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Iris recognition has been around for many years due to an extensive research
on the uniqueness of human iris. It is well known that the iris is not similar to
each other which means every human in the planet has their own iris pattern
and cannot be shared. One of the main issues in iris recognition is iris
segmentation. One element that can reduce the accuracy of iris segmentation
is the presence of specular reflection. Another issue is the speed of specular
reflection removal since the iris recognition system needs to process a lot of
irises. In this paper, a specular reflection removal method was proposed to
achieve a fast and accurate specular reflection removal. Some modifications
were implemented on the existing pixels properties method. Based on
the results, the proposed method achieved the fastest execution time,
the highest segmentation accuracy and the highest SSIM compared
to the other methods. This proves that the proposed method is fast
and accurate to be implemented in the iris recognition systems.
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1. INTRODUCTION

Iris recognition is one of many biometric systems [1] that use human body for human identification.
The examples of biometric systems are DNA, face, ear, palmprint, fingerprint and many more. The iris
recognition system uses human iris as an object or token for human identification and verification. The iris
is located in the eye, between the sclera (limbic boundary) and pupil (pupillary boundary). Sclera is the white
part of the eye, while pupil is the black circle at the middle of the eye. Human eye is also surrounded by
eyelids [2] and eyelashes in order to protect the eye from the dust and particle that can cause interference to
the eye. According to the researches, the iris has a high recognition accuracy [3, 4]. The iris recognition
is easy to use [5] since it can be captured using camera and video. The iris pattern located in the iris is very
stable [6] and does not change during our lifetime [7]. The real-time applications of iris recognition system
can be seen in the UK immigration system, the US police departments, the passport presentation of Schiphol
airport (Netherlands), the UAE border security system and residency permit applications system, the Iraq’s
control points of entry into Fallujah and the Pakistan-Afghanistan border of repatriation centre [8].

The advantage of iris compared to the other biometrics such as it has rich features like crypts,
collarettes, coronas, freckles, rings and arching ligaments which makes it unique with variety [9]. The iris
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also has rich pattern and texture such as ridges, pigment spots and furrows [10]. The longitudinal and radial
muscles formed the structure and texture of iris [11]. Each iris has a high degree of freedom with its own
features [12]. The probability of two same irises is only 1 in 107? [13]. Even the pattern of the right and left
irises are totally different [7]. Other than that, the iris recognition has high security [14] due to the location
of iris itself, protected by the eyelids. It also is so reliable [15] since it cannot be easily lost and forgotten
such as key, token and password.

There are five main stages in the iris recognition system. The first stage is iris acquisition where
the human iris is captured using camera or video. The captured image can be a stand still image or a moving
image. Moreover, the iris can be captured under the near infra-red [16] or visible wavelength [17].
The second stage is iris segmentation. Iris segmentation is crucial in order to isolate the iris from the other
eye elements such as the sclera, pupil, eyelid and eyelash. The pupillary and limbic boundary will be detected
in order to isolate the iris. The third stage is normalization where the isolated iris is converted from
the circular shape into a rectangular polar coordinate. This stage can compensate the changing iris pattern due
to the erosion of pupil [18]. The fourth stage is feature extraction. In this stage, the iris from the rectangular
coordinate is extracted in order to capture its pattern. Then, the iris pattern is encoded into a binary code
which is called as an iris code. Finallly, the iris code is compared with the iris code in the database for
identification and verification.

There are many methods can be used for iris recognition. The most popular methods are Hough
transform [19] and Integro-differential operator [3]. Both methods are considered as the pioneer of iris
recognition. Other than that, the method using only partial part of iris [18] and LoG filters [20] can also be
used for iris segmentation. The iris recognition system itself can be implemented in personal computer [4],
FPGA [21] and GPU [22].

The previous specular reflection removal methods used many different ways to eliminate or reduce
specular reflection. The specular reflection itself can obstruct the rich iris pattern, which can reduce
the accuracy of iris segmentation. Other than that, the iris recognition system needs to process a lot of human
irises. Thus, the specular reflection removal must be fast to process a lot of irises. Moreover, the existing
specular reflection removal methods are time consuming thus not ideal to be implemented in the real-time
system. Due to that, this paper proposed a specular reflection removal method based on the pixels properties
in order to tackle above problems. An improvement and modification of the existing pixels properties method
is conducted to achieve a fast and accurate specular reflection removal.

2.  PREVIOUS WORKS

Specular reflection normally happens during image acquisition either the subject is stand still
or moving by using camera and video. This phenomenon is common because of the source of lighting that
might interfere during the acquisition of image. The source of lighting comes from the sunlight, camera flash,
reflection and any object that can produce light. In iris recognition, the specular reflection can be observed on
the surface of iris, sclera and pupil. Specular reflection might also occur on the pupillary boundary and limbic
boundary. According to [23], specular reflection can reduce the quality of iris pattern. Moreover, it can
contribute to the false and poor iris localization [14]. This happens because of the iris localization depends on
the location of pupil. In the researches in [3, 17-19], the center of pupil is used as a base to segment
the accurate iris region.

Previously, the specular reflection is eliminated with a simple method as in [17]. The authors
proposed an image complementation technique twice and a holes filling technique. According to the authors,
the proposed specular reflection and iris segmentation methods can improve the speed of iris segmentation
algorithm. Meanwhile in [24], the morphological closing is proposed for the specular reflection removal
which can reduce the reflection itself. Then in [25], the bilinear interpolation is used for the removal of
specular reflection. This method used the adaptive threshold in order to reduce reflection in the affected area.
After that in [26], an extension of linear interpolation is used. According to the authors, this technique
is much better than the bilinear interpolation. Other than that, the morphological operator can be used to fill
holes in the affected area of iris [27].

The top hat [28] and bottom hat [14] filters are also used but with mixed results. According to [14],
all methods proposed as above can be used to eliminate and reduce specular reflection. Unfortunately, those
methods required more time to execute which can slow the process of iris recognition. The methods that
required more time to execute are the bottom hat filter [14] and bilinear interpolation [25]. Due to that,
the authors in [14] proposed a new method which is based on the pixels properties, which is much faster than
the other methods. However, the pixels properties method has many operations to eliminate the specular
reflection. Due to that, this paper will modify and optimize the pixels properties method in order to further
reduce the execution time to eliminate specular reflection.
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3. RESEARCH METHOD

It is important to ensure the pupil region is free from the specular reflection since a lot
of works [3, 17-19] used the center of pupil as a base for iris segmentation. Specular reflection can be spotted
in a shape of circle which is similar to the shape of pupil. Due to that, the iris segmentation algorithm might
falsely detect the specular reflection as the pupil region, which can contribute to the false iris segmentation.

In this work, the pixels properties methods as in [14, 18] are used as a reference for the proposed
specular reflection removal method. The pixels properties method is a technique that calculates the pixels
and properties of the selected area. In [14], the pixels properties method is used along with the unsharp
masking, morphological closing and flood-fill methods. Firstly, the iris image quality is improved with
the unsharp masking. The unsharp masking is implemented to enhance the iris image contrast for easier
detection of specular reflection. Moreover, this technique can sharpen the texture of iris image. The second
step is to apply a threshold value for the pupil region. All regions in the iris image will be analyzed to detect
the potential location of specular reflection, based on the given threshold value. In this case, the threshold
value is assigned to 40. Then, the detected regions are analyzed by using the pixels properties method
in order to determine the correct specular reflection. The third step is to apply the morphological closing
to enlarge, then shrink the detected specular reflection. Finally, the specular reflection is eliminated using
the flood-fill method.

Meanwhile in [18], the threshold value is obtained from the pretest of 100 iris images. The average
value of pupil region from the pretest is assigned as a threshold value, which is 35. After that, the pixels
properties method is used to detect the specular reflection. Then, the morphological closing and flood-fill
methods are used to eliminate specular reflection. However, both methods required many operations which
are three and four methods respectively to remove the specular reflection. Logically, the less operations to
remove specular reflection can lead to a faster execution time.

Due to that, both methods can be optimized by reducing the number of methods or operations to
remove the specular reflection, thus can achieve a faster execution time. Moreover, method [14] used
a threshold value of 40 to detect the specular reflection. This value is not suitable and accurate especially
when dealing with a lot of iris images. The average value should be obtained instead of one fixed value as
in [18]. Other than that, the unsharp masking might be useful to enhance the quality of iris pattern.
However, this method is not really necessary to remove the specular reflection. Moreover, both
morphological closing and flood-fill methods can be combined due to their similar characteristic or function
which is to fill holes of the detected specular reflection. Due to above factors, a modified specular reflection
removal method is proposed.

Firstly, the threshold value is obtained from the average value of 100 iris images of CASIA v4
database [29]. According to [14], the value below 40 is suitable as a threshold value due to the characteristic
of pupil region which is one of the largest and darkest elements in the iris images. The average value of 34
is obtained, thus this value is assigned as a threshold value. Next, the pixels properties method is applied
based on the assigned threshold value. The pixels properties method manages to locate many possible
specular reflections in the iris image that corresponds with the threshold value. After that, the individual
properties of each possible specular reflections are analyzed in order to locate the exact pupil region.
This region is obtained from the largest area of each possible specular reflection. This is because the pupil
region has a solid texture and one of the largest elements in the iris image, along with the eyelashes.
However, due to the threshold value, the eyelashes are not detected as a pupil region. The pixels properties
method contains the information of pixels list and matrix location of all possible specular reflections.
Pixels list is the number of all possible specular reflections, and matrix location stores the coordinates of each
possible specular reflections. From this information, the pixels properties method manages to identify
the exact pupil region. As the exact region has been located, the specular reflections in the pupil region can
be eliminated by using the flood-fill method. The parameters of flood-fill method are set where
four-connected element is used for two separate backgrounds with a radius of 15 pixels. The flood-fill
method will use these parameters to close any holes with a radius of 15 pixels. The value of 15 pixels
is obtained due to the standard radius value of the specular reflection as stated in [14, 18]. The same intensity
of surrounded pixels will fill the dark region, which is surrounded by the light region in the pupil region.
The artefacts and unconnected regional minima will also be removed by the flood-fill method. Finally, zero
value is assigned in order to enhance the contrast of pupil region that is free from specular reflection.
The proposed method can be observed in Figure 1. For the performance evaluation of segmentation
accuracy, [1] obtained from [30] is used where,
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G; j is the ground-truth iris image, |; j is the segmented iris image, i and j are the pixel coordinates, r and ¢
are the height and width of iris image, and & is the Boolean XOR operation. Then, [2] by [30] is used to
obtain the overall segmentation accuracy, SA by calculating the average of iris images, N where,

N
SA= lZSAk @)
\Jary

Threshold Value = Average
Value of 100 Iris Images

’

Pixels Properties, where
Threshold = Calculated
Threshold Value

Flood-Fill

Figure 1. The proposed method

For the performance evaluation of image quality, the structural similarity index (SSIM) is used
as in [14]. The SSIM is a method used to measure the similarity of two iris images where it will estimate
the image degradation from the perceive changes. The quality of iris images is analyzed in order to determine
whether the iris pattern is changed during the operation of specular reflection removal. The unchanged iris
pattern will record a SSIM value near to 1. In (3) shows the SSIM equation.
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4. RESULTS AND DISCUSSION

The proposed specular reflection removal method is developed on Windows 8.1, Intel Core i5
2.3 GHz and 4 GB RAM workstation with MATLAB software. The 400 iris images taken from the CASIA
v4 iris database is used in this experimented. The experimental result can be observed in Table 1.
Based on the result, the proposed method achieved the fastest execution time compared to the methods
in [14, 18] respectively. This happened because of the proposed method had less operations and methods,
in order to remove the specular reflection. Method [14] used the unsharp masking and morphological closing
for the specular reflection removal. Meanwhile in [18], only morphological closing was used. In the other
hand, the proposed method did not use both unsharp masking and morphological closing in its specular
reflection removal algorithm which managed to reduce the execution time.

Table 1. The performance of execution time and segmentation accuracy

Methods Average Execution Time (s)  Segmentation Accuracy (%) SSIM
[14] 0.19 94 0.9872

[18] 0.17 95 0.9889
Proposed method 0.12 97 0.9921

Moreover, method in [18] achieved a faster execution time than [14] due to less methods
implemented for the specular reflection removal. Method [18] used the morphological closing, while did not
use the unsharp masking compared to the method in [14]. Additionally, the unsharp masking method needed
to duplicate the original iris image, in order to subtract the original iris image from the unsharp iris image,
thus required more time to execute. Meanwhile in morphological closing, three operations were used
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to perform this method. First, the foreground boundaries were enlarged, then the background boundaries
were shrunk, and finally the holes were eliminated. The morphological closing also used the same parameter
as the flood-fill method which was redundant and required more sources.

Next, the proposed method was compared in terms of segmentation accuracy. According
to the result, the proposed method managed to achieve the highest segmentation accuracy than the methods
in [14, 18]. This happened because of the proposed method can segment the correct pupil and iris regions
compared to the methods in [14, 18]. The proposed method can remove the specular reflection a little bit
better than the methods of [14, 18]. A high segmentation accuracy can contribute to a high recognition
accuracy for the verification and identification of iris recognition system. However, the segmentation
accuracy of both methods was still high and acceptable to be implemented in the iris recognition system.

In terms of image quality, the proposed method achieved the highest quality than the methods
in [14, 18]. This happened due to the highest SSIM value compared to the other methods. The proposed
method managed to remove the specular reflection without much affecting the quality of iris pattern
in the iris image. As the result showed, all three methods achieved an acceptable SSIM value. However,
the proposed method was much better to be used in the iris recognition system because of the less effect
on the iris pattern. For conclusion, the proposed specular reflection removal method achieved the fastest
execution time, the highest segmentation accuracy and the highest SSIM value compared to the methods
in [14, 18]. This proved that the proposed method is fast and accurate to be used in the offline and real-time iris
segmentation systems. The specular reflection removal results can be observed in Figure 2.

(b)

Figure 2. The specular reflection removal results, (a) The original iris image, (b) After removal

5. CONCLUSION

In this study, the specular reflection removal method based on the pixels properties was proposed.
The previous pixels properties method was modified in order to obtain the better performance to remove
the specular reflection. The proposed method excluded a few operations and methods in order to optimize
the specular reflection removal method. In terms of execution time, the proposed method managed to achieve
the fastest execution time because of it used less operations. The proposed method did not use both unsharp
masking and morphological closing in its algorithm which managed to reduce the execution time. In terms of
segmentation accuracy, the proposed method achieved the highest accuracy than the referred methods due to
the proposed method can segment the correct specular reflection, pupil and iris regions. In terms of image
quality, the proposed method recorded the highest SSIM compared to the other methods. The specular
reflection was removed without affecting the iris pattern quality in the iris image. These results showed that
the proposed method is fast and accurate to be used in the offline and real-time iris recognition systems.
For future work, the proposed method can be implemented in the iris recognition system in order to analyze
the performance of recognition accuracy.
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