
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 10 (2019) pp. 2388-2398 

© Research India Publications.  http://www.ripublication.com 

2388 

High Empirical Study of IRIS Region Recognition Using RED Algorithm 

Based Discrete wavelet Transform 

 

Ala’a K. Al-Azzawi 1 

1Ministry of Higher Education & Scientific Research, Middle Technical University,  
Technical Engineering College, Department of Mechatronics Engineering, Baghdad-Iraq.  

 

Abstract 

In this paper, a biometric recognition system based on the iris 

of a human eye using discrete wavelet transform (DWT) and 

multi support vector machine classifier is proposed. The 

classifier is used to classify the iris zoom into three categories: 

cut transition, gradual transition and normal sequences. A 

compact low pass filter with an exponential weighted moving 

average in a RED algorithm is extensively used. The 

algorithm can be used to calculate the average queue size as 

well as maintain high throughput and low delay. Before 

extracting the features of an iris, the input image is pre-

processed to localize, segment and enhance the region of 

interest, blurring, and artifacts especially those associated with 

edges. The block textural information of a person's iris is 

exploited to categorize the input image into a number of 

vectors (blocks). The categorizing of these blocks were based 

on extracting the edge in different direction from wavelet 

transition coefficients in a given image block. Furthermore, 

computing of block variance and directional variances of 

neighboring blocks greatly facilitated the reconstructing of the 

strong diagonal edges. Best extraction of vertical, horizontal, 

and diagonal image gradients were computed. The largest 

numbers of these gradients were obtained after changing both 

the magnitude of the threshold, which were extracted from 

histograms of those gradients, and the boundary match vector 

angles. Experimental results show that the proposed method is 

quite fast efficient and accurate method employs a minimum 

distance classifier according to hamming distance.    

Keywords: Region recognition; discrete wavelet transform 

(DWT); Block textural; Random Early Detection (RED) 

algorithm; feature selection. 

 

1. INTRODUCTION   

Biometric based person identification is getting popular due to 

its accuracy and high reliability. In iris recognition biometric, 

iris is believed to be more artless as it can’t be artificially 

copied and also it remains same during a person’s life time. 

Iris recognition is the process of recognizing a person by 

analyzing the random pattern of the iris [1]. Before 

recognition of the iris takes place, the iris is located using 

preeminent features. These preeminent features and the 

differentiated shape of the iris allow for imaging, feature 

isolation, and extraction [2]. Localization of the iris is an 

important step in iris recognition because, if done improperly, 

resultant noise (e.g., eyelashes, reflections, pupils, and 

eyelids) in the image may lead to poor performance.  

Iris imaging requires use of a high quality digital camera. By 

making use of imaging an iris, a 2D Gabor wavelet filters and 

maps the segments of the iris into vectors. These vectors 

include information on the orientation and spatial frequency 

and the position of these areas. This seems to be the optimal 

basis to extract local features and map the Iris codes. Iris 

patterns are described by an iris code using phase information 

collected in the vectors. 

The two iris code templates are compared by computing the 

hamming distance between them. The hamming distance is a 

fractional measure of the number of bits disagreeing between 

two binary patterns. Hamming distance approach is a 

matching employed by daugman for comparing two bit 

patterns and it represents the number of bits that are different 

in the two patterns. 

Extracting of iris image data is the major iris recognition 

standards. The segmentation localizes the iris’s spatial extent 

in the eye image by isolating it from other structures in its 

vicinity, such as the sclera, pupil, eyelids, and eyelashes. 

Image segmentation is typically used to locate objects and 

boundaries (lines, curves, etc.) in images. Further, to define 

two data formats for representing an iris image. The first 

format utilizes a rectilinear format in which the image can be 

raw or compressed and can vary in size based on field of view 

and compression or color (gray or color intensity levels). The 

second format utilizes a polar image specification with 

specific preprocessing and segmentation steps for the image, 

which can be raw or compressed; contains only iris 

information. 

The algorithms used in an iris-recognition first have to 

localize the inner and outer boundaries of the iris (pupil and 

sclera) in an image of an eye. Further subroutines detect and 

exclude eyelids, eyelashes, and specular reflections that often 

occlude parts of the iris. Among all the biometric techniques 

iris recognition has drawn a lot of interest in Pattern 

Recognition and Machine Learning research. As it is more 

unique, stable, universal and do not depend upon genetics [3], 

[4]. 

The iris verification can be divided into five stages: (i) Data 

Acquisition module, (ii) Preprocessing module (includes 

segmentation) (iii) The normalization module invokes a 

geometric normalization scheme to transform the segmented 

iris image from Cartesian coordinates to polar coordinates. 

(iv)The encoding module uses a feature-extraction routine to 

produce a binary code. And (v) The matching module 

determines how closely the produced code matches the 
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encoded features stored in the database [5], [6], [7]. A good 

biometric is characterized by the use of a feature that is; 

highly unique – so that the chance of any two people having 

the same characteristic will be minimal, stable – so that the 

feature does not change over time, and be easily captured – in 

order to provide convenience to the user, and prevent 

misrepresentation of the feature. The rest of the paper is 

organized as follows. In  section  2,  the  definition  of a RED 

algorithm and its analysis  are  introduced,  and  important  

mathematical  properties are   included. Section 3 presents the 

theory of the iris recognition system, followed by wavelet 

based energy features. The methodology and a preprocessing 

classification on iris image followed by the proposed method 

are presented in section 4. Experimental results and 

discussions are depicted in Section 5. Finally, section 6 

concludes the presented work.   

 

2. RANDOM EARLY DETECTION (RED) ALGORITHM 

RED algorithm was first proposed by Sally Floyd and Van 

Jacobson in [8], for active queue management (AQM) and 

then standardized as a recommendation from IETF in [9]. As 

such, RED is able to avoid global synchronization of TCP 

flows, maintain high throughput as well as a low delay and 

achieves fairness over multiple TCP connections, etc. The 

RED algorithm calculates the average queue size 𝑸𝑺 using a 

low pass filter with an exponential weighted moving average. 

The average queue size is compared to two thresholds: 

𝑻𝑯𝒎𝒊𝒏 𝒂𝒏𝒅 𝑻𝑯𝒎𝒂𝒙.  

When: 

- 𝑸𝑺  < 𝑻𝑯𝒎𝒊𝒏, no packets are marked. 

- 𝑸𝑺  > 𝑻𝑯𝒎𝒂𝒙, every arriving packet is marked. 

- 𝑻𝑯𝒎𝒊𝒏  
𝑸𝑺
⇔  𝑻𝑯𝒎𝒂𝒙, each arriving packet is marked 

with probability𝑷𝒂𝒗𝒆, where 𝑷𝒂𝒗𝒆 is a function of the 

average queue size. 

- 𝑸𝑺  −= Does not significantly exceed 𝑻𝑯𝒎𝒂𝒙, if 

marked packets are, in fact, dropped or if all source 

nodes are cooperative. 

Substantially, RED algorithm has two separate parts. One is 

for calculating the 𝑸𝑺, which determines the degree of 

burstiness that will be allowed in the router queue. It takes 

into account the period when the queue is empty (the idle 

period) by guessing the number 𝑚 of small packets that could 

have been transmitted by the router during the idle period. 

Seamlessly, the router computes the average queue size as if 

𝑚 packets had arrived to an empty queue during that period.  

The optimal value of the packet-marking probability is 

calculated by the second part to determine how frequently the 

router marks packets, given the current level of congestion. 

Hence, the optimal value of the marking probability is derived 

to then present a new marking scheme to fully exploit its 

benefits as well as to reduce the total number of packets 

needed by the victim to reconstruct the attack path [10]. The 

goal is for the router to mark packets at fairly evenly spaced 

intervals, in order to avoid biases and avoid global 

synchronization, and to mark packets sufficiently frequently 

to control the average queue size. 

 

3. THEORY OF IRIS RECOGNITION SYSTEM 

Iris  recognition  is  the  process  of  recognizing  a  person  by  

analyzing  the  random  pattern  of  the  iris  (Figure  1) [11]. 

 

 

The  iris  is  a  muscle  within the  eye  that  regulates  the  size  

of  the  pupil,  controlling  the  amount of light that enters the 

eye. It is the coloured segment of the eye with colouring based 

on the density of melanin tincture within the muscle (Figure 

2). Iris recognition technology combines computer vision, 

pattern recognition, statistical inference, and optics.   

 

Algorithms described in [12] for encoding and recognizing 

iris patterns have been the executable software used in all iris 

recognition systems so far deployed commercially or in tests. 

There exist many alternative methods for finding and tracking 

facial features such as the eyes. The input to the system will 

be an eye image, and the output will be an iris template, which 

will provide a mathematical representation of the iris region. 

In these trials, most imaging was done without active pan/tilt 

camera optics, but instead exploited visual feedback via a 

mirror or video image to enable cooperating.  

 

3. 1 Wavelet Based Energy Features 

In wavelet transform (WT), the image is represented in terms 

of frequency content of local regions over a range of scales. 

DWT decompose an image into four sub-bands, which is the 

low frequency LL, the vertical high frequency LH, the 

horizontal high frequency HL, and the diagonal high 

frequency HH respectively. The low frequency looks very 

similar to the original image but the size is a half of the 

Fig. 1 Human eye; (a) eye groups, (b) iris sample 

( (

Fig. 2 Colored portion of eye 
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original one through a down sampling. The LH includes the 

information about a vertical element of the original image, 

which depicts the vertical directional edge of the original 

image. Similarly, the HL is the horizontal directional edge of 

the original image. The HH corresponds to the diagonal 

directional edge of the original image. In this case, large color 

and edge features can be captured from the DWT image [13]. 

Therefore, data is initially subjected to standard histogram 

equalization to adjust the intensity of images. To represent an 

image into several sub images and analyzes them in the 

frequency domain multi resolution analysis is used. Then the 

discrete wavelet transform (DWT) features are extracted and 

pre-processed. Then the features are normalized using z-score 

normalization technique. These features are then ranked using 

chi squared, gain ratio, information gain feature evaluation 

techniques and relief feature ranking schemes. The features 

are selected using for consistency subset evaluation strategies: 

best first, random search, genetic search and greedy search. 

The following Fig. 3 shows the low frequency LL “haar” 

decomposition iris image. 

 

 

 

4. METHODOLOGY 

The first step of this work is devoted to capture large color 

and edge features of different color iris images. In this 

context, various preprocessing steps are carried out. It 

includes a successive conversion of color image to gray scale, 

histogram equalization, circle extraction, and segmentation. 

The color and the edge in the vertical, the horizontal and the 

diagonal direction are chose as the features vector.  

 

 

 

The generation of template is elicited after applying polar to 

rectangular conversion and on this rectangular template RED 

algorithm is applied. These templates are match with the 

stored one using hamming distance and the match ID is 

displayed. Figure 4 shows the flow of the process. 

 

4.1 Preprocessing  

4.1.1 DWT Based Feature Extraction 

Image feature extraction is very important in image 

processing technique to detect and isolate desired portions of 

an image. After extraction of the meaningful coefficients from 

the region of interest (ROI’s), 3-level “haar” decomposition 

Fig. 3 Discrete wavelet transform (DWT); (a) iris image to be decomposed, (b) decomposing of wavelet 

transform into four sub-bands iris images, (c) low frequency (LL) wavelet transform iris image. 
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DWT is applied for extracting coefficients to obtain the 

texture information. In other words, DWT is a technique used 

to extract features from a given images, which extracts 

maximum highlighting pixels present in images to progress 

results. In this context, 3 step procedures for automatic 

detection of meaningful image features is used. The steps are 

preprocessing, feature extraction and classification [14-15].  

The variation of the extracted color features between multiple 

iris images can be calculated according to LL bands of each 

decomposed image. The difference of the edge in the vertical, 

the horizontal and the diagonal direction of multiple iris 

images can be computed depending on the HL, LH, and HH 

bands of each decomposed iris image respectively. 

1) Color Difference 

 Let 𝑇(𝐼) denote the total of the low frequency 

coefficient (𝐿𝐿) of the iris image (𝐼), which can be computed 

by the following formula. 

𝑇(𝐼) = ∑ 𝐶𝑜𝑒𝑓𝑓
𝑁𝑇
𝑘=1 (𝑘)         (1) 

Where 𝐶𝑜𝑒𝑓𝑓(𝑘) is the coefficient value, 𝑁𝑇 represents the 

total number of the low frequency coefficient of the iris 

image. 

The color difference between two iris images can be 

calculated by the following formula. 

𝐶𝑡(𝐼) = 𝑇𝑡(𝐼) − 𝑇𝑡+1(𝐼)            (2) 

Where 𝐶𝑡(𝐼) is the color difference of one block between two 

iris images? 

In order to omits smooth intervals, produce a new sequence 

named 𝐶𝑡
′(𝐼) according to the following formula. 

𝐶𝑡
′(𝐼) { 

0 𝐶𝑡(𝐼) < 𝑇𝐷

1 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                  (3) 

Finally the difference between two iris images based on their 

color feature is given from the following equation: 

𝑇𝐷
𝐿𝐿 = ∑ 𝐶𝑡

′𝑁𝑇
𝐼=1 (𝐼)          (4) 

In which, 𝑁𝑇 represents the total number of block of iris 

image. 

2) Edge Deference 

 Similarly, applying the same procedure of the above 

color difference algorithm. The difference between two 

images based on their edge feature in the vertical, the 

horizontal and the diagonal direction can be estimated after 

applying the above four equations (1) – (4), which denote by 

𝑇𝐷
𝐻𝐿, 𝑇𝐷

𝐿𝐻, 𝑎𝑛𝑑 𝑇𝐷
𝐻𝐻 respectively. 

 

4.1.2 Histogram Equalization 

Histogram equalization is a technique for adjusting image 

intensities to enhance contrast. The levels of a gray shadow 

images are considered as a random variables in the interval [0 

1], in which the random variables were usually attributed to 

the probability density function. In this context, the average 

length of information to be encoded and assigned by the 

values of various gray levels can be calculated by summing 

the product of the number of bits used to represent each gray 

level and probability of occurrence of gray level. 

Let 𝐼 be a given image represented as a 𝑋𝑅 by 𝑋𝐶 matrix of 

integer pixel intensities ranging from 0 to L − 1. L is the 

number of possible intensity values, often 256. Let 𝐻 denote 

the normalized histogram of 𝐼with a bin for each possible 

intensity. So 

𝐻𝑛 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑤𝑖𝑡ℎ 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑛

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠
      𝑛 = 0, 1, … … … 𝐿 − 1     (5)  

The histogram equalized image 𝐼𝐸 will be defined by 

𝐼𝐸𝑖,𝑗
= 𝑓𝑙𝑜𝑜𝑟((𝐿 − 1) ∑ 𝐻𝑛

𝐼𝑖,𝑗

𝑛=0 ))           (6)  

Where floor() rounds down to the nearest integer. This is 

equivalent to transforming the pixel intensities, k, of  𝐼 by the 

function 

𝑇𝑘 = 𝑓𝑙𝑜𝑜𝑟(𝐿 − 1) ∑ 𝐻𝑛
𝑘
𝑛=0            (7) 

The motivation for this transformation comes from thinking of 

the intensities of 𝐼 and 𝐼𝐸 as continuous random variables X, Y 
on [0, L −  1] with Y defined by 

𝑌 = 𝑇(𝑋) = (𝐿 − 1) ∫ 𝑝𝑥 (𝑥)𝑑𝑥
𝑥

0
     (8) 

Where 𝑝𝑥 is the probability density function of 𝐼. 𝑇 is the 

cumulative distributive function of X multiplied by (L − 1). 

Assume for simplicity that 𝑇 is differentiable and invertible. It 

can then be shown that Y defined by 𝑇(𝑋) is uniformly 

distributed on [0, L − 1], namely that 𝑝𝑌(𝑦) =
1

𝐿−1
. 

4.1.3 Image Segmentation  

Image segmentation is a process in which regions or features 

sharing similar characteristics are identified and grouped 

together. The assertive aim in image processing applications is 

to extract important attributes from the iris image data, from 

which an interpretative prospect can be achieved by the 

machine. Most of images have been appropriately 

preprocessed to eliminate noise and artifacts. Segmentation is 

often the key step in interpreting the image. Many statistical 

techniques are used to either accurately delineate the 

boundary separating of distinct regions or to group these 

regions according to their anatomical or functional roles [16]. 

In this work, both artificial neural network and nearest-

neighbor classifier methods have been used for image 

segmentation. The output of the segmentation step is usually a 

set of classified elements used to get an initial estimate of the 

region. As a result, this leads to achieve more accurate 

representation of the target boundary, in which each pixel 

classified in the same class as the training actuality with the 

closet intensity [17-18]. 

The basic purpose of region growing is to segment an entire 

image 𝐹 into smaller sub-images, 𝐹𝑖, 𝑖 = 1, 2, … , 𝑁. Which 

satisfy the following conditions [18]? 

𝐹 = ⋃ 𝐹𝑖
𝑁
𝑖=1 ;  𝐹1 ⋂ 𝐹𝑗 = 𝛷, 𝑖 ≠ 𝑗                                (9) 

                            𝐻(𝐹𝑖) = 𝑇𝑟𝑢𝑒; 𝑖 = 1, 2, … , 𝑁;     

When 𝐹𝑖 and 𝐹𝑗 are adjacent: 

                          𝐻(𝐹𝑖 ⋃ 𝐹𝑗) = 𝐹𝑎𝑙𝑠𝑒, 𝑖 ≠ 𝑗;  

The left and right boundaries of the iris are found by selecting 

the largest gradient change to the left and right of the pupil. 

The iris segmentation approach is based on the fact that the 
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pupil is typically darker than the iris and the iris is darker than 

the sclera [2].  As shown in Fig. 5, the region represents the 

pupil-iris and iris-sclera gradient change. 

 

 

 

Figure 6 shows both an ideal example of image segmentation 

and the over-segmentation flow chart used to eliminate 

boundaries that are not in edge detection result. In order to 

accomplish the edge detector algorithm, successive steps must 

be followed. The first step is to compress and filtering out the 

original image to tackle the problems of invisible patches, 

blockiness, blurring, and artifacts effects located at the 

boundaries. The essential goal behind block-based 

compression is to interpolate the DCT coefficients of missing 

blocks from those with the same position in the neighboring 

blocks. In other words, the idea behind a block-based 

compression is the ease of dealing with the blocking artifacts 

located at the block boundaries of sub bands, as well as 

tackling these artifacts.  

Therefore, the energy distribution in the DCT domain 

determines the edge patterns in the spatial block. Hence, the 

lost pixels are interpolated by a linear combination of 

coefficients in the DCT domain. 

Three measures of different edge patterns, the horizontal edge 

𝐻𝐸𝑑𝑔𝑒, the vertical edge 𝑉𝐸𝑑𝑔𝑒, and the diagonal edge 𝐷𝐸𝑑𝑔𝑒 

are calculated from the DCT coefficients of the sub-block, to 

indicate whether has strong edge or not. 

 

 

 

Fig. 5: Is the original image with the projected right region: zone A represents pupil area with a dramatic change of pupil iris 

gradient; zone B represents the clearer pixels in the iris pattern; zone C represents the gradient change between iris and sclera 

followed by much whiter pixels of the sclera in zone D. 
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Fig 6: (a) An ideal example of image segmentation. (b) Flow-chart for image 

segmentation combining region and boundary information. 
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4.2 Proposed method 

The following Fig. 7 shows the proposed segmentation flow 

chart used for extracting the meaningful features of selected 

blocks in a multiple iris images. The goal of this process is to 

satisfy the segmented parts first the non-specific parts are 

removed that are not parts of the interested region. A classifier 

called support vector machine (SVM) has been used in order 

to classify the dimension of 3-dimensional volume that is 

parallel to a pixel as well as to obtain better results. The 

feature SVM has been constructed which is based on the 

coefficients of the DWT. The accuracies and the performance 

are provided in terms of training performance and the 

classification accuracies. 

 

 

 

In summary, the method can work when the block contains an 

edge that is not vertical or horizontal after the adoption of the 

DCT coefficients of the sub-block. Equation 10 has been used 

to decide whether the sub-block contains horizontal, vertical 

or diagonal edges.  

 900.............,tantan 11   
E

E

H
V

edgeHorizontal
edgeVertical

     (10) 

Where a 0° degree means a horizontal edge, 90° means a 

vertical edge, and 45° is a diagonal edge. 

 

5. EXPERIMENTAL RESULTS AND DISCUSSIONS 

The following images show the experimental results of the iris 

which were implemented using MATLAB 2013a version with 

4GB RAM and i5 processor. Extracting the edges from digital 

images is one of the most important steps in image processing, 

analysis and pattern recognition systems, as well as providing 

an indication of the physical extent of the objects within the 

components of the image. Figure 8 shows the detection of the 

fourth quadrants of the iris image. In first step the original 

RGB image is converted into a gray-scale phase. The DWT 

decomposed the original spatial-domain signal into various 

decomposition levels. The decomposition levels comprise a 

number of sub-bands, in which each of them contains the 

coefficients of the vertical, the horizontal and the diagonal 
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images. Figure 9 shows the results of the second step in which 

pupil region is stated by 20-80 intensity value of gray level. In 

contrast, three levels of "haar" decomposition of a high 

resolution binary iris image(432 × 752 𝑝𝑖𝑥𝑒𝑙𝑠)is extracted 

after using a specific thresholding.   

 

 

 

To illustrate the idea of decomposition more accurately, figure 

10 shows the result of eliciting the approximation of iris 

image as well as images of the sub-bands frequencies 

(vertical, horizontal, and diagonal images) of the three levels 

"haar" decomposition. Meanwhile, the figure shows the 

results of the third step after using the morphological 

operators opening and closing for removing some unwanted 

regions. 

 

 

(a) 

(b) 

(c) (d) 

(e) (f) 

Fig. 8 Iris edge detection using "Canny detector"; (a) original image, (b) gray-scale image, 

(c) first-quadrant edge detection, (d) second-quadrant edge detection, (e) Third-quadrant 

edge detection, (f) Fourth-quadrant edge detection. 

 

Fig. 9 Binary iris image with 3-levels "haar" decomposition; (1) first-level decomposition,  

(b) second-level decomposition, (c) third-level decomposition. 

 

(a) 

(b) 

(c) 
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The high-high, high-low, low-high, and low-low frequencies 

(HHF, HLF, LHF, and LLF) in the three levels of haar 

decomposition are shown in figure 11. Figure 11 shows the 

details and approximation of the iris image. 

 

 

 

The fourth step is devoted to distinguish between the 

eccentricities feature (pseudo) and benefits features hopefully 

to locate the true pupil region. As a result, eliciting the 

minimal unwanted features region considered as criterion to 

select the more significant values of area that is marked as 

pupil region. Fig. 12 shows the extracted pupil region.      

Fig. 10 Low-Low-Frequency (LLF) resultant iris image edge detection after applying the morphological 

operator’s with approximation "Haar" decomposition iris image. 

Fig. 11 HH, HL, LH, and LL "haar" decomposition (details and approximation iris images) 
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The canny detector is a parallel differential operator used to 

extract edges of the images after evaluating the partial 

derivation in both 𝑖 and 𝑗 directions are evaluated after 

extracting the edges of images. They are predefined as 𝑆𝑖 and 

𝑆𝑗 respectively.  

The gradient of each pixel is evaluated using the following 

formula: 𝐺(𝑖, 𝑗) = √(𝑆𝑖
2 + 𝑆𝑗

2). Further, a threshold 

magnitude 𝐺𝑇𝑀  is evaluated for the purpose of comparison. 

If, 𝐺(𝑖, 𝑗) > 𝐺𝑇𝑀 this point is considered as an edge point. The 

partial derivatives in 𝑖 and 𝑗 directions. In other word, the 

direction of the edge is computed using the gradient in 𝑖 and 𝑗 

directions and illustrated in eq. 11 and eq. 12. 

𝑆𝑖 = {𝐹(𝑖 + 1,   𝑗 ± 1) + 2𝐹(𝑖 + 1, 𝑗)} 

−{𝐹(𝑖 − 1,   𝑗 ± 1) + 2𝐹(𝑖 − 1, 𝑗)}      (11) 

 

  𝑆𝑗 = {𝐹(𝑖 ± 1,   𝑗 + 1) + 2𝐹(𝑖, 𝑗 + 1)} 

−{𝐹(𝑖 ± 1,   𝑗 − 1) + 2𝐹(𝑖, 𝑗 − 1)}    (12) 

The edge strength is assessed after the adoption of extracting 

both vertical and horizontal image gradients.  

Accordingly, the gradients of the image are represented as 

follows: 

22 ),(),(),(Im jiHjiVjiFgradientage GGG        (13) 

Where, 𝑉𝐺(𝑖, 𝑗) and 𝐻𝐺(𝑖, 𝑗) are the vertical and horizontal 

image gradients, respectively, and calculated as follows: 

),(),(j)(i, jiFjiPV VG            (14) 

),(),(),( jiFjiPjiH HG         (15) 

The steps required for canny detector are as follows: 

- Smooth by Gaussian: 

First smooth the image by a Gaussian G! And then take 

derivatives: 
𝜕𝑓

𝜕𝑥
=

𝜕(𝐺𝜎∗𝑓)

𝜕𝑥
. Applying the differentiation 

property of the convolution:  
𝜕𝑓

𝜕𝑥
=

𝜕 𝐺𝜎

𝜕𝑥
∗ 𝑓. Therefore, taking 

the derivative in x of the image can be done by convolution 

with the derivative of a Gaussian: 

 𝐺𝜎
𝑥 =

𝜕𝐺𝜎

𝜕𝑥
= 𝑥 𝑒

− 
𝑥2+𝑦2

2𝜎2                            (16) 

For clarity, only the pixel with the largest gradient amplitude 

is the true edge. The detected edge pixel is calculated as: 

 Edge Edge EdgeP (V *k, H *k) 1 N, k z           (17)  

Where, 𝑁 is denoted as the number of the detected edge pixels 

in the boundary pixels and surrounding the damaged block.  

 

- Compute gradient magnitude and orientation: 

Gradient magnitude and gradient orientation are expressed in 

terms of the two directional derivatives 𝜕𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙(𝑖, 𝑗) and 

𝜕𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙(𝑖, 𝑗) . Here, the gradient magnitude is defined as: 

 

22 )),(()),((),( jiFjiFjiF HorizontalVertical 

         (18)  

Where, 𝐹(𝑖, 𝑗) is a continuous image? 𝑖 and 𝑗are the row and 

column coordinates, respectively. The gradient orientation is 

given as: 

 
 jiV

jiHji
G

G

,

,
tan),( 1     (19)  

Fig. 12 Minimal pseudo region; (a) original image, (b) gray-scale 

image, (c) coordinate-image, and (d) usage edge detection 

(a) 

(b) 

(c) 

(d) 
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Table 1 shows the measuring of the mean square errors 

(MSE’s) and the power signal-to-noise ratios (PSNR’s) for 

both the vertical and the horizontal image gradients after 

changing the boundary match vector angles, and the 

magnitude of the threshold. 

Table 1 The calculating of MSE and PSNR for both vertical 

and horizontal image gradients 

Theta 0  
45  

135  

Threshold 15% 25% 35% 45% 55% 65% 

MSE-VG 0.0136 0.0028 0.0142 0.0043 0.0149 0.0036 

MSE-HG 0.0114 0.0024 0.0118 0.0039 0.0123 0.0044 

PSNR-VG 32.211 34.688 32.110 34.288 32.115 34.578 

PSNR-HG 32.442 34.756 32.338 34.376 32.336 34.293 

 

From the results shown in Table 1, it can be stated that as the 

magnitude of the threshold increased the measured of the 

MSE’s for both the vertical and the horizontal image gradients 

will decrease. One can also observe that the measured of the 

PSNR’s image gradients will increase. The simulated and 

measured results of the mean square errors (MSE) have been 

carried out in Fig. 13. These results illustrated the relationship 

between the vertical and the horizontal iris image gradients.  

 

 

6. CONCLUSION 

In this paper, 2-D discrete wavelet transform (DWT) haar 

decomposition was presented. The empirical wavelet 

transform (EWT) is used to decompose the image into the 

lower resolution approximation image (LL) of the 2-level bi 

orthogonal discrete wavelet transform (DWT). Furthermore, 

usage features are obtained from decomposed EWT 

components. These features are used for the classification of 

normal images using least squares support vector machine 

classifier. The proposed technique used to have improved 

performance, specifically segment areas that contain edges 

with high accuracy. Next, high-quality image was properly 

guaranteed, after pre-processing the input image to localize 

the inner boundary and outer boundary of iris, segment and 

enhance the region of interest (i.e., iris zone). Thus resulting 

in a visually better iris image at the geometric information 

with minimal blurring and artifacts. Further, the block textural 

information was exploited to categorize the input data into a 

number of vectors (blocks). The categorizing of these blocks 

were based on the edge orientation in a given image block. 

For example, block variance and the directional variances of 

the four neighboring blocks. This greatly facilitated the 

reconstructing of the strong diagonal edges. The method 

provides very good extracting of strong edges. In this context, 

a best extraction for the vertical, horizontal and diagonal 

image gradients were achieved. The largest numbers of these 

gradients were obtained after changing both the magnitude of 

the threshold, which were extracted from histograms of those 

gradients, and the boundary match vector angles. The 

performance of the predicted images was also significantly 

improved, in terms of blurring and artifacts, especially those 

associated with edges. Further, a low pass filter with an 

exponential weighted moving average in a RED algorithm is 

used to calculate the average queue size as well as maintain 

high throughput and low delay.  
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