
Comparisons of Two Camera Configurations for Remote 
Iris Recognition 

 
Dong Ik Kim¹, Hyun Su Jo¹, Gen Li¹, Ho Gi Jung¹, Kang Ryoung Park² and Jai Hie Kim¹ 

¹School of Electrical and Electronic Engineering, Yonsei University, 
Biometrics Engineering Research Center, 

134 Shinchon-dong, Seodaemun-gu, Seoul 120-749, Republic of Korea 
{godsknight15, iceplan, leegeun, hgjung, jhkim}@yonsei.ac.kr 

²Division of Electronics and Electrical Engineering, Dongguk University 
Biometrics Engineering Research Center, 

26, Pil-dong 3-ga, Jung-gu, Seoul 100-715, Republic of Korea 
parkgr@dongguk.edu 

Abstract – Although iris recognition is one of the biometric techniques that showing good performance, it is not 
been used widely because iris image capturing needs much effort in practical situation. Thus iris image 
acquisition in user convenient environment is very important factor for the popularization of iris recognition. 
Generally, remote iris acquisition system has two cameras: scene camera for user detection and iris camera for 
high resolution iris image capturing. According to the geometric relation between the scene camera and iris 
camera, remote iris image acquisition system could be classified into three categories: separated type, parallel 
type and coaxial type. In particular, this paper focused on the comparison between parallel type and coaxial type 
in the viewpoint of y-axis displacement, offsety . Experimental results show that if camera to target distance is getting 
away, the offsety  is getting smaller. It means that benefit of coaxial type is limited to the near distance and 
difference between coaxial type and parallel type becomes ignorable beyond a certain distance.  

 

I. Introduction 
Biometrics is a method for automatic individual 

identification using a physiological or behavioral 
characteristic [1]. In recent years, the biometric technology is 
main issue of the security application. In particular, iris 
recognition, one of the biometrics, is very powerful and 
accurate. But, it has not been used widely due to the difficulty 
of the acquisition of the proper iris image. Particularly, 
acquisition iris image at a distance is very hard due to 
targeting eye. There are some constraints of proper iris image 
acquisition; well-trained operator, cooperative user, and 
illumination controlled environment. If any of the required 
conditions is not satisfied, the iris recognition system cannot 
avoid performance degradation. 

This paper mainly deals with the iris recognition system at 
a distance. Conventional systems are made of Wide Field of 
View (WFOV) camera, Narrow Field of View (NFOV) and 
Pan-Tilt Unit (PTU)[1][3]. The WFOV camera (or scene 
camera) is used for detecting and targeting of user, and 
NFOV camera (or iris camera) is used for the acquisition of 
high resolution iris image. According to the geometric 
relation between the scene camera and iris camera, remote iris 
image acquisition system could be classified into three 
categories as shown in Fig. 1: separate type [5], parallel type 
[3][4]and coaxial type[6].  

In the case of separate type, as – the WFOV camera and 
the NFOV camera’s optical axis is separated - complex 
calibration between two cameras is essential.  

The parallel type installs two cameras’ so that their optical 
axes are parallel. Although it needs relatively simpler 

calibration, y-axis displacement, coordinates difference 
between the NFOV’s and WFOV’s image center should be 
compensated. The y-axis displacement offsety  becomes 

smaller as subject to camera distance grows. This paper 
focuses on this error. 

The coaxial type makes two cameras’ optical axes on the 
same line. It needs a simple calibration because the 
mechanical structure is not perfectly coaxial. Using the 
calibration result, image center of the NFOV camera can be 
transformed to that of WFOV. Once NFOV and WFOV 
camera are calibrated, WFOV camera-based targeting, i.e. 
pan-tilt operation to locate the subject’s face at the image 
center of WFOV camera, conducts NFOV camera targeting 
simultaneously. In other words, if WFOV target is completed, 
the subject’s iris is supposed to be at the image center of 
NFOV camera because offsety  is zero. Therefore, coaxial type 

is supposed to be the ideal geometric relation between the 
scene camera and iris camera. 

In [3], parallel type was researched by National 
Laboratory of Pattern Recognition (NLPR). The system used 
two cameras and infrared LEDs. They were installed on a 
PTU and rotated together. They assumed that offsety  was 
linear relationship with respect to camera distance. And they 
used least square method to estimate the linear relationship. In 
[3], offsety  seemed to be well compensated. However, they 

captured different size of iris images which seemed not to 
satisfy iris 
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(a) Separated System              (b) Parallel System 

 
 
 
 
 
 

(c) Coaxial System 
Figure 1: Three types of geometric relation between 

NFOV and WFOV camera; separated, parallel, and coaxial 
type. 

 
Figure 2:  In parallel type, WFOV and NFOV camera’s 
image centers are different in y-axis coordinate. In other 
words, offsety  is not zero in the case of parallel type. 

 
image-related ISO standards[7], that is 200 or more pixels 
across an iris. The system’s operating range is 0.4m to 0.9m.  

In this article, offsety  compensation equation is derived 
and experiment is conducted with one camera (640x480 
pixels) to show that the equation is valid. In the experiments, 
the equation is validated over distance range from 1.1m to 
1.5m.  

II. Tilt Angle Compensation for Parallel 
Configuration 

In NFOV and WFOV camera are fixed in a line vertically, 
coordinate difference between image centers exists only in Y-
axis. The difference is defined as offsety as shown in Fig. 2. It 

is measured in NFOV image coordinate system. It decreases 
as the distance between the subject and camera increases. 
Additionally, it is influenced by the distance between WFOV 
and NFOV camera.  

Let d denotes the distance between WFOV camera and 
subject, T is displacement vector of WFOV camera center 
with respect to NFOV camera center. f denotes  NFOV’s focal 
length. Fig. 3 shows the relation between NFOV and WFOV 
camera. 
P T n ( , , )x x y y z zd T d n T d n T d n= + ⋅ = + ⋅ + ⋅ + ⋅   (1) 

The line from NFOV’s center to a 3D point P(X, Y, Z) 
intersects with the image plane of NFOV at a point p(x, y). In 
this case, z-coordinate of p(x,y) is f. 

( , ) ( , , )p x y k X Y Z= ⋅P             (2) 

( )Z Zk T d n f+ ⋅ =   

 
Figure 3: Modeling of offsety . In NFOV’s image plane, the 

point P (X, Y, Z)’s image is p(x, y).  
 
Therefore, the k is 

Z Z
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                     (3) 

By inserting (3) and (1) into (2) 
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          (4) 

When displacement T has only y-component B and tilt 
angle, θ, is zero, cameras are fixed in perfect parallel 
configuration. B is the distance between cameras. Then we 
derive the compensative value offsety . 

As two camera’s x-axis is the same. 
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            (5) 

offsety  is difference between y-axis coordinates of two 
camera’s center. 
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As the angle between two optical axes is assumed to be 
zero. 

offset
f By
d
⋅

=                (6) 

With (6), it is recognized that the offsety  is inversely 
proportional to d and proportional to B. Thus, as the distance 
d increases then offsety  decreases. Inversely, as the distance B 

increases then offsety  increases. 
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 (unit : pixel)  

Table 1: offsety  measured by experiment and calculated by equation (6) at several distances. 
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Figure 4:  Variation of  offsety  due to distance B in    Figure 5: Variation of offsety   due to distance d in 

50mm  
1100mm distance d.      distance B.  

III. Experimental Results  
1 1 1
f u v
= +               (7) 

v mu=               (8) 

1
muf

m
=

+
               (9) 

The compensation target offsety  is affected by distance B 
and d. Distance B can be measured by system’s structure. And 
this paper assumes the distance d can be measured accurately. 
Telephoto zoom lens focal length f is calculated by using 
equation (9). In this equation, u is distance between lens and 
subject and v is distance between lens and image. Experiment 
s measured the offsety  while changing B from 50mm to 

150mm and changing d from 1.1m to 1.5m. 

 

3.1 Validation of offsety  equation 

In order to prove (6), a simple experiment is performed. A 
paper with 2x3 grids is captured as shown in Fig. 6. The 
gird’s cell height is 5cm. Two cross-points are regarded as the 
cross-point between two optical axes and a 3D plane 
orthogonal to the optical axes. Therefore, the image 
coordinates difference between the cross-points could be 
regarded as offsety . f is found by (9). In this experiment, as 
wide-angle lens is used, d is almost the same as u. The value 

of magnification m is calculated using two point’s pixel 
displacement in image and physical distance between the 
points. m is 0.006808. Consecutively, f is calculated as 
7.438161mm. This experiment is designed considering that 
capturing a point using two cameras of parallel configuration 
can be replaced by capturing two parallel points using one 
camera.  By using one single camera and grid, offsety  value 

can be obtained more easily.  
In Table 1, Fig. 4 and Fig. 5, the result is shown. In Fig. 4, 

it can be observed that when B is large, offsety  is large, too. 

The two values have a linear relationship. offsety  is inversely 

proportional to distance d. It was already proposed by NLPR 
[3] and was solved by the least square estimate (LSE).  
However, our experiments showed that measured offsety  could 

be different from theoretical value to some degree. In Fig. 5, 
if d is large, offsety  is small. The difference between 
theoretical and experimental value is supposed to be from 
distance measurement error. 

 

3.2 Results and Discussion 
This experiment shows the MSE of this equation is very small. 
In this experiment, low resolution camera(640x480 pixels) is 
used.  The maximum MSE is 1.68% of image plane height. If 
higher resolution camera is used, this percentage is lower. But 

1100mm 1200mm 1300 mm 1400 mm 1500 mm d 
B Exp. By (6) Error Exp. By (6) Error Exp. By (6) Error Exp. By (6) Error Exp. By (6) Error

MSE

50 
mm 46 45.68 -0.32 41 41.88 0.88 37 38.65 1.65 34 35.89 1.89 32 33.50 1.50 3.08

100 
mm 91 91.37 0.37 83 83.76 0.76 75 77.31 2.31 69 71.79 2.791 64 67.01 3.01 4.79

150 
mm 137 137.06 0.06 123 125.64 2.64 112 115.97 3.97 103 107.69 4.69 96 100.51 4.51 8.07
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if the measurement of the distance d includes more error, the 
maximum MSE will be larger; the error of measuring distance  

 
Figure 6:  Single camera’s view that is capturing the grid 
image.  This is the same capturing single point using two 
parallel structured cameras. 

 
Fig 7:  Method of evaluating the effect of distance d error on 

 

 
Fig 8:  Picture of parallel system. 

 
d affects the MSE significantly. If distance d has error, then 

offsety  is evaluated as Fig. 7(in this figure, let 1cm is 200 

pixel, B is 9.4cm and d error is 20cm). The difference of 
intersections that NFOV’s optical axis and image plane at 
1.2m and at 1m is offsety  error. 

IV. Conclusions 
In this paper, research focuses on the offsety , derives the 

compensative equation and compares coaxial system to 
parallel system. Their results are not very different.  If f is 
known accurately and distance between camera and user is 
increasing then offsety  is getting smaller. If d is larger than a 

certain value then offsety  will be small and the change is 
ignorable. If system uses high resolution camera then ratio of  

offsety   to image plane’s height will be very small. Therefore, 
the difference of parallel system and coaxial system could be 
ignored. But conventional iris recognition system uses a 
telephoto zoom lens of which focal length is changed 
considerably. It could be an erroneous factor in parallel 
system but we estimate the focal length by using zoom factor 
markings on the lens’s control dial and curve fitting. 
Although there exist some errors at the end of zoom range, 
the error is small in the intermediate range of lens’s available 
focal length. As the intermediate range is the frequently used 
range. The equation is useful in iris recognition system at a 
distance.  
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