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Abstract 

1
Removing speckles is a key step for accurate pupil location in an iris recognition system. 

This paper proposed an algorithm to detect speckles in pupil area based on 2D Gabor filters 

first. Then the speckles were replaced selectively with the average intensity of a fixed square 

region. Finally, a novel evaluation index was introduced, which improved the pupil location 

accuracy rate of our former pupil location algorithm. In the widely used CASIA v3.0 iris 

database, the pupil location accuracy rate was improved from 97.44% to 99.55%. And in 

several other commonly used iris test databases with less or without speckles, this method 

maintained the former location accuracy. The experimental results show that our algorithm 

has satisfactory performance, robustness and versatility. 
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1. Introduction 

Iris is an annular portion between the pupil and the white sclera (Figure 1. (a)), and 

contains rich textural information [1]. The identity recognition based on iris is widely 

regarded as one of the most promising biometric technologies in the 21st century [2-5]. 

In an iris recognition system, to segment iris area (termed as iris location) is a critical step 

which includes inner location (pupil location) and outer location (iris outer boundary location). 

The accuracy rate of pupil location directly affects outer boundary location, and further 

affects the validity of iris segmentation and the performance of the whole iris recognition 

system. However, due to the impact of image capturing environment, there are often speckles 

in pupil area (Figure 1 (b)). A large number of speckles would affect the accuracy rate of 

pupil location (Figure 1 (c, d)) dramatically. 

In view of the importance of pupil location, many experts have done a lot of researches on 

it. Daugman [2] used the integral-differential operator to locate the pupil. By changing 

integral paths, the search operator could detect the circle with the biggest change of average 

intensity. To search for the feeble pupil edge, Daugman [2] adopted a Gaussian smooth 

function with small standard deviation. Wildes [3] used the canny operator to obtain the edge 

information of an image, then used the circle Hough transformation to extract points to fit the 

pupil edge, and achieved pupil location. But neither of the two classical location algorithms is 

suitable to the case of pupil with speckles, as shown in Figure 1 (c-d). 
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Figure 1. (a) The iris between the pupil and the white sclera; (b) An image 
with a lot of speckles in pupil area; (c) The pupil location result by Daugman’s 

method [2]; (d) The pupil location result by Wildes’ method [3] 
 

A large number of speckles would affect the accuracy rate of pupil location, so they should 

be moved out [6-10]. Tieniu Tan et al. [6] chose an appropriate threshold to obtain the binary 

image, and then used bilinear interpolation to fill the specula reflection. However, this method 

only fills reflection roughly, so the bright eyelid areas may be also detected. Walid Aydi etc. 

[7] used a mathematical morphology operator to process the images in CASIA v3.0 iris 

database. After binarization and dilating, linear interpolation was utilized to fill the speckles. 

But they do not consider its validity to the pupil location. 

Our former iris location algorithm was fast and robust [4, 5], but CASIA v3.0 iris database 

was not been published at that time, so it did not take full account of the pupil with a large 

number of speckles. Now, the CASIA v3.0 database is available, in order to improve the 

adaptability of our location algorithm, the former method should be improved.  

This paper selected the real parts of four 2D Gabor filters with equal size and different 

directions to filter an image respectively, and then superimposed the four filtered images to 

find all possible speckles. And then they were replaced with their surrounding average 

intensities in the original image. Finally, the Gaussian smooth function was utilized for the 

filled image, which is a necessary step for gradient-based location algorithm [2], and the pupil 

location was carried out on the smoothed image. 

This paper consisted of three parts: at first the 2D Gabor filter was described, whose real 

part is especially suitable for finding the speckles in pupil area. After finding candidate 

speckles, they were selectively replaced by the average intensities of the square areas centered 

with the corresponding speckle. In the final part, we introduced an evaluation index to 

improve former location algorithm further. The experimental results showed that the speckle 

removing algorithm was very effective, and it improved the accuracy rate of pupil location 

from 97.44% to 99.55% in CASIA v3.0 iris database. 

 

2. 2D Gabor Filter 

The mathematical model of 2D Gabor was first proposed by Daugman in [11]. He found 

that 2D Gabor wavelet has good time-frequency resolution characteristic, which is suitable 

for image processing and pattern recognition [12]. The equations of the 2D Gabor filter in the 

space domain are as follows：  
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where g (x, y) is a two-dimensional Gaussian function, s (x, y) is a complex sinusoidal 

function. (x0, y0) represents the position of Gaussian window center, a and b control the width 

and length of the Gaussian window. (u0, v0) defines the frequency ((u0
2
+v0

2
)

1/2
) and direction 

(arctan (v0/u0)) of the modulation. The real and imaginary parts of G(x, y) are shown in 

Figure 2 (a) and (b). It can be found from Figure 2 (c) that the middle area is greater than 0 

and the peripheral area is less than 0, which is similar to the speckles in pupil area. By 

selecting proper parameters, we could make the middle area have similar size with speckles. 

The middle area corresponded to speckles, while the peripheral area corresponded to non-

speckles. We then chose the real part to filter the image, and the pixels with greater value 

were considered as the probable speckles in pupil area. 

 

   
(a) (b) (c)

 

Figure 2. (a-b) The real and imaginary parts of 2D Gabor filter，in which 

x0=y0=0, a=b=15, f=1/15, θ=3π/4; (c) Contour map of the real part 

 

3.  Finding and Removing the Speckles in Pupil Area using 2D Gabor 

Filters 

In order to find the speckles in pupil area, in our study, we filtered an eye image using the 

real part of a 2D Gabor filter first. The pixels in speckles had higher intensity value than 

others, this was similar to the real part of the 2D Gabor filter. So after filtering, the pixels in 

speckles would appear brighter than others. The eyelid areas and their surrounding pixels 

were all in great intensity. So their filtering results were small, and the pixels in eyelid areas 

would not be considered as speckles. To emphasize the possible speckle areas further and 

eliminate the effect from eyelashes, we selected the real parts of four 2D Gabor filters with 

different directions. Subsequently, the filtered results of the four different directions were 

superimposed and normalized to prepare for the following binarization. 

Then, after careful experiments, an appropriate threshold was chosen to get the binary 

image and possible speckles. Because the filtered image was normalized, the threshold could 

be fixed. But some possible speckles might not be detected because of the great intensity 

variance in speckle areas. So we dilated the binary image to expand the speckles using 

octagonal morphological operator so that all speckles could be detected. Dilating operation 

could take some non-speckle area as speckles, but they would be removed in our following 

selective filling stage. The process of detecting the speckles is illustrated in Figure 3. 

To remove the speckles (replaced or filled them with other intensity), we needed to 

determine which pixels were speckles. The pixels which were near to the pupil boundary 

should not be filled. Otherwise, it would affect the accuracy rate of pupil location. For every 

possible speckle, we calculated the average intensity in a square centered with it (counting 

only pixels of the original image which correspond to the black ones in the dilated image). If 

the average intensity in the square was less than 0.5, we could determine that the pixel was in 

pupil area, and then filled it with the average intensity. Otherwise, it might be near to the 

pupil edge. Then we should not fill it. The result after selective filling is shown in Figure 4. 

The filled speckles were not very smooth at the area edge. So the image was processed with a 
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Gaussian smoothing filter. After that the intensity of the filled pixel was replaced with the 

corresponding one in the  

 

dilating

+
binarization

(a)

(b)

(c) (d) (e)

superimposingfiltering

  

Figure 3. Detecting the speckles (a) The original image; (b) Four filtered 

results with the real parts of 2D Gabor filters in the directions of 0、π/4、π/2、
3π/4; (c) Superimposed result of the four filtered images; (d) Binary result of 

the superimposed image; (e) Dilated result of the binary image 
 

(a) (b) (c)

filling replacing

 

Figure 4. Removing the speckles (a) The original image; (b) The result after 
filling selectively the speckles in pupil area; (c) The result after replacing the 

filled pixels with corresponding ones in the smoothed image 
 

smoothed image. And then we could get the final eye image with speckles in pupil area being 

removed selectively. 
 

4. Pupil Location After Removing Speckles 

The pupil boundary can be regarded as a circle. Pupil location is to determine the center 

and radius of the circle [4, 5]. It is a key step for iris recognition. The location accuracy rate 

would affect directly the performance of an iris recognition system. An excellent pupil 

location algorithm should be fast, accurate and universal. It should also tolerate speckles and 

eyelash occlusion.  

After filling the speckles in the pupil area, we referred to our former location method [4, 5] 

(as shown in Figure 5). First, we divided the filled image into a number of small squares with 

a fixed size. And the one with the minimum average intensity was detected. Then, we used 

the minimum average intensity with a correction value as the threshold to get binary filled 

image (removing the speckles in pupil area). To eliminate possible eyelashes near the pupil 

and some possible speckles in the pupil, we adopted the processing of erosion and seed filling 

of mathematical morphology [4, 5]. At last, we expanded subtly the detected square in the 

binary image to get four pupil boundaries (i.e. top, bottom, left and right). And then the center 

and the radius of the pupil could be calculated according the four boundaries. 
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Figure 5. The pupil location (a) The eye image; (b) The image after removing 
speckles; (c) The divided image; (d) The square with the minimum average 

intensity; (e) The binary filled image; (f) The process of expanding the binary 
image with the referred square; (g) Calculating the center and the radius of the 

pupil; (h) The pupil location result 
 

In order to improve our former location algorithm [4, 5] further, we introduced an 

evaluation index. To reduce the impact of intensity variation in the pupil area, we added 

respectively four correct values on the threshold in binary processing. Therefore four location 

results were gotten from the same image. Next step was to select the relatively accurate one. 

In each case, we calculated the average intensity (i.e. innerk) within a circular area whose 

center and radius were the pupil center and the pupil radius in the binary image (the circular 

area in Figure 6). And then we calculated the average intensity (i.e. outerk) within a square 

whose center and side length were the pupil center and the pupil diameter (the shaded area in 

Figure 6). Their mathematical expressions were given in (5) and (6). 
 

(4) 

 

 

(5) 

 

 

(6) 

 

    

where k=1, 2, 3, 4. Ii (x, y) was the intensity of the pixel in the circle area in the binary 

image and Io (x, y) was the intensity of the pixel in the shaded area. When Dk in (6) was 

the maximum one under the k
th

 location result, the corresponding center and radius were 

considered as the final location results. The process is shown in Figure 7. 

In our former method [4, 5], choosing the divided block size is crucial. If there are many 

speckles in pupil area, the smaller block would fall into the surrounding of the speckles in 

pupil area when it is used to find the four pupil boundaries by extending its edges towards 

four directions. In this situation, we should choose a larger one in case the block having the 

minimum average intensity fell into the surrounding of the speckles in the pupil area. 

However, if we use a too large block size, the block with the minimum average intensity may 

be not in pupil. And we could not use it to detect the pupil. In order to improve the versatility 

of our pupil location algorithm, four different sizes were selected to divide the filled images. 

We then located respectively the pupil in the same image, apply the evaluation index again. 

And the most accurate pupil location result could be gotten from 16 location ones, as shown 

in Figure 8. 

kkk innerouterD   

2

),(

r

yxI
inner

i

k





 

224

),(

rr

yxI
outer

o

k





 



International Journal of Hybrid Information Technology  

Vol. 5, No. 2, April, 2012 

 

 

62 

 

 

Figure 6. The average intensity innerk in the circle and the average intensity 
outerk in the shaded area 

 

removing binarization

locating

locating

locating

locating

evaluating

(a) (b)

(c) (d)

(e)

 

Figure 7. The process of applying the evaluation index under a fixed size (a) 
The original image; (b) The image after removing speckles in pupil area; (c) 

The binary filled images, the threshold values are the smallest average 
intensity plus four correction values (12, 20, 28 and 36); (d) Four pupil location 
results based on the corresponding binary images; (e) The pupil location result 

after applying the evaluation index 
 

dividingremoving evaluating

evaluating

evaluating

evaluating

evaluating

(a) (b)

(c) (d)

(e)

 

Figure 8. The process of applying the evaluation index under four sizes 
(a) The original image; (b) The image after removing speckles in pupil 

area; (c) The divided filled image with 10, 20, 30 and 40; (d) The location 
result after applying the evaluation index; (e) The final pupil location result 

after applying the evaluation index again 
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5. Experimental Results and Discussion 

In our experiments, we selected the widely used CASIA v3.0 iris database [13], 

which consists of three subsets, and has a total of 22051 iris images coming from more 

than 700 subjects. The images of subset1 have rich textural information. Subset1 

includes CASIA v1.0, but with a large number of speckles in pupil area (as shown in 

Figure 1 (b)). The subset2 introduces more intra-class variations by turning on/off a 

lamp nearby subject, and is used to study non-linear deformation model of iris pattern. 

Subset3 includes images from 100 pairs of twins, and it is mainly used to study the 

relationship between the iris and the gene. We chose the widely used subset1 [7, 9] to 

evaluate the proposed speckles removing method. 

 
by the former method

by the improved method  

Figure 9. The Pupil Location Results Before and After Removing the 
Speckles 

 

To illustrate the effectiveness of the proposed speckles removing method which 

improved the accuracy rate of pupil location, we had done a lot of comparing 

experiments on the pupil location results before and after removing speckles, as shown 

in Figure 9 (for clarity, the images are cut appropriately). It could be seen that, due to 

the speckles in pupil area, false pupil boundaries sometimes were found in the 

expanding process of our location method [4, 5]. It caused directly the failure of pupil 

location. Because considering the speckles in pupil area and filling selectively them in 

our new proposed algorithm, the disturbance of speckles was effectively reduced. So we 

achieved the purpose of accurate pupil location. 

With the proposed algorithm, the accuracy rate of pupil location could reach 99.55% 

in CASIA v3.0 iris database. It could be seen from Figure 10 that the algorithm had a 

good performance for images with various speckles in pupil area (Figure 10 (a) - (c)). 

But when the upper or lower eyelid covered the iris too severely, the pupil itself lacked 

of boundary information. In this case, our algorithm was not able to locate the pupil 

accurately (Figure 10 (d)). When too many speckles were near the pupil boundary, our 

method possibly did not determine whether it was within or outside the pupil (Figure 10 

(e)). In addition we regarded the pupil boundary as an ideal circle, but not all the 

boundaries were similar to circles, in these cases the proposed method could not find a 

circle to fit completely the pupil edge (Figure 10 (f)). But the extent of non-fitting was 

small for available eye images. 
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(a) (b) (c) (d) (e) (f)

 

Figure 10. The pupil location results in CASIA v3.0 (a-c) Excellent pupil 
location results by our improved method; (d) Failure because of serious 

occlusion by the upper eyelid; (e) Failure because of too complex speckles; 
(f) Failure because of the irregular pupil shape 

 

 

Table 1. The Pupil Location Accuracy Rates Before and After Removing 
Speckles in Several Iris Databases 

 
CASIA v3.0 

[13] 

CASIA v1.0 

[16] 
Bath [14] 

MMU v1.0 

[15] 

Database capacity 2655 756 1000 450 

Speckles in the pupil 
with a lot of 

speckles 

without 

speckles 

with less 

speckles 

with less 

speckles 

Location accuracy using 

the former method [4] 
97.44% 99.60% 100% 99.56% 

Location accuracy using 

the improved method 
99.55% 99.60% 100% 99.56% 

 

 

 

 

 

 

 

 
(a) (b) (c)

Bath
MMU 

v1.0

CASIA 

v1.0

 

Figure 11. (a-b) The pupil location results in Bath; (c-d) The pupil 
location results in MMU v1.0; (e-f) The pupil location results in CASIA v1.0 

 

The pupil location accuracy rates in different iris databases were shown in Table 1. 

In the table, with the help of the proposed method of removing speckles, the accuracy 

rate of pupil location in CASIA v3.0 was improved effectively. In the Bath [14] and 

MMU v1.0 [15] iris databases, there are only some small speckles in pupil area, and the 

images in CASIA v1.0 [16] have no speckle with manual processing [17]. The former 

pupil location algorithm has certain ability of anti-speckles. So the improved algorithm 
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could not improve significantly the accuracy rate of pupil location. Some sample 

images of pupil location in different iris databases were shown in Figure 11. 

 

6. Conclusions 

This paper proposed an algorithm of removing speckles by combining 2D Gabor 

filters and morphological techniques. Because only the speckles in pupil area are 

removed, the inaccurate pupil locations caused by speckles in it are reduced greatly. In 

order to enhance the robustness of our location algorithm, a pupil location evaluation 

index was introduced. The experimental results in CASIA v3.0, Bath, MMU v1.0 and 

CASIA v1.0 iris test databases show that the proposed algorithm can improve 

effectively the accuracy rate and robustness of the pupil location.  
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