interaction interfaces. A system was developed for classifying both dynamic and static gestures and based on the combination employed to Microsoft Power Point TM presentations. The problems that were dealt with to a sufficient degree of success were segmentation and tracking of the hand, classification of trajectories of the hand motion and classification of the static hand gestures.
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