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Abstract 

In order to reduce the eyelash influencing on iris recognition rate, an eyelashes 

detection algorithm is proposed based on adaptive threshold. Based on the iris 

localization, gray morphological operation is used to accurately localize eyelids. 

According to the gray distribution of the parabolic pixel point after the upper eyelid 

parabolic moving down, the adaptive threshold is used to segment the eyelashes. The 

experimental results show that compared with the traditional eyelash detection algorithm, 

it is not necessary for the algorithm to set up more parameters, which embodies the 

simplicity to maximize the results of eyelash segmentation. 
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1. Introduction 

People’s random development before their birth caused some differences in iris 

organization structure. Through a large number of observations, developmental biologists 

found that when iris is fully developed, it is not changeable with stability in the whole life 

[1]. Iris diameter is about 12 mm, with 0.5 mm thick, but its root is the thinnest. Iris 

surface is not flat, with wrinkles and depressions. The depressions are also known as 

fossae. The distribution of blood vessels in the iris is unevenness, which makes iris 

surface appear many radiate stripes. It contains many interlaced subtle features which are 

similar to the spots, filaments, coronary, stripe, and fossae, which constitutes so-call the 

iris features. The iris recognition uses the rich texture of the iris surface information, as 

an important identification character. Figure 1 shows the structure of the iris and its 

texture. 

Iris identification mainly includes: the iris image acquisition, the iris localization and 

noise detection, the iris feature extraction, matching and identification steps [2]. Since 

1993 the iris feature identification technology was realized for the first time. Iris 

localization research has mainly concentrated on the boundary detection of the iris, part 

involved in simple shade eyelids and eyelashes detection. After iris localization, the rest 

of iris area still has the noise interference from the eyelash and eyelid, so that the 

available iris features are significantly reduced. How to quickly and accurately detect the 

noise is a hot and difficult research topic of the iris image processing. Eyelashes in the 

images of the human eye are the most complicated, which makes the accurate detection 

become the most difficult. It is reported that more efficient algorithm is Kong’s eyelashes 

detection method [3] based on one dimensional Gabor filter and the neighborhood 

standard deviation. One dimensional Gabor filter is more effective to detect the sparse 

distributed eyelash, while the neighborhood standard deviation is more effective to detect 

pieces of thick eyelashes. However, this algorithm needs set the more parameters. 

Masek [4] used the different characteristic of eyelash with surrounding iris gray to set 

threshold elimination. This method is simple, but the fixed threshold can remove the real 

iris texture. Zhang [5] used the gradient direction of one dimensional median filter for 

filtering eyelashes candidate area. The direction of gradient and the perpendicular 

characteristics of the growth direction are used for detecting the eyelashes. Jang [6] et. 
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al., used linear detection template for the detection of the eyelashes. In general, due to the 

diversity of eyelash distribution, there is no special comprehensive effective eyelashes 

detection algorithm. Masek method is used to detect the eyelids and eyelashes as shown 

in Figure 2. The black area is detected to obtain the area of the eyelids and eyelashes. 

 

 

Figure 1. The Iris and its Texture 

 

Figure 2. Masek Method 

To effectively suppress the interference of the eyelash noise to the iris recognition, the 

adaptive threshold is used to detect the eyelashes based on the grey statistics of the iris 

area image. The experimental results show that the proposed eyelash interference 

detection algorithm is effective, simple to maximize the detection of the eyelashes. 

 

2. The Iris Localization and Smooth Denoising 
 

2.1. Iris Localization 

Iris localization means localizing iris internal edges (pupil edges) and iris external 

edges. Because in the image acquisition phase, image obtained usually contains the entire 

eye area, it is necessary to segment the iris from the human eye image, which is a key 

link in the process of the iris recognition system. The accurate iris localization is the 

premise to realize the authentication and recognition of the people. The localization of 

the iris [7] is usually divided into the following three steps: smooth denoising of the iris 

image, determining the circle and the radius of the internal edge of the iris, and the circle 

and the radius of the external edge of the iris, which is shown in Figure 3. 
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Figure 3. The Iris Localization 

2.2. Iris Image Denoising 

Because the iris images obtained are interfered by different noise, the iris images need 

be smoothed before the iris boundary localization to remove some trivial details, the gap 

of the bridge straight line or the curve. Smooth processing can be done in the spatial 

domain, or in the frequency domain. Airspace smooth uses spatial smoothing filter to 

filter and smooth image, while the smooth of the frequency domain uses the character of 

the noise in the high frequency in Fourier transform of the image [8], through domain 

filter attenuation reducing high frequency part of Fourier transform frequency to achieve 

the image smoothing. If the size of the space filter is larger, the big convolution 

computation will choose frequency domain smooth to save time. The proposed algorithm 

selected the small scale spatial filter to smooth, so that to smooth the iris image is done in 

the airspace. The Gaussian smoothing filter template with the size of 3×3 is commonly 

used as shown in Figure 4. 

 

 

Figure 4. Gaussian Smoothing Filter Template 

The filtering effect is shown in Figure 5 by using Gaussian smoothing filter. 

                      

(a)  The iris image                  (b) The effect of Gaussian smoothing filter 

                                 Figure 5. The Effect of the Denoising of the Iris Image 
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2.3. CASIA Database 

In the research field of the iris recognition, CASIA iris image database of Institute of 

Automation of Academia Sinica is the most widely used [9] and the algorithms of the 

proposed algorithm are experimented based on CASIA iris image database, mainly 

because the sample images are mainly from Asian, which is close to the actual situation 

of our country’s race. In addition, Ubiris databases have more complex sample quality. 

UPOL iris image library has clear iris texture, MMU iris image library, Bath iris image 

library, ICE iris image library and WVU iris image library, etc. CASIA iris image 

database is divided into three versions, as shown in figure 6. The collection devices are 

independently researched and developed by the Chinese academy of sciences by using 

near infrared light source, and the image is 8 bit gray image. In this study, research work 

is based on the CASIA V 1.0 and CASIA V 2.0 version. 

                   (a) Version 1.0                          (b) Version 2.0                            (c) Version 3.0 

Figure 6. CASIA  Iris Image Library 

3. Iris Eyelid Detection 

As the iris recognition system is not aggressive in the process of gathering image, the 

noise of the iris image acquisition mainly is from the eyelid, the eyelash and speckle 

interference [10]. If the noise is not removed, it will be mistaken for the iris texture 

feature, which affects the performance of iris recognition system. The grey value of the 

light spot area is much higher than the surrounding gray, which is generally separated by 

the fixed threshold. To remove the interference of the eyelids, first of all, the gray 

morphological operation is used to remove the influence of the eyelash and the light spot 

in the eyelid area; Then, the edge points are extracted based on the gray characteristics of 

the edge of the eyelid, and the least square method is employed to fit upper and lower 

eyelids to edges points. Finally, the precise localization of the eyelid edge is performed. 

The results of eyelid accurate localization are shown in Figure 7. 

 

 

Figure 7. The Eyelid Accurate Localization 
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4. The Algorithm of the Eyelash Detection 

After the eyelid localization, the effective area of the iris is segmented, which often 

exists the eyelash interference on the edge of the upper eyelid. Some thin and short 

eyelashes may be mistaken for the iris texture, but the detection of eyelash will not have 

significant influence on the iris recognition like iris inner and outer edge positioning [11]. 

In order to improve the speed of the eyelash detection, the eyelash gray level is lower 

than the iris gray, which will be used to segment the eyelash of iris area by the adaptive 

threshold value method. In Figure 8 (a), the algorithm of the eyelid localization is used to 

position the upper and lower eyelids. To test the robustness of the eyelid localization 

algorithm, the CASIA (version 2.0) with the resolution size of 640 × 480 pixels in the 

Chinese academy of sciences iris database which is closer to the actual application is 

used in the proposed algorithm. Figure 8 (b) shows the iris region segmented according to 

the results of the iris localization and eyelids detection results. 

The parabola of the upper eyelid is moved certain pixel c , and ensures that parabola 

and pupil area have no intersection point, through analyzing the gray value the pixel point 

on the parabola. Figure 8 (c) shows the distribution of gray values of pixel points on the 

parabolic when c takes different values. Because the grey value of the eyelash is lower 

than that of the surrounding iris, the minimum value point in the distribution is 

corresponding to the pixel points of the eyelash image. The sequence of the gray 

histogram minimum is set {T1, T2,…, Tn}. The gray value between the minimum and the 

adjacent wave should be greater than T , and the c 1 corresponding eyelash detection 

threshold is T△c. T△c takes the maximum in {T1, T2,…,Tn}. When c  takes different 

values, { c 1, c 2 ,…, c n} corresponds to a series of eyelash detection threshold{T△c1, 

T△c2,…, T△cn }, and ultimate eyelash detection threshold Teyelash takes the maximum 

in{T△c1, T△c2,…, T△cn}, where T =15. The result of the eyelash test is shown in Figure 8 

(d), and the eyelash is separated to a great extent, but some subtle eyelash endings are not 

detected. 
 

                                        

(a) The results of the eyelid position                                   (b) The Iris area 
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(c) The gray distribution of the parabolic 
 

 

(d) The results of the eyelash test 

Figure 8. The Process of the Eyelashes Detection 

5. The Results and Analysis of the Experiment 

To test the performance of the proposed algorithm, each eye image is chosen as one 

sample from 108 human eye images of CASIA V1.0, and there are a total of 108 human 

eye images. From 60 eye images of device1 iris database of CASIA V2.0, each eye 

image is selected as two sample images, and there are a total of 120 human eye images. 

Based on the above different iris samples selected from the database, after the iris 

localization and the eyelid detection, the eyelash experiments are done. In the proposed 

algorithm, the eyelashes detection algorithm and the algorithm in the literature [3], the 

subjective accuracy and consuming time are compared as shown in Table 1. 

Table 1. Eyelish Detection Performance Comparison of the Proposed 
Algorithm with Literature[3] 

Algorithm         Subjective accuracy /%   Average time/s   The fastest time/s  The slowest 

time/s 

Literature[3]                     91.7                            0.9                         0.82                      0.94 

the proposed algorithm          94.1                             0.7                        0.66                      0.90 
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Figure 9 shows the test results of the eyelash detection algorithm by the proposed 

algorithm based on the CASIA V 1.0. 

 

           

(a) The result of iris 
location                

(b) The iris area            (d) The result of the 
eyelash test 

Figure 9. The Test Results of the Eyelash Detection 

6. Conclusion 

The eyelid and eyelash detection is of great significance to improve the iris 

recognition. The gray morphological operation is employed to locate the eyelid detection. 

This algorithm reduces the three dimensional searching space of the traditional algorithm 

to one dimension, so that the speed is improved significantly. Compared with the 

traditional algorithm, the eyelid hair detection algorithm is used for the eyelash threshold 

segmentation of the adaptive generation, which does not need to set up more parameters, 

and embodies the simplicity, and can segment effectively the eyelash in maximization to 

the improved further aspects: to seek for adaptive structure elements, in the gray 

morphological operation, the palpebral eyelash interference can be better removed. The 

adaptive generation algorithm of the threshold is improved, to better detect subtle eyelash 

endings. 
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