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Abstract. Pupil location is one of the key steps for iris location as pupil boundary corresponds to iris 
inner boundary. But uneven illumination affects the segmentation result heavily. The pupil region is 
the darkest part in most of the images, but it’s not the only part. The proposed algorithm is based on 
the grayscale features and the prior that the pupil of humans is approximate circle. Firstly, the eye 
image binarization is achieved and the coarse positioning of the pupil region based on the grayscale 
features is obtained. Then, the outer boundary of the coarse positioning region is taken as the initial 
contour of the VFC snake model and iterates for a few times. Thirdly, a round curve is gained by 
using least squares circle fitting algorithm for the curve contour points, and serve as the new initial 
contour to iterative again. Finally, repeating the third step until the curve moved to the pupil edge. A 
large number of experiments demonstrate that proposed algorithm gives accurate result for most of 
the CASIA-Iris-Lamp images. 

Introduction 

Biometric authentication technologies, such as fingerprint recognition, face recognition and iris 
recognition, become more popular. While among them, iris recognition is the most accurate and 
stable one. Iris location is the first and vital section of the iris recognition. Pupil location is also the 
key step for its edge as the inner side of the iris location.  

Many researches have been done multiply on the iris location algorithm, and some of them are 
widely acknowledged. Daugman proposed an algorithm using discrete 2D Gabor[1,2] and his iris 
recognition system has practical high-performance. Not long after, Wilders proposed a new algorithm 
combining edge detection with Hough transform[3], but this algorithm needs a high computation 
complexity.  Wang used the least square fitting algorithm for iris location[5] and Ye puts fast iris 
location based on grayscale features of the pupil[6]. All these algorithms achieve good results when 
the eye images are with few noises. But when there are light sources during iris image acquisition, 
directly using these algorithms will not be able to get desired results.     

The VFC(vector field convolution) Snake model proposed by Bing Li and Scott T. Acton is a kind 
of active contour model(known as snake model)[7]. We can obtain a closed contour on the pupil 
boundary. Compared to other snake models, this model not only reduces the computational cost but 
also has superior robustness to noise.   

We focus on the iris database of CASIA-Iris-Lamp which is a child library of the CASIA-IrisV3 
acquired by Chinese academy of sciences, and the bright spots generated by the light sources are 
useful if locating in the pupil. We get the rough location of the pupil based on the grayscale features, 
and achieve the precise location of the pupil combined the characteristics of pupil as a nearly circular 
with VFC Snake model.   

Background  

Parametric Snake Model. Parametric Snake Model or the active contour model is a closed curve 
combined by a certain number of control points which can move under the influence of the internal 
force and the external force until the energy functional would not change and the curve is on the edge 
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of our interest. The internal force is associated with the curve itself and ensures the continuity and 
smooth, while the external force is mainly derived from the image and makes the curve move to the 
boundary or other features within an image[8].  

A traditional snake is parametrically represented as v(s)=(x(s),y(s)) s∈[0,1], and the energy 
functional could be written like this: 
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The internal force is unique represented as: 
 

Eint= 2/)|)(|)(|)(|)(( 22 svssvs sss βα +  .                                                                              (2) 
 
 While different snake model corresponds to different external force, the snake model energy 

functional became 
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A snake model should satisfy the following Euler equation: 

 
0)()( '''''' =∇−+ extEsvsv βα .                                                                                                         (4) 

Fint= )()( '''''' svsv βα + .                                                                                                                      (5) 
Fext= extE∇− .                                                                                                                                   (6) 
Fint+ Fext=0.                                                                                                                                        (7)  
 
Fint represents the internal force, and Fext represents the external force. When the curve moves to 

the edge of the interest, when Eq.7 established, the curve stops moving. 
VFC Snake Model. The vector field convolution (VFC) snake model was proposed as a class of 

edge-based static external forces to replace the traditional one. The novel external force is defined by 
convolving a vector field kernel with the edge map[7]. The vector field kernel is represented as 
k(x,y), 

 
k(x,y)=m(x,y)n(x,y).                                                                                                                       (8) 
 
Where m(x,y) is the magnitude of the vector at point(x,y), and n(x,y) is the unit vector from 

point(x,y) to the kernel origin (0,0).  
The VFC external force is calculated by the formula 
 
Fvfc(x,y)=[uvfc(x,y),vvfc(x,y)]=f(x,y)*k(x,y).                                                                                      (9) 
 
And ‘*’represents the convolution symbol. 
The new Euler equation is  
 

0),()()(v '''''' =++ yxFsvs vfcβα .                                                                                                    (10)         
 
Fint represents the internal force, and Fext represents the external force. When moving to the edge 

of interest, the curve stops moving. 
Image Features. Generally, the pupil region has several characteristics.(1)The gray levels are 

lower than the surrounding regions.(2)The gray levels are mostly like to be the lowest in the 
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image.(3)The gray levels are nearly on the same level among the region.(4)the pupil is a circular 
approximately.      

But for images collected in this library using an iris sensor with a lamp turned on, As we can see 
in Fig.1 which is some of the image from CASIA-Iris-Lamp image database which is the child of 
CASIA-IrisV3[13] , the lamp projects in the eyes and forms bright spots in the eye images. This 
would make the middle region looks brighter than the surroundings. In order to reduce the influence 
of iris texture, the bright spots projected by the lamp (BSL for short in this paper) have better in the 
pupil region, but we can’t make sure of it. The only thing we are sure is that at least one BSL are in the 
pupil and their position relationship is determined.          

There may be other regions as dark as the pupil region, and BSLs are always not the only brightest. 
But the BSLs in the pupil region can be easily found. 

 
         Fig.1. CASIA_Iris_Lamp image 

Pupil Location  

A flow chart has drawn to express our algorithm. 

 
     Fig.2. Flow chart of our algorithm 

Image Binarization. The ideal binary image is the pupil region as foreground and other regions 
as background. But it’s hard to be achieved.  

Based on the prior knowledge that the pupil region has the lowest gray level, we introduce the 
minimum average gray value algorithm and divide every image into small regions with N pixels in 
width and N pixels in height. The image is scanned with the direction of row with every part as a unit, 
and the mean gray levels of every region were computed with the following formula  
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Meanwhile, all the mean gray levels along with their position were saved into a vector.   
The following steps are finding out the regions with the smallest mean gray level or in a small 

range, and marking these regions on a new binary image, as shown in Fig.3.      
 

Ellipse fitting  
as the next initial curve The curve is on the 

pupil edge end 

VFC snake iterate for several times Get the coarse pupil location 

Binarize the image Get the position  
of the bright spots 

Start Input the IRIS image 

YES NO 
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               Fig.3. Binary image                   Fig.4. Bright spots     Fig.5. Coarse position with circular 

curve 
Pupil’s Coarse Location. Bright spots including the BSLs are always thought of noise, so 

previous papers would like to eliminate them directly. While bright spots have the highest gray levels 
which are 255 or close to 255, we can find them easily. If the ones in the pupil region were found, the 
pupil’s location also can be confirmed. Scanning the original image to positon all the bright spots, and 
estimating whether their surroundings were the foreground in the binary image to find the BSLs 
located in the pupil region. As shown in Fig.4, the three spots in the red rectangle is the BSLs, others 
are noise spots.  

As the positons of the BSLs in the pupil are sought out, we can give the coarse location of the 
pupil. The steps can be described as follows, (a)Find the edge points of four directions and build a 
rectangle; (b) scan the binary image From the middle of the rectangle until the pupil edge and denote 
the left and right edges by Xle and Xrg;(c) scan the vertical direction at X=1/2(Xle+Xrg), from the 
middle of the rectangle in vertical direction until the edge of the pupil, and denote the top and bottom 
edges by Ytp and Ybt;(d)label the pupil region as circular, and calculate the center coordinates as 
well as the radius: 
 

Xc=(Xbt+Xtp)/2.                                                                                                                             (12)   
Yc=(Yrg+Yle)/2.                                                                                                                           (13) 
R=((Xbt-Xtp)+(Yrg-Yle))/4.                                                                                                         (14) 

 
After these steps, as shown in Fig.4, a circular curve which is the coarse edge of the pupil has been 

obtained. What we can know from Fig.5 is that the coarse location of the pupil is correct basically, but 
not accurate. 

Pupil’s Accurate Location Based on VFC. Using the vector field convolution as the external 
force, we have to consider not only the vector field kernel but also the edge map. Edge map values 
have the character of being larger when closer to the edge of interest. For reason of keeping the edge 
information better, we choose the Canny edge as the edge map. 

The circular curve generated in the section 3.2 is the initial curve of the VFC Snake model. But 
there are two exceptions. The first one is with the noise caused by the eyelashes or eyelid and the 
complexity of the texture distribution within the iris, if we use the VFC Snake model without any 
improvement, the snake curve could not move to the pupil edge (shown in Fig.6(a)). While the second 
one is that the BSLs may locate on the edge of the pupil, we could not obtain the real edge of the pupil 
with the original VFC snake model (shown in Fig.6(b)).  

                   
                                     (a)                                                                  (b)             

Fig.6. The results with original VFC Snake Model: (a) the first exception; (b) the second exception 
In view of the above consequences, we need to do some improvements to make the algorithm 
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much better for these situations. The prior information that the pupil is a circular approximately can 
help to form the constraint to the snake curve, and by adopting the combination of the region 
extraction and circle fitting algorithm, the snake curve is able to cross some certain noises. Concrete 
expression of the algorithm: First the initial circular curve moves under the VFC external force; Then 
after a certain number of iterations, use the curve control points do the least square circle fitting and 
obtain a new circular curve as new initial curve for the next round VFC Snake model iteration, do the 
iteration of this step until the curve is the edge of the pupil.  

Experimental Results  
This experiment is carried out on the iris database collected by the Chinese academy of science 

called CASIA-Iris-Lamp. In this database, image can be divided into the following situations based 
on the position relationship between BSLs and pupils.  

(1)When three BSLs are all in the pupil, the results are shown in Fig.7. 

   

   
(a)                                   (b)                               (c) 

Fig.7. (a) the initial contours used our algorithm, (b) the results using traditional VFC snake model 
and (c) the results using our algorithm. 

(2)When only one or two BSLs are located in the pupil, the results are shown in Fig.8. 

         
         (a)                                                                    (b) 

Fig.8. (a) the initial contour                                  (b) the results of our algorithm 
(3)When some of the BSLs are on the edge of the pupil, the results are shown in Fig.9. 

   
(a)                                (b)                               (c) 

Fig.9. (a) the initial contours used our algorithm, (b) the results using traditional VFC snake model 
and (c) the results using our algorithm. 
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In this experiment, we compare our algorithm with the traditional VFC snake model with the 
same initial contour on every image and show the results. 

From the figures above, we can see that this algorithm can get the correct boundaries for all these 
cases, while when there are noises such as eyelids and when the BSLs are on the edge of the pupils, 
the VFC Snake model without improvement can’t get the correct edges. Our algorithm is more robust 
than the VFC Snake for this image database. 

Conclusion 
The proposed algorithm in this paper makes full use of prior knowledge about images in the 

database of CASIA-Iris-Lamp. We use the grayscale features about the pupil region and the BSLs as 
the basic of getting the coarse positon of the pupil, and make its border curve as the initial curve of 
VFC Snake model achieving completely automation. Human pupil approximately round as a shape 
prior can help improve algorithm’s noise resistance. Our algorithm can achieve the correct extraction 
of pupillary border without filling the bright spots. The accuracy of proposed algorithm lays a good 
foundation for the extraction of the outer boundary of IRIS. However our algorithm is unable to 
implement the correct segmentation of the pupil for cases such as the eyelids coving large pupil 
region, it will be improved our algorithm in our follow-up research. 
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