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Abstract— Iris recognition was mainly used for biometric identification of a person. But in the recent years many ideas 
showed that iris recognition is not only restricted for biometric identification, its application is extended vastly in control 
purpose, understanding human behavior with outside world, health monitoring etc. In this project iris movement based 
weapon control system idea is proposed. The idea includes controlling weapons mounted on defense robots through iris 
movement. Here we have Hough transform based iris detection and tracking. On an average it takes 25ms to find centroid of 
iris from its captured. 
 
Keywords— Iris Movement, Morphology, HSV Transformation, Gaussian Distribution, Hough Transform, Arduino Uno.  

 
I. INTRODUCTION 
 
Robots are changing human life style and reducing 
complexity in every part. Defense is a major sector 
where vastly robots are used. The world focus on 
terrorism and security plays a vital role in eliminating 
the risk of the terrorist attack. For this purpose 
technology is improving in faster way, so robots are 
entering to strengthen the security range. By 
incorporating new synchronization and control 
methods and increasing levels of automation, military 
robots are expected to reduce the burden and risk for 
future warriors. Developments in cognitive 
technologies which essentially deal with man 
machine interaction are likely to develop the science 
of robotics further [1].  
These remote-controlled devices require operators to 
control their movement and components mounted on 
them. Components like weapons, camera control and 
along with robot movement control by one operator 
are tedious process and control accuracy also 
decreases. To eliminate this drawback we have 
proposed iris based weapon control technique to 
reduce control complexity. The robot movement 
control is kept as usual joystick control but the 
weapon control is modified from operator joystick to 
iris movement control. To go along with the pattern 
of effective eye movement-based human-Robot 
Interaction, we must first analyze the features of 
natural eye movements, to implement eye movement 
based control system. 
Andreas and Hans proposed eye movement analysis 
using Electrooculography is useful for activity 
recognition like copying a text, reading a printed 
paper, watching a video so on [3]. Robert Jacob 
showed electronic and mechanical methods to 
measure eye movement [4]. Several morphological 
methodologies were proposed for iris detection for 
many control applications [5] [6] [7] [8]. But these 
seem to take more computation time, from studying 
the existing methods we conclude that Hough 

Transform based iris detection is more fast and 
accurate in finding iris center point. 
 
II. METHODOLOGY 
 
Iris based weapon control system include mainly two 
parts, first is image processing and second one is 
controller hardware. Algorithm detects iris and its 
location parameters are send to controller, in this case 
open source electronic board is used i.e. Arduino 
Uno. Movement of weapon along vertical and 
horizontal direction is done using servo motors. Each 
frame from normal web camera is passed through 
series of operations like Gaussian smoothing, HSV 
transformation so on. The main concept included is 
Hough Transform based iris boundary identification 
and with that its center which provides necessary 
parameters for further operation. 
The Fig represents the overview of proposed system. 

 

 
Fig 2.1: Block Diagram representing overview of proposed 

system. 
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a. Hough circle transform based iris detection 
and tracking 

Hough Transform is one of the feature extraction 
technique used to identify some shapes in images. 
Circles are a common geometric structure of interest 
in computer vision applications. The Hough 
transform can be used to determine the parameters of 
a circle when a number of points that fall on the 
perimeter are known. In explicit form, the HT (Hough 
Transform) can be defined by considering the 
equation for a circle given by [12]: 

 
 (x-x0)2+(y-y0)2 = r2 ..........… (3.1) 
 

This equation shows a locus of    points (x, y) 
centered on an origin (x0, y0) with radius r. This 
equation can again be visualized in two ways: as a 
locus of points (x, y) in an image, or as a locus of 
points (x0, y0) centered on (x, y) with radius r.  

        
Fig 3.1: 3D accumulator Space to detect circle with exact 

center. 
 
The above figure shows the Hough transform for 
circles. Each edge point in Figure-3.1 defines a set of 
circles in the accumulator space. These circles are 
defined by all possible values of the radius and they 
are centered on the coordinates of the edge point. Part 
(b) in Fig 3.1 shows three circles defined by three 
edge points. These circles are obtained for given 
radius range. Each circle with edge point is formed 
with different radius. This implies that the 
accumulator space is three dimensional (for the three 
parameters of interest) and that edge points map to a 
cone of votes in the accumulator space. Part (c) in Fig 
3.1 shows this 3D accumulator space. The maximum 
among all the edge points in the work space 
corresponds to the parameters of the circle in the 
original image is obtained. 
Equation (4.3) can be defined in parametric form as: 
x=x0+rcos (θ)    y=y0+rsin (θ)……… (3.2) 
 
The advantage of this equation (3.2) representation is 
that it allows us to solve for the parameters. Thus, the 
HT mapping is defined by: 
 x0=x-rcos (θ)     y0=y-rsin(θ)…….… (3.3) 

Above equations (3.2) and (3.3) represents points in 
accumulator space depends on radius r and defines 
the traces of curve. The trace of the curve (or surface) 
is commonly referred to as the point spread function. 
 

 
Fig 3.2: Shows iris detection using Hough circle transform and 

marked circle around iris in original frame. 
 
Hough transform for circles algorithm detects iris and 
marks with red circle around iris and green dot at the 
center. During this detection, parameters radius and 
xy coordinates at the center of the circle are obtained 
and retained for further control action. And this 
process repeats frequently as frames come. 
Coordinates so obtained are transferred serially to 
arduino for next operation. 
Before Hough operation each frame processed 
through series of operations, this includes initially 
RGB to HSV transformation. For HSV conversion 
range values are set to allow only iris region to pass 
through. Further Gaussian smoothing is done by 
performing 2D convolution operation using function: 

          G(x) =  

For two dimensions it is given as: 

          G(x, y) =  

Where x is distance from origin in the horizontal axis, 
y is distance from the origin in the vertical axis and σ 
is Standard deviation of the Gaussian distribution. 
 

 
Fig 3.3: Gaussian distribution with mean (0, 0) and σ=1. 
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Fig 3.4: Shows smoothing of frames using Gaussian filter to 

remove noise. 
 

b. Serial communication with Arduino Uno 
hardware 

Serial communication includes setting up connection 
and sending x, y coordinates obtained from Hough 
circle detection method and correspondingly arduino 
drives servo motors. Initially when Opencv program 
execution starts, the serial port connection and needed 
variables are setup with command CreateFileW 
followed by necessary parameters. And if the 
connection is successful dcb serial parameters are 
defined i.e., baud rate = 9600, ByteSize = 8, Parity = 
NOPARITY, StopBits = ONESTOPBIT. This 
represents handshaking between arduino and opencv. 
Once this is done properly, arduino microcontroller is 
uploaded with necessary program and made ready to 
read data sent from opencv. 
Now image processing is done with necessary steps 
as explained above and iris locations are calculated 
with help of Hough circle detection method. Once the 
xy coordinates are obtained they are forwarded to 
send serially to arduino with intermediate variables 
say outputChars[0], and this process is repeated every 
time coordinates are obtained in each video frame. 
After successful transfer, these coordinates are read 
by microcontroller. These parameters are used to 
drive servo motor corresponding to iris movement 
i.e., similar movement imitated by weapon mounted 
with help of controllers drive.  
Here we have set pin 9 and 10 of arduino to send 
signals to two servo motors. These pins output pulse 
width modulated signal every time to run servos.  
 

 
 

 
Fig 4.1: Arduino servo connections and servo arrangement for 

control purpose and system setup. 

III. RESULTS AND DISCUSSIONS 
 

We have built real time working prototype to reduce 
joystick control complexity of weapon mounted on 
military robotics. OpenCV libraries are used to 
process the frames from camera and detect iris 
position to control the servos that drive weapon 
mounted. 
We have used Frontech Gem jil2225 webcam (5MP). 
The resolutions of the captured images were 
640x480. The PC's configuration is: core2duo 
2.10GHz, 3GB RAM. The below figures represents 
how frames captured, processed and iris region 
tracked. 
It took on an average 25ms to find the centroid of the 
iris region from the captured image. Table below 
shows different implementations to detection iris and 
track it position and the execution time required to 
detect centroid from image captured. 

 

 
Table 5.1: Computation of Hough Transform for circle to 

identify iris 
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Fig 5.2: Chart showing execution time took in Opencv and 

other flatform represented. 
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CONCLUSION 
 
Iris recognition based weapon control, reduces the 
complexity of manual control in defense robotics 
which include joystick control system. Also with 
algorithms like Hough transform it is very less time 
consuming to detect iris in images. Such Human-
Machine interfaced systems better understands the 
behavior of human and take that as input and outputs 
what is required to meet to task expected by 
controller. 
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