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CHAPTER 2 

REVIEW OF THE LITERATURE 

In order to facilitate protection in numerous applications, including regular machine 

access, health, information systems, E-commerce and border control, biometric systems 

have become increasingly important. Multimodal approach-based biometric systems 

rely on characteristics such as iris, ears, fingerprints, expression, hand geometry etc. 

Potential of using the biometric techniques for security purpose is high. It also needs to 

take into account the various hacking challenges due to improvement in high tech 

mechanisms. We achieve a higher accuracy with biometric systems using multimodal 

technique, which can also help us reduce the hacking and spoofing dangers. There are 

some pros and cons with this system. They use may sensors, have higher cost and their 

shelf life could be on the lower side, while also needing more complex steps for 

acquiring input image data. 

2.1 CHARACTERISTICS OF BIOMETRICS 

Characteristics of a biometrics systems are mentioned as follow [14]. 

• Universality: Each individual must have their own biometric multiplier. 

• Uniqueness: Two or more individuals should not have identical or very similar 

biometric traits and features. 

• Permanence: We should continue to use the recognition system for a longer 

period of time. 

• Collectability: System should be able to collect large quantities of input 

images. 

• Accuracy: The system should be accurate in terms of ERR (Equal Error Rate), 

with a lower ERR rate being also suitable. 

• Performance: Performance should involve a quick analysis of the input data. 

2.2 MODULES OF TYPICAL BIOMETRICS SYSTEMS 

Usually, the biometric method has four stages. Sensor or procurement process First 

phase, second feature extraction phase, third matching phase and fourth is decision 

making phase. 
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•Sensor Phase: - In this phase the input biometric data is captured, and it is further 

processed for feature extraction. 

•Feature extraction Phase: - Input data is pre-processed in this step and various 

functions are extracted. They give us compact information of the various traits of input 

data and later processed by the matching phase. 

•Matching Phase: - In this phase, features which are extracted are compared using a 

pre-existing template in the database. 

•Decision making Phase: - In this phase the current user which is represented by the 

latest input data is either accepted or rejected as a genuine user. 

2.3 MULTIMODAL BIOMETRICS 

Many experiments have been performed using fingerprint, face, iris, vein, hand palm 

etc. for different biometrical systems. But we have not come across research on a system 

which uses multiple biometrics in combination, like system using iris-based 

recognition. Some of the difficulties in such systems involve trait choices, techniques 

for feature extraction, algorithms to match etc. [13, 14]. 

Any biometric system using multimodal technique can be executed either in serial or 

parallel fashion. In serial systems, one feature is used to filter the possible matches then 

followed by some other feature [15]. This results in a lower recognition timeframe. In 

parallel systems, many features are used simultaneously. 

Decisions could be done at any level of fusion, like feature or matching score or 

decision level.  Device block charts as seen in Figure 2.1 below. 

 

Figure 2.1: Multimodal biometric block diagram 
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2.4 MAIN STAGES OF MULTIMODAL BIOMETRICS IRIS BASED 

RECOGNITION 

2.4.1 Pre-Processing 

Pre-processing of an image is an essential step for filtering the image noise and 

preparing it for extraction of characteristics. The input image contains the main part 

which is the iris, and it has to be identified and localized. Camera and eye distance may 

vary as well. Brightness may vary based on the light position, affecting the analysis of 

the texture. 

2.4.2 Filtering 

Image is filtered to help remove the noise from it. The function used is ‘filter2‘which 

will implement a 2D FIR filter. In Figure 2.2, (a) is shown as acquired input image and 

(b) is filtered image.  More specifics are seen in Figure 2.3. 

Figure 2.2 (a) shows original image which is retrieved from the MMU 2005 database. 

This MMU database has 46 folders, having 2 subfolders for right and left eye [16]. 

Subfolder has five samples of input data (eyes) of 320 x 240 pixels size. Image is stored 

in BMP format. Figure 2.2 (b) represent the filtered image where various texture shown. 

Figure 2.2(c) shows an image after light removal adjustment. 

Figure 2.3 shows an image having light refraction on the pupil. Figure 2.3 (a) shows an 

image of pupil before pre-processing. Figure 2.3 (b) shows a filtered image and Figure 

2.3 (c) shows an image after light adjustment. 

 

   

a) Original image  b) Image filtering c) After illumination removing 

Figure 2.2: Image from database MMU 
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a) Original image      b) Image filtering c) After illumination removing 

Figure 2.3: Image zooming from figure 2.2 

2.4.3 Illumination Removal 

If light or illumination is not extracted earlier, the result of segmentation can be 

impaired. Thus, through the usage of a MATLAB-based functionality named “in 

complement”, the light impact is suppressed. In a picture, the 1s and 0s are inversed. 

2.4.4 Brightness Removal 

Contrast of the bright regions can be reduced using the Logarithmic transformation 

(LT) technique. Eyelid texture, Eyebrow and sclera are removed. Eyelash continues to 

exist. The LT equation is as given below: 

K is the equation logarithm, n is the image input, S is the result and c measures constant. 

                     (2.1) 

2.4.5 Power Law Transformation 

Power-law transformations (PLT) is given by equation (2.2), which is mathematically 

represented as follows. 

                                                   (2.2) 

Z is the result representation of n and μ where all are positive numbers. PLT technique 

help enhance the contrast of bright region within the image. Increasing gamma value 

darken the image, which reducing the gamma value brightens the image, as shown in 

Figure 2.4. 

2.4.6 Morphology to Remove Effect of Dilation and Erosion 

Binary photos were crafted and applied to grayscale images later. Examples of 

morphology used in this study are dilation and erosion. Dilation contributes pixels to 

the picture border and corrosion does the same. Erosion is used to erase the black-white 

pictures of the eyebrow area. 
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a) b) 

  

c) d) 

Figure 2.4: Image of pupil using PLT enhancement 

                           “Clock-wise (a) γ=2, (b) γ=3, (c) γ=4 and (d) γ=5” 

2.4.7 Removal Objects 

Binary image is a black and white image, with each pixel represented by 1s and 0s. 0 

will give us the black pixel and 1 will give us the white pixel. Unwanted pixels are 

removed by using the bwareaopen() function in MATLAB, which removes the pixels 

lower than the threshold value. 

2.5 IRIS LITERATURE 

Biometric research based on Iris is very exciting and evolving fast. While many current 

applications use iris for biometric recognition, there is still a lot of research that needs 

to be carried out for complex applications. 

Iris-based identification implies the identification of the person by observing some 

random portion of the iris. The reported and automatic methods used to detect iris are 

very recent. The amount of light in the eye is regulated by iris [21]. The mechanism of 

iris identification can be split into five sub-phases. The following measures include the 

acquisition of images, segmentation, standardization, identification of characteristics 

and eventually matching and identification processes. 

First stage is to captures the human eye view known as acquiring input image. The 

second stage of segmentation tries to find a unique pattern in an iris. The stage of 

Normalization ensures a proper size of the iris and removes any unwanted region. This 
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is further stored in a template. This is finally compared and matched with existing iris 

images in the database. 

As seen in Figure 2.5, an iris recognition category into basic steps “Enrollment” and 

“Authentication”. 

 

Figure 2.5: An iris based recognition system 

2.5.1 Main Stages of Iris Based Recognition 

The subparagraphs identify several common approaches to each of the following levels. 

2.5.1.1 Iris Image Acquisition  

The stage for the Picture Acquisition involves the numerous Hamouchene et al. systems 

of [22]. Lighting method for having a transparent and illuminated image, positioning 

system (for each version, to get the same Iris image) and Camera in particular (to obtain 

good-quality image). In this step, the device recognition rate is directly influenced by 

various elements. Next, the camera or sensor consistency impacts the iris picture 

significantly. Secondly, the iris picture should be sharp and transparent throughout the 

series acquisition of iris photographs. The full visibility between both the pupil and the 

iris is necessary for recognition. The distance, angle of acquisition and brightness are 

the three components often influence the detection of the iris. 
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2.5.2 Iris Segmentation 

Segmenting iris is an essential factor in the identification method dependent on iris. It 

is responsible to maintain the accuracy of the system [17]. 

  

       (a) Original image        (b) Ground truth 

  

      (c ) segmented image          (d) Grey image 

 

Figure 2.6: Iris segmentation [18] 

It is the optimal segmentation of iris, as seen in Figure 2.6. From the figure, it can be 

shown that the segmentation in these experiments is almost similar to the reality about 

the ground and that the iris is totally isolated. From the grey segmentation scale it cannot 

be shown that the segmentation of iris is not over-segmented or under-segmented [19] 

[20]. 

2.5.3 Iris Normalization 

Iris normalization is implemented after detecting the iris boundaries by transforming 

polar coordinates into Cartesian coordinates for selected iris area to calculate the fixed 

feature vector [27]. This feature vectors are used for comparison between various iris 

images. Stretching of iris region occurs due to effect of dilation and contraction in pupil 
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by variation in level of illumination during acquisition process. This change in iris size 

results in dimensional inconsistency. In addition to this position and distance of camera, 

iris texture elastic distortion and off angle iris images also causes dimensional 

inconsistency which affects the result of matching To resolve both of these difficulties, 

For the normalization of iris in rectangular field in given sizes, the Daugman rubber 

sheet approach is used. In this method Cartesian coordinates (x,y) for each point in 

input image is transformed which into polar coordinate is dimensionless. 

Mathematically Daugman‘s cartesian to polar coordinate mapping is represent using 

equation 2.3. 

Iris normalization produces a feature vector of fixed dimensions, to allow comparison 

of 2 iris images [27]. This process ensures that inconsistency in image dimension do 

not exist. Other reasons that may cause inconsistency in the image dimensions are 

imaging distance, distortion in texture of iris, camera rotation etc. 

To ensure that this issue does not cause any problem, Daugman's algorithm for rubber 

sheet mapping transforms the input picture from cartesian to polar co-ordinate. 

Every point   from iris region is represented in Daugman mapping to few polar co-

ordinates in the iris field    which are normalized and non-concentric. 

r is on the interval .     

Ɵ is the interval angle   . 

Mathematically, Iris Mapping can be classified as follows (2.3): 

•                                                                         (2.3) 

•  =                                      (2.4) 

•  =                                      (2.5) 

I(x, y) define intensity value in iris image of point (x,y). (Xp( ),Yp( )) represents 

coordinates of pupil boundary and (Xl( ),Yl( )) represents limbic boundary points in 

direction . 

Iris normalization process is advantageous because coordinates mapping is invariant 

with change in shape, size of iris as well as dilation and contraction effects. 
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Here is the intensity value at   in the iris region image. The parameters 

and  are the coordinates of the pupil and iris boundaries along the  

directions. 

 

Figure 2.7: Iris normalization 

2.5.4 Feature Extraction 

 The Convolutional Neural Network (CNN) uses feature extraction techniques by using 

multiple filters, which later extract features from the input data. Himanshu Rai et al [28] 

proposed an HAAR wavelet decomposition method. A normalized 64 x 512 picture is 

added to the HAAR Wavelet, at three levels consecutively extracting the features. The 

wavelet transform divides the image in regions LL, HL, LH, and HH. LL region (low 

frequency) consists the maximum energy. The newly formed LL region is processed so 

that the wavelet transform can be again applied to it. The HAAR wavelet transform is 

repeated to reduce image size. 

B. Raja et al [29] have used a feature extraction using deep sparse filtering. This system 

captures the iris image in different radii and pupil values. They have proposed a novel 

segmentation scheme which adapts itself to iris images from the smartphone. With 

OSIRIS v4.1 standard photo, the proposed technique increases the segmentation 

precision to 85%. 

Jing Huang et al [30] propose an iris-based recognition system based on Gaussian 

Markov random field (GMRF) extraction. Rotation variation of an iris-based 

particularly interesting is very necessary. We can achieve approximate invariance of 

rotation in conventional methods of iris-based recognition. As complexity increases for 

these methods, so does the error rate. A novel rotation invariant approach which is used 

for extraction of iris feature is proposed to solve this problem. 
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Fisher Kernel Classificatory orthogonal wavelet filters grab iris features, Markov 

random fields capture rotation, and finally classification. 

2.6 REVIEW OF IRIS BASED RECOGNITION FOR UNCONSTRAINED 

ENVIRONMENT 

Biometric systems based on iris-based recognition techniques are becoming very 

popular, which uses a pattern recognition scheme. 

Shaaban A. Sahmoud and Ibrahim S. Abuhaiba [36] showed us a new and rapid 

algorithm, which aids the capture in uncontrolled conditions of non-ideal pictures. 

Orthodox techniques for segmentation of iris yield good outcomes when photographs 

are captured in optimal environments but are not exact in conditions not so ideal. This 

article reveals a modern algorithm to iris segment pictures that are recorded in 

unregulated surroundings. This article provides a lower percentage of error for the 

algorithm suggested. The algorithm suggested uses K-means. The iris radius and middle 

are then determined by Circular Hough Transform (CHT). The upper eyes are first 

identified, and the non-iris regions eventually eliminated. The findings indicate greater 

time and precision for segmentation. 

Paper by Prashant Kapoor and Paresh Rawat [37] Using a Hough transformation to 

define the iris border. This paper shows many methods of biometric recognition and 

later conclude that iris-based recognition is the best. This paper research different 

concepts of biometric quality. Several factors causing image degradation are discussed. 

Evaluation schemes show quality metrics. 

Paper by Plaka, Rahul, and Gautum Kaushal [38] proposes an Iris-based recognition 

device neural network solution. Iris identification system is one of the most accurate 

biometric methods. 

Chun-Wei Tan and Ajay Kumar has The promising iris encoding strategies and 

matching strategies have been explored in less restricted conditions for iris pictures 

taken from both NIR and visible imaging at a distance [39].The segmented image 

quality differs depending on the image quality received. If the picture captured is taken 

from a long distance, a special strategy is required to process the image. These 

differences impact the encoding of iris characteristics and influence the device 

precision. In the paper they have proposed a Zernike phase encoding scheme to achieve 
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less variations and more accuracy. The iris features are formed using regions which 

partially overlap to counter the variations in the pixels. 

Paper by Tsai and Yao-Hong presents an unconstrained iris based recognition using a 

weighted approach [40]. Current commercial recognition systems assume support from 

the user or the subject for image acquisition. This may not be always possible. 

Researchers are working on techniques which would require lesser support from the 

user, without impacting device output. The proposed iris-based identification method 

is built in two keyways with broad differences in the climate. For overcoming highly 

unequal lighting situations, standardization of mathematical illumination on the eye 

area is initially used to improve the exactness of the iris. To define the iris picture input, 

the Adaboost algorithm is used. Secondly, according to the distance from the iris core, 

the weighted method is described by Gaussian functions. The texture is then categorized 

by weight using an LBP histogram. This allows the user-recognition device interface 

more versatile. 

A paper by Eduardo Garea Llano et al [41] shows usage of multiple sensors for iris 

based recognition. This increases the accuracy and makes the system more flexible in 

extreme environments. Iris biometric systems can operate with several iris-images 

collected by multiple sensors in an ordinary setting. Stable structures are nevertheless 

not readily accessible. The Video Frames and Photographs work parallel to these 

structures. They introduce a multi-sensor device integrating video and image-based iris 

detection in this article. The work demonstrates a fusion pyramid technique centered 

on laplacian adjusted in order to segment the picture. 

In the paper by [42], Nassima Kihal et al they propose a novel Biometric device focused 

on the iris and 3D form of the cornea. The combined traits gives us a better recognition 

system with better accuracy. The cornea shape is modelled using a Zernike polynomial 

expansion technique. Gabor filter and phase encoding is used to analyze the iris 

textures. Fusion of the scores from cornea and iris is carried out multiple rules like mix-

max etc. This method gives an extremely low error rate, closing onto zero %. 

A new and dynamic scheme based on face and iris fusion scores is considered [43] by 

Maryam Eskandari and Omid Sharifi. Several fusion methods are implemented to then 

compare results with this custom fusion method for recognition. This method has very 

fast execution time due to the dynamic featured and fusion scores employed. The 

development of CIoT and its implementations has been supported in the development 
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of the sensor and cloud technology. Researchers are yet to explore how the cloud based 

IOT system infrastructure could be used for biometric recognition based on iris images. 

Biometric systems are designed using and unimodal or multimodal approach. In the 

paper [44], a unimodal approach-based recognition system is developed using multiple 

biometric traits. A new segmentation algorithm is proposed to mask and localize the 

iris region. For the extraction of iris functions, new algorithms, delta-medium and multi 

type algorithms are created. Any multi-modal biometric device uses many biometric 

features in identification of an individual. 

In the study by [45], Basma Ammour et al A multimodal approach that uses biometric 

facial details and two iris, left and right, has been suggested. The subsequent fusion 

process to produce a satisfactory score is used. Extraction of features is key to every 

method of identification. In order to isolate the face and iris, 2D log Gabor filters are 

used, which are then used to distinguish them. The device offers a rather low 0.24% 

error rate and has been checked with several regular picture databases. It favours a study 

with other approaches. 

Anis Farihan Mat Raffei et al. In the research performed by [46] we have a pattern 

detector for the Iris caught and triggered by visible light from many different 

wavelengths. It is incredibly challenging to catch a picture in poor light with low 

contrast that impacts iris position and further detection. In certain conditions, 

histograms focused on iso-contrast supports. The representation of the iris is split 

between regions and local intensity histograms and pixel intensity transfer methods are 

used. It was tested using image data sets that were developed. The findings revealed 

better outcomes for the suggested approach relative to the current low luminous 

techniques. 

They suggest a core points-based extraction mechanism for differing picture conditions 

in the paper proposed by [47] Yuniol Alvarez-Betancourt and Miguel Garcia-Silvente. 

It utilizes three biometric characteristics with SIFT characteristics and corresponding 

values. Harris-Laplace are used, its origins are obtained and defined as SIFT features 

and as quick hessian key points. The method is tested using standard iris databases, 

using conditions of variable image quality. The results are very competitive, and they 

are better than the existing algorithms. This method also demonstrated the feasibility of 

the key points-based method for implementing practical applications. 
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Table 2.1: Description of iris-based recognition for unconstrained environment, 

relevant techniques, its advantages and limitations 

Author Techniques Advantages Limitations 

Shaaban A. 

Sahmoud et al 

[36] 

K-means the 

Circular Hough 

ransformation 

algorithm 

Enhances the precision 

and time of segmentation. 

Reduces also in the case 

of mistake Noise styles 

In period, CHT 

is rather costly 

Prashant 

Kapooret al [37] 

Iris Tissue encoding 

and Matching 

High precision low light 

strength adjustments in 

the fine accuracy of the 

outer border iris 

 High 

computational      

 cost 

Rahul Plaka 

et al [38] 

Hybrid Speeded Up 

Robust Features 

(SURF) 

Higher flexibility 

and robustness higher 

accuracy 

 Accuracy of the 

iris   based 

system is 

affected 

  

Chun-Wei Tan 

et al [39] 

Bit stabilization and 

localized ZMs 

phase-based 

encoding 

Less sensitive to noise 

more tolerant to 

feature distortion  

 Efforts to boost 

the precision of 

the  visible-light 

iris 

Tsai and 

Yao-Hong [40] 

Local binary 

pattern (LBP) 

and adaboost 

algorithm 

histogram 

Flexible interface with 

the  verification system 

 Problem of   

 computational 

cost 

Eduardo Garea 

Llano et al [41] 

Modified 

Laplacian 

Pyramid-based 

fusion 

Enhances the accuracy of 

acknowledgment for jobs 

in a non-cooperative 

setting 

Increased 

computational 

time 

Nassima Kihal et 

al [42] 

Gabor  filtering, 

phase encoding 

and Zernike 

polynomial 

expansion 

Increase the recognition 

accuracy 

Feature 

extraction stage 

is time- 

consuming 

Maryam 

Eskandari et al 

[43] 

Backtracking 

SearchAlgorithm 

(BSA) and Linear 

Discriminant 

Analysis (LDA) 

Non-uniform 

illumination 

distribution 

Feature 

extraction stage 

is time- 

consuming 

Ramadan Gad et 

al [44] 

Delta-Mean (DM) 

And Multi-

Algorithm Mean 

(MAM) 

99.4%+ Accuracy 

Reduced execution time 

Non-uniform 

illumination 

distribution 
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Basma Ammour 

et al [45] 

Spectral Regression 

Kernel Discriminant 

Analysis(SRKD A) 

Reduces the derived 

vector large 

dimensionality 

Iris based 

Recognition 

system accuracy 

is affected 

Anis Farihan 

Mat Raffei et al 

[46] 

“ISO-Contrast 

Limited Adaptive 

Histogram 

Equalization” (Iso- 

CLAHE) 

Different images with 

different intensities may 

be improved for 

consistent distribution of 

the uniform light 

distribution 

Pupil 

localization is 

not so accurate, 

in turn affecting 

the accuracy of 

iris 

segmentation 

  YuniolAlv 

arez-Betancourt 

et al [47] 

Robust key point 

extraction process 

and Invariant 

transformation 

method size 

function (SIFT) 

Method is more suited for 

real-time application of 

recognition. 

Feature 

extraction stage 

is time- 

consuming 

 

2.7 SCLERA LITERATURE 

One of the earlier researches done with sclera based biometrics using the sclera blood 

vessels, is documented by Derakhshani. This document combines all the sclera related 

work and divides them in four basic categories. 

• Recording of the image and enhancement of blood vessels 

• Segmentation 

• Extraction of features 

• Classification 

The methodologies mentioned above are described below. 

The steps involved for the standard sclera recognition are as shown in Figure 2.8. 

 

Figure 2.8: Block diagram of a sclera recognition system 
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2.7.1 Main Stages of Sclera Recognition 

A sclera biometric authentication comprises of different steps including image 

collection, segmentation, development, extraction, and classification. Each stage 

presents a different challenge for research. The research challenges are discussed as 

below. 

2.7.1.1 Segmentation 

The segmentation of every biometric device is a crucial phase. The aim is to separate 

the area of interest correctly. Precise segmentation is important to reduce the size of 

image and not to enable any other areas of the iris, such as eyelids and eyelids, to be 

included. 

The parameters affecting segmentation are: 

i. Gaussian smoothing function spread 

ii. Original setting feature gradient intensity regulation 

iii. Direct method or regulator 

iv. Weighted penalty coefficient 

v. Counter-length smoothing coefficient 

vi. Force of artificial balloon 

vii. Initialization period set 

viii. Maximum evolution iteration for degree 

2.7.1.2 Enhancement 

The segmented sclera region has a high reflection, resulting in the vascular patterns 

being blurry and with low contrast. To resolve the reflection effect, it is required to 

improve the vascular patterns. 

The following are the challenges for enhancement: 

• Image enhancement can be affected by shadows, varying light conditions and 

reflection (which were added during image acquisition). 

• A person having medical problems such as diabetes may have the loose 

capillaries in the sclera region which may decrease the strength of vessel 

patterning. 

• Age is a further aspect impacting enhancement of trends, i.e. the pattern of the 

vessel is less dominant in children. 

2.7.1.3 Feature Extraction 



25 

In the sclera recognition method, the extraction of features phase consists of a 

trustworthy mathematical model to identify persons. Difficulties which occurs during 

sclera feature extraction are 

• Vein pattern can be changed when conjunctiva moves after rubbing eye. 

• Also, broad gaze shifts can impact the function, as the vein pattern varies 

dramatically in the direction of the eyeball (e.g. “looking left versus right” so 

on). 

• The corneal vasculature becoming thicker at age becomes more noticeable and 

thus sufficient techniques are needed to assess and characterize this biometry to 

adapt the growth. In younger people blood vasculature is less visible. 

2.7.1.4 Classification 

The toughest problem is how the features collected will better be categorized. Besides 

the general difficulties of classification of images, some other issues are as follows: 

• Problems that make the classification task challenging include coping with 

regard to variable lighting conditions, medical issues, the ageing, and the 

eyeball or eye gaze angles changes. 

• Another obstacle that would be important to take care is to apply classification 

for larger populations and samples.  

2.7.2 Review of the Sclera Recognition for Unconstrained Environment 

This section combines all the sclera-based literature and divides them across four 

categories. 

• Recording of the image and enhancement of blood vessels 

• Segmentation 

• Extraction of features 

• Classification 

2.7.2.1 Sclera Segmentation 

Sinan Alkassar et al. has provided us with a new approach for calculating sclera 

consistency and segmentation utilizing relaxed imagery constraints [48]. A modern 

method focused on concentration assessment has been proposed. The sclera and 

adjacent skin are also a recent form of fusion for segmentation. Range and rotational 

synchronization are used to reduce the blurry picture error rates captured at different 

distances and in motion. EGBU is used in the study of device output for image 
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classification. The iris picture is taken using four separate cameras and these pictures 

are used to validate the device. The findings for comfortable imaging are very positive. 

Abhijit Das et al [58], present Sclera segmentation using method of Fuzzy C- means 

clustering. Vessels of sclera’s are not prominent, and they have to be enhanced. 

Researchers have used adaptive histogram equalization and Discrete. To boost these 

vessel habits, Meyer Wavelet. Dense local directional patterns were used to remove 

features (D-LDP). D-LDP patch descriptors construct a collection of features to build 

the training model accompanied by Space Pyramid Matching. Help for the 

classification of images was used for Vector Machines (SVMs). The system was 

validated using existing iris data sets such as the UBIRIS dataset version 1. The same 

error rate (ERR) of 3.95 percent is remarkable in this process. 

Daniel Riccio et al [59] proposed a segmentation method which is unsupervised, for 

colour images of the eye. This method works with the visible spectrum of the RGB and 

does not need any additional information for iris detection. The input colour image is 

converted to grayscale image and enhanced using adaptive histogram. Feature 

extraction step involves image binarization, which is based on clustering and adaptive 

threshold. Sclera identification is done using compute scores and data points between 

foreground components. The proposed method has been ranked second SSRBC 2017 

competition. 

In the paper [60] Pinheiro et. al. presents to us a new method to perform segmentation 

of sclera using facial images. This method is divided in 2 steps: 

(1) Location of the eye  

(2) Sclera segmentation 

Eye region is located using concepts of Colour Distance Map (CDM), Random Forest 

(RF) and Driven Gradient Descriptor Histogram (HOG). Sclera segmentation uses 

Picture Foresting Transform (IFT) to give us 95.95 percent precision. 

Table 2.2: Different segmentation technique used in literature 

Work Technique Database 

Abhijit Das et al [58] Fuzzy C-means clustering UBIRIS version 1 

Sinan Alkassar et al 

[48]  

Sclera Template Rotation 

Alignment and Distance Scaling 

(STRADS) 

UBIRIS.v2 and 

MICHE 
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Daniel Riccio et al 

[59] 

Grey Level Clustering In-house 

Pinheiroet al[60] Colour Distance Map (CDM), 

Random Forest (RF) and 

Histogram of Oriented Gradients 

(HOG) descriptor. 

UBIRIS.v2 

 

2.7.2.2 Vessels of Sclera Enhancement 

The essential detail from the human sclera has been shown by Eliza Gail Maxwell and 

Tripti C [60] in the layout of the blood vessel and cannot be collected intrusively by 

visible light. The special aspect of the sclera vessel patterns enables the biometric 

authentication method to be used. The key problems in the biometrical method are the 

segmentation of the sclera area and vessel patterns of sclera. The photos of sclera 

pattern vessels are not always centred, they are distorted, and the framework of the 

vessel has a multi-layered deformation that are not linear and dynamic. The study in 

this paper[61 ] contrasts two methods of improvement for sclera vessels. The first 

procedure uses adaptive histogram equalisation and the other uses Gabor directional 

filters. Faster and stronger performance for Gabor filter enhancement. 

In the paper [62], O. G.Hastak presents to us a Human Identification system which is 

Based on extraction of sclera Veins. Segmentation is done using fuzzy clustering means 

(FCM). Image of sclera veins is enhanced using fuzzy histograms. Feature extraction is 

done using Dense Local Binary Pattern (D- LBP) technique. This method was tested 

using UBIRIS.v1 database. 

Suba S and S Babu [63] proposes a technique using sclera vein, for biometric 

recognition. Sclera vein-based recognition method poses a challenge for image 

analysis, and a lot of research is carried out in this area over the last few years. They 

have a lot of practical applications. This paper contributes to the research mentioned 

above. They have introduced a new method for biometric recognition using sclera 

veins. Secondly, they propose a new segmentation technique which works with both 

the colour and grayscale images. A new Gabor filter was designed for image 

enhancement and to binaries vessel patterns. Feature extraction is done using 

histogram-based techniques. 
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Table 2.3: Different sclera vein enhancement technique used in literature 

Work Technique Database 

Eliza Gail 

Maxwell and 

Tripti C [61] 

The CLAHE (The Contrast Limited 

Adaptive Histogram Equalization) approach 

uses a method of area development. This 

detects the blood vessels and the Gabor filter 

directional bank is used to obtain enhanced 

vessel patterns of sclera from multiple layers. 

In-house 

O.G.Hastak 

[62] 

Fuzzy logic based BPDHE is used to 

enhance patterns of the vessels of sclera. For 

extraction of functionality D-LBP is used 

 

UBIRIS.v1 

Suba S and S. 

Babu [63] 

Gabor filters are being used to improve the 

venous structure of sclera 

In-house 

 

2.7.2.3 Feature Extraction 

In this paper [63], Tayade et al present to us a compact method for tasks of sclera 

segmentation and vessel enhancement. The algorithm presented uses a 2D DWT 

transform and co-efficient are used for image representation. Feature extraction of the 

sclera veins is done using standard deviation and mean average formulas. This device 

would be checked in-house. The findings indicate a high-precision device with low 

error rates. 

Prasath, N and M. Sivakumar [64] present an extraction algorithm using Y shape 

feature. They merge the biometric features of the sclera vein with the finger vena. 

Established Sclera vein and improved picture. Y shaped pattern is extracted from the 

image and fusion is carried out with the pattern of the finger vein.  Later finger vein 

image is captured using CCD camera and infrared light. This image is enhanced. A 

feature extraction algorithm using line shape is utilized to extract line patterns from this 

image. Both image patterns are combined to form a fusion image. This helps in 

accurately identifying an individual. The system results show a very high accuracy. 

2.7.2.4 Classification 

In this paper [65], Kangrok Oh et al present a system for integrating biometric 

identification with sclera and periocular characteristics. This is more appropriate for 

facial recognition if the face has shown just the periodic area. 

Periodic feature extraction is done through random projections to collect image 

information. The binary characteristics are related to the periodic characteristics and a 
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ranking is achieved. The method was checked with data sets UBIRIS. v1 for both 

session 1 and 2. The sclera and periocular features fuse an excellent 5 percent error rate 

efficiency. 

2.7.3 Review of the Sclera Based Recognition for Unconstrained Environment 

Sinan Alkassar et al. has provided us with a new approach for calculating sclera 

consistency and segmentation utilizing relaxed imagery constraints [48]. A modern 

method focused on concentration assessment has been proposed. The sclera and 

adjacent skin are also a recent form of fusion for segmentation. Range and rotational 

synchronization is used to reduce the blurry picture error rates captured at different 

distances and in motion. EGBU is used in the study of device output for image 

classification. The iris picture is taken using four separate cameras and these pictures 

are used to validate the device. For comfortable imaging settings, the findings are quite 

positive. 

Zhou et al. are proposing a modern biometric identification approach in this article [49]. 

Sclera pictures of ship patterns are not necessarily concentrated, and the framework of 

the ship is multi-layered and has dynamic and nonlinear deformations. This poses 

special analysis problems. This essay refers to the aforementioned analysis. A modern 

biometric identification system for sclera veins has been introduced. Second, they 

deliver a modern technique of segmentation that works with colour and grey pictures. 

A new Gabor filter was developed to improve the picture and binarize the patterns of 

the vessel. Extraction of the function is achieved using histogram techniques. 

The Sclera-Net specially built for the segmentation of sclera and segmentation of other 

areas of the eye are introduced in this research [50]. In order to accurately segment the 

necessary sclera area, Sclera-Net uses high-frequency data from the previous encoder 

decoder network. 

A crucial part for recognition systems consistency and error reduction is the sclera 

segmentation stage. Precise segmentation by several sensors is difficult because of 

distorted pictures, dynamic, nonlinear deformations, and multi-layered regions. We 

may segment sclera using evolutionary neural networks with deep learning computer 

algorithms (CNNs). These approaches have achieved very promising outcomes for 

precision and implementation time up to now. 



30 

These approaches have achieved very promising outcomes for precision and 

implementation time up to now In the case of Rizwan Ali Naqvi and Woong-Kee Loh, 

the Sclera network uses high frequency knowledge from previous layers of its encoder 

network for the accurate segmentation of the appropriate sclera area, and other ocular 

regions [51]. This approach may be used to improve output with fine detail of the image, 

which has been lost by repeated sub-samples. Segmentation of sclera by an adaptive 

active outline without the system of edges was accomplished. A new approach for the 

isolation and mapping of blood vessels was also proposed based on IUWT. 

A special biometric function of the sclera blood vessels may be used in a biometric 

identification device. Sclera is an opaque, colorless area of the eye with visible and 

random blood vessels. A visible-wavelength camera can be used to image the sclera. 

Sclera implementations differ considerably. 

The paper [52] by Alkassaret al gives us a recognition system design which is robust 

and highly accurate. The system uses new methods for sclera segmentation and 

occluded eye detection. Also proposed are better techniques for extraction, 

enhancement, and binarizing. The method was tested rigorously using UBIRIS.v1 and 

UTIRIS datasets, giving higher segmentation accuracy. Though this method is more 

complex computationally. In this paper [52], Parabet al present a new method for 

biometric recognition. Since the sclera pattern is unique, in terms of fingerprint, face, 

speech and other biometric characteristics it may be used as biometric identification. 

Some adjustments are produced to transparent sclera images without disrupting vessel 

patterns with various sclera patterns. For both colour and grey pictures, the approach 

works in this paper [52]. 

In this paper [53], Yong Lin et al presents a new method for sclera vein recognition 

which is executed parallel. Sclera vein method though very accurate, is very slow in 

execution and can affect the usage in practical applications. This is improved by parallel 

approach of registration and matching. Feature extraction using Y shaped descriptors 

filter out the unlikely matches. This is followed by the weighted descriptor. This is 

followed by a matching process. The results show great improvements in the execution 

speed and still gives us high accuracy. 

In this paper [54] Males et al proposed a colour balance system focused on a scene-

based calculation of pixels in the sclera eye area of the facial images. A colour balance 

method. Colour balance includes image editing in order to change the photo colours. 
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For measuring chromaticity, these approaches use facial characteristics and skin colour. 

This approach examines how colour balance will automatically be achieved using the 

sclera of the face picture. The major steps involved in this method include detection of 

the eye region, sclera segmentation, illumination estimate and chromatic adaptation. 

The method is tested and results show high accuracy and better performance w.r.t other 

colour constancy methods. 

In this paper [55], Zhi Zhou et al Offer a different form of assessing sclera picture 

consistency. This method involves a filter and assessment unit of consistency, 

segmentation unit, evaluation unit and fusion score unit. This study has many 

contributed such as a consistency filter and calculation for the identification of blinding 

/ extremely distorted images and a segmentation assessment tool suggested for 

determining the exactness of segmentation within the iris and sclera boundaries. In 

order to integrate consistency, segments and function findings together, the Shafer 

system Dumpster is used. This helps predict the efficiency of the device. The findings 

indicate that the cumulative score leads to the precision of identification. This will lead 

to better and device efficiency estimation. 

In this paper [56], Simona Crihalmeanu and Arun Ross Presents us with the approach 

used as biometric identification systems for scleral texture and vasculature shapes. In 

near infaring spectrum (NIR), iris patterns are best showing, whereas invisible spectrum 

vasculature patterns are seen (RGB). For this approach it is possible to use multi 

spectral images consisting of both NIR and RGB channels. This research work 

contributes in the following areas: 

• Assembling multispectral eye database 

• New algorithm design for sclera segmentation 

• Assessment of three separate extraction features in the assembled database and 

matching structures 

• The method was tested and the results have been very encouraging from 

accuracy and performance perspective. 

In this paper [57], Zhi Zhouet al present a method which uses the iris and the sclera 

image patterns of the eye for biometric recognition. This multimodal method gives 

better results that other unimodal systems. 2D Gabor filters are used for iris-based 

recognition and score fusion is performed using kernel-based matching. 
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Table 2.4:  Description of sclera-based recognition for unconstrained environment, 

relevant techniques, its advantages and limitation 

Author Techniques Advantages Limitations 

Sinan 

Alkassare et 

al [48] 

Sclera Template 

Rotation Alignment 

and Distance 

Scaling (STRADS) 

and Kernel Fisher 

Discriminant 

Analysis (KFDA) 

Better 

recognition 

precision with 

sclera. Low 

rates of error. 

The fusion of sclera 

with iris and periodical 

features would increase 

the device expense, the 

higher the processing 

time the image 

resolution 

Zhi Zhou 

et al [49] 

Line-descriptor 

based registration, 

Feature extraction

 and matching 

method 

Dramatically, 

concurrent 

computation 

techniques may 

minimize the 

processing 

speed 

Images of sclera vessel 

patterns aren't often 

oriented, multi-layered 

vessels with non-linear 

complex deflection 

Rizwan Ali 

Naqvi and 

Woong- 

KeeLoh [50] 

Convolutional 

Neural Networks 

(CNN) 

Improves 

precision by 

making high 

frequency 

knowledge True 

segmentation of 

various regions 

of the eye in 

non-ideal and 

difficult 

circumstances 

Finer details   of the 

image  lost  due to 

repeated subsampling 

No rise in the expense 

of increasing depth 

Alkassare et 

al [51] 
Undecimated 

Wavelet Transform 

(IUWT)and Random 

Sampling Consensus 

(RANSAC) 

algorithm 

 

Lower 

processing time 

with high 

segmentation 

accuracy 

Develop scale, 

orientation, 

illumination 

and 

deformation 

invariant 

The usage of off-angle 

sclera photos has not 

been tested 

Parab et al 

[52] 

Gabor-wavelet filter 

and kernel functions 

Novel line 

descriptor can 

be used to 

accurately 

identify 

individuals 

from visible 

light 

People having blue iris 

difficult to identify 
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Yong Lin 

et al [53] 

Parallel Sclera 

Vein Recognition 

and General purpose 

Graphics Processing 

Units (GPGPU) 

Strong strength 

to mask the 

latency of 

memory access 

Time consuming to 

match two sclera 

images. 

Males et al 

[54] 

Colour Balancing 

Method 

No colour 

constant tuning 

is needed and 

permits the 

constancy of 

computational 

colour in 

images with 

sides. 

Color constancy is now 

regarded as a difficult 

and more complicated 

to overcome, the root 

problem of auto-color 

balance. 

Zhi Zhou et 

al [55] 

Segmentation 

Evaluation Method, 

Feature Evaluation 

Method And 

Dempster Shafer 

Theory  

The combined 

score is 

compared to the 

precision of 

sclera detection 

Not segmented 

correctly, it could affect 

the sclera recognition 

accuracy. 

Simona 

Crihalmeanu 

et al[56] 

SURF, Minutiae 

detection and 

correlation matching 

Multispectral 

eye recognition 

Changes in the 

illumination and viewing 

angle affect 

performance 

Eliza Y. Du 

et al [57] 

Multi-angular Process 

of Recognition of the 

Eye 

Performance 

may increase as 

training and 

evaluating 

images have 

identical 

characteristics 

when opposed 

to iris or sclera 

detection 

More detail is given by a 

multi angle to further 

enhance the precision of 

the identification. 

Although only left and 

frontal eyes are included 

here. 

 

2.8 IRIS DATABASES 

Real data analyses are needed for biometrics research and development, while fair 

comparisons between methods of identification are focused on input data. Therefore, 

regular biometric databases are highly important in checking the methods of 

identification and becoming Compulsory for the phase of growth. We shall look at the 

image databases that are widely accessible in the public domain. 

2.8.1 BATH Database 

BATH dataset was developed and shared by University of Bath in the UK. It consists 

of 32K near infrared grayscale images having resolution of 1280 x 960. These were 
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gathered from 800 volunteers of the Irish Guard [31]. Images in the BATH database are 

free of illumination variance and are blur free. In this database, we will transform RGB 

pictures to grey files. The solution suggested makes these grayscale pictures special 

patterns. This improves the robustness of the proposed research work. 

2.8.2 CASIA Database 

CASIA database is made up of infrared images and is the most popular image database 

for biometric related experimental work. The CASIA-V3 database [32] is made up of 

2639 iris images of 249 volunteers belonging to 395 different classes. Each picture is a 

JPEG 8-bit grey file with a 320/280-pixel resolution. The photos from the CASIA-V3 

lamp are registered with the hand-held sensor OKI. This consists of 16212 pictures of 

411 volunteers from 819 schools. Each picture is a JPEG grayscale 8-bit file with a 640-

per 480-pixel resolution. CASIA-V3 Lamp pictures involve non-linear deformations 

induced by apparent lighting variations. 

Both eye photos from each database could not be included, because the performance 

rate for segmentation was not perfectly reached. Instead, a subset was chosen for each 

database containing only those photos which were effectively segmented. 

2.8.3 ICE Database 

The Iris Challenge Assessment (ICE) competition is intended to test the precision of 

the iris-based recognition system's technology. The key goal is to encourage biometric 

identification systems focused on the iris. 

It consists of two phases: 

• Researchers and engineers were first challenged to the task of improving their 

own biometric algorithms. 

• Several researchers would later be offered the chance to engage in a broad, 

independent appraisal exercise. 

The archive of ICE [33] comprises of 2953 images of 244 distinct groups. It provides 

representations of the right and left iris. The main and differentiating characteristics of 

this ICE database are that they include image noise factors, which helps in measuring 

the system performance. 

2.8.4 MMU Database 

Database MMU v1.0 [34] comprises of 450 iris photographs obtained by LG Iris Access 

2200 from 45 volunteers. The donation of 10 photos was produced by each volunteer. 
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Whereas 995 photographs of iris form the MMU (new) v2.0 database. These have been 

obtained with the BM-ET100US authenticam camera. These pictures have been 

contributed by 100 volunteers of diverse age and nationality. Ten iris images were 

inserted by each issue. Image resolution is 320 × 240 is for both databases and stored 

using the bitmap format. There are images in both databases which offer variations in 

specular reflections, focus, blur etc. 

2.8.5 UBIRIS Database 

UBIRIS.V1 [35] the archive comprises of 1877 photographs from 241 volunteers that 

have been compiled. These images include many factors of noise which are helpful for 

a calm imaging environment. Images are of high (800 by 600 x 200) and low (200 x 

150) quality images. Images were taken from version 2 of the UBIRIS database at reach, 

in motion and at visible wavelength. A total of 11,102 donations were rend from 261 

volunteers. Few photographs of volunteers with glasses. 

2.9 MULTIMODAL APPROACHES IN THE EYE BIOMETRIC 

Gottemukkula et al. [66] the sclera and iris pattern were suggested for the first time in 

the literature. Table 2.5 outlines the entirety of the analysis proposed in the literature. 

Table 2.5: Summary of sclera based multimodal biometrics systems 

Year Author  Multu-

Biometric 

Methodology Type Of 

Fusion 

Database Result 

2010 Zhi Zhou, 

et. al.[96] 

Iris+Sclera Gabor filter and  

Log-Gabor 

filter 

Match score  

level kernel 

based 

UBIRIS Using 1-D Log-

Gabor 

EER=2.73%                                                                              

Using 2D Gabor 

EER=3.06%         

2011 Sriram 

Pavan 

Tankasala, 

et.al.[97] 

Iris + 

Conjunctival 

Vasculature 

GLCM and 

Fisher linear 

discriminant 

analysis 

Match score 

level 

In-House  ROC AUC and 

EER of 0.9518 

and 11.90% 

2012 Zhi Zhou, 

Eliza 

Yingzi Du, 

et. al.[98] 

Iris+Sclera  1D Log-Gabor 

filter 

Match score 

level based on 

image Quality 

UBIRIS FAR is 94.92% 

to 96.42% 

2012 Vikas 

Gottemukk

ula, 

et.al.[99] 

Iris + 

Conjunctival 

Vasculature 

 1D Log-Gabor 

filter 

Weighted 

fusion  with 

match score 

In-house   EER of 2.83%  

2013 Chun-Wei 

Tan, Ajay 

Kumar 

[100] 

Iris+ 

Periocular  

Random walker 

algorithm 

Match score 

level fusion 

CASIA.v4-

distance 

UBIRIS.v2

, FRGC  

rank-one 

recognition 

accuracy is 

52.4%  

2014 Jibu 

Varghese 

et. al.[101] 

Iris+Sclera Otsu’s threshold 

method and 

Gabor filter 

Individual Iris 

and sclera 

recognition  

In-house  Accuracy=99.4

5% 
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2014 Dr. C. 

Immaculate 

Mary 

[102] 

Iris+Sclera LMS: Least 

Mean Square 

filtering method 

Interfusion of 

Iris and Sclera 

surface using 

Laplace 

Transform 

(IISLT)  

Q-FIRE Accuracy=85% 

2015 Gil Santos , 

et. al. [103] 

Iris+ 

periocular 

SIFT &GIST 

and  2D Gabor 

wavelet  

 Score level 

fusion 

CSIP 

database 

EER from 

0.145% to 

2.331% 

2017 Nassima 

Kihal, et.al.  

[104] 

iris and 

corneal shape 

Zernike 

polynomial 

expansion, 

LDA and Gabor 

Filter 

Match score 

level fusion 

In-House 

database 

EER equal to 

0% 

and a 

FRR = 0% at 

0.1% FAR 

2017 Mrunal 

Pathak,et.al. 

[105] 

Iris+Sclera GLCM, Gabor 

wavelet 

Match score 

level fusion 

UBIRIS 

V2 

EER=2.31% 

2017 Nasir Udin 

Ahmed, 

et.al. 

[106] 

Iris+ 

periocular 

“Multi-Block 

Transitional 

Local Binary 

Pattern” (MB-

TLBP) 

 Score level 

fusion 

MICHE  EER =1.22% 

2017 Ajita 

Rattani; 

Reza 

Derakhshani

[107] 

Ocular  

Biometric 

Pre trained 

CNN  

Score level 

fusion 

VISOB TPR of up to 

100% at FPR of 

10-4  

2018 Zi Wang, 

et.al. 

[108] 

Eye region “Mixed 

convolutional 

and residual 

network “ 

(MiCoReNet)  

deep learning 

method 

         -- CASIA-

Iris-

Interval 

V4 and 

the 

UBIRIS.v

2 

Accuracy for 

CASIA-Iris-

IntervalV4= 

99.08%  and                               

Accuracy for 

UBIRIS.v2=96.

12% 

2018 Alaa S.Al-

Waisy,  et.al. 

[109] 

Left iris+ 

right iris 

CNN+ Softmax 

classifier 

Rank level 

fusion 

SDUML

A-HMT, 

CASIA-

IrisV3 

Interval 

and IITD 

iris 

database. 

100% 

authentication 

rate 

 

2.10 SUPPORT VALUE BASED FUSION MATCHING LITERATURE 

In this section, support value based fusion matching process is utilized for the proficient 

validation information is recognized or non-recognized person identity. SVM is a 

kernel based method, however, compared to suboptimal kernel approaches, kernel 

methods for SVMs [65] are optimal as for a clustering kernel system, with optimality 

embedded in convex optimization. Achievement in Incremental models have been 

produced by researchers of theoretical power of SVMs. And provided that in the 
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biometric sector incremental SVMs have never been explored, it is crucial to address 

adaptive biometrics with SVM and their incremental variants. 

2.11 SUMMARY 

It is apparent from multi-model biometrics literature studies that includes survey of iris 

and sclera biometric recognition in unconstrained environment. The literature review 

recorded in this chapter focuses on non-ideal multi-model eye biometrics and that more 

analysis on this subject needs to be done to enhance its accurate content under 

unconstrained environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


