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COMPUTER VISION TECHNOLOGIES TO 
IMPROVE THE IMAGE QUALITY OF THE IRIS
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Abstract. The article addresses the problem of improving the quality of eye region images in computer vision systems 
for biometric identification. A multi-stage image processing algorithm is proposed that includes face detection, localiza-
tion of the eye region, extraction of the pupil and iris, segmentation of biometrically significant areas, and image quality 
enhancement by filtering, normalization and contrast enhancement. The main attention is paid to increasing the informa-
tion content of the textural features of the iris and the periocular region in images obtained from conventional surveillance 
cameras under low light, noise, blur and limited resolution. The novelty of the work lies in combining glare removal, local 
contrast enhancement and neural network super-resolution in a single preprocessing pipeline for ordinary RGB cameras. 
Experimental results show that the proposed approach improves the quality of visual data and the extraction of biometric 
features and increases the effectiveness of subsequent identification.

Keywords: computer vision, biometric identification, iris, periocular region, image processing, segmentation, image qual-
ity improvement, video surveillance, feature extraction, multimodal biometrics.

Аннотация. В статье рассматривается проблема повышения качества изображений области глаза в системах 
компьютерного зрения для биометрической идентификации. Предложен многоэтапный алгоритм обработки 
изображений, включающий обнаружение лица, локализацию области глаза, выделение зрачка и радужной 
оболочки, сегментацию биометрически значимых областей, а также повышение качества изображения с помощью 
фильтрации, нормализации и усиления контраста. Основное внимание уделяется повышению информативности 
текстурных признаков радужной оболочки и периокулярной области на изображениях, полученных с помощью 
обычных камер видеонаблюдения в условиях недостаточной освещённости, шума, размытия и ограниченного 
разрешения. Новизна работы заключается в объединении методов удаления бликов, локального усиления 
контраста и нейросетевого сверхразрешения в единую систему предварительной обработки изображений, 
получаемых с обычных RGB-камер. Экспериментальные результаты показывают, что предложенный подход 
повышает качество визуальных данных, улучшает выделение биометрических признаков и способствует 
повышению эффективности последующей идентификации.

Ключевые слова: компьютерное зрение, биометрическая идентификация, радужная оболочка, периокулярная 
область, обработка изображений, сегментация, повышение качества изображения, видеонаблюдение, выделение 
признаков, мультимодальная биометрия.

I N T R O D U C T I O N
Iris recognition is one of the most reliable areas of computer vision in biometric identification owing to the 

unique textural structure of each person’s iris [1]. Modern computer vision systems can automatically detect 
a face, localize the eye region, identify biometrically significant elements and recognize a user on the basis of 
visual features.

However, the effectiveness of computer vision algorithms depends directly on the quality of the input 
images. Under real video surveillance conditions, eye images are often characterized by low resolution, noise, 
blur, uneven lighting and partial occlusion of biometric areas [2]. These factors lead to the loss of textural 
information of the iris and reduce the accuracy of subsequent recognition.

To solve this problem, computer vision systems apply image preprocessing methods aimed at improving 
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the quality of visual data before the feature extraction stage. Multi-stage processing, which includes face 
detection, localization of the eye region, pupil and iris segmentation, image normalization, noise reduction and 
enhancement of textural characteristics, is of particular relevance.

The object of the study is the image of the eye region obtained by conventional RGB cameras, and the 
subject is the set of methods for preprocessing and enhancing such images. The purpose of this work is to 
develop a computer vision algorithm for preprocessing eye region images that improves the visualization of 
the iris and the extraction of biometric features for subsequent identification. The objectives are: 1) to analyse 
existing approaches to iris segmentation and enhancement; 2) to develop a multi-stage processing framework; 
3) to evaluate the effect of the proposed framework on images of different quality.

L I T E R A T U R E  R E V I E W
The classical approach to iris recognition was established by J. Daugman, who proposed localizing the 

iris with integro-differential operators, normalizing it into a fixed rectangular representation and encoding its 
texture with Gabor filters [1]. Bowyer, Hollingsworth and Flynn summarized the subsequent development of this 
approach and showed that image acquisition and segmentation errors remain the main factors contributing to 
recognition errors [3]. Proença and Alexandre introduced the UBIRIS database of noisy iris images captured 
under visible light and less constrained conditions, which drew attention to the problem of low-quality input data 
[2].

With the development of deep learning, the focus of research has shifted towards data-driven methods. 
Nguyen, Fookes, Ross and Sridharan demonstrated that features extracted by off-the-shelf convolutional 
neural networks can achieve high iris recognition accuracy [4]. Zhao and Kumar proposed a fully convolutional 
network that learns spatially corresponding iris features and improves matching accuracy [5]. Comprehensive 
surveys by Nguyen, Proença and Alonso-Fernandez [6] and by Yin and co-authors [7] show that deep learning 
is now widely used in segmentation, recognition and presentation attack detection, while image enhancement 
has received comparatively less research attention. Tapia, Gonzalez and Busch addressed the reliability of iris 
systems against spoofing by means of a cascade of dedicated deep networks [8].

Research on the periocular region, initiated by Park, Ross and Jain, showed that the area around the 
eye carries discriminative information in the visible spectrum when the iris itself is of insufficient quality [9]. 
For the preprocessing stage, the literature offers well-established tools: the Viola and Jones cascade for fast 
face detection [10], the MediaPipe framework for landmark-based localization [11], contrast-limited adaptive 
histogram equalization (CLAHE) for local contrast enhancement [12], and generative super-resolution models 
ESRGAN [13] and Real-ESRGAN [14] for restoring fine details. General machine learning foundations for such 
pipelines are reviewed by Alzubi, Nayyar and Kumar [15].

Unlike the cited works, which mainly concentrate either on near-infrared acquisition or on the recognition 
stage, the present study focuses on a combined preprocessing framework for ordinary RGB cameras, in 
which glare removal, local contrast enhancement and super-resolution are applied sequentially before feature 
extraction.

R E S E A R C H  M E T H O D O L O G Y
The proposed method consists of several successive stages of image processing, implemented with the 

OpenCV library [16].
Image acquisition. At the first stage, a photograph is taken with a digital camera or webcam. The image 

may contain a person’s face in whole or in part.
Face detection. Object detection methods based on Haar cascade algorithms [10] or modern neural 

network models such as YOLO and MediaPipe Face Detection [11] are used to localize the face region. The 
result of this stage is a bounding box of the face.

Extraction of the eye region. After the face is detected, the eyes are located using facial landmarks. The 
eye coordinates make it possible to select separate regions of interest (ROI) containing the left and right eyes.

Segmentation of the pupil and iris. To determine the central region of the eye, the pupil is located by 
binarization and the Hough transform for circles. After the pupil boundary is determined, the iris region lying 
between the inner and outer radii is calculated [1]. The resulting region is normalized and cropped for further 
processing.

Image quality improvement. Modern image processing methods are used to improve the quality of 
the iris texture: median filtering to remove noise; CLAHE for local contrast enhancement [12]; sharpening by 
unsharp masking; super-resolution based on the ESRGAN or Real-ESRGAN neural network models [13; 14]; 
suppression of blur by deblurring methods; and adaptive enhancement of textural features.
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After processing, the iris image contains more pronounced textural patterns suitable for extracting biometric 
features.

A N A LY S I S  A N D  R E S U LT S
To evaluate the effectiveness of the method, eye images of various quality were processed. After the 

algorithm was applied, the following effects were observed: improved contrast of the iris, reduced noise, greater 
clarity of texture lines and better visual separation of the pupil and iris.

In low-resolution images, the use of super-resolution made it possible to restore fine details of the iris 
structure. The use of CLAHE significantly improved local contrast without excessive amplification of noise. The 
results demonstrate that comprehensive preprocessing contributes to better extraction of biometric features.

After preprocessing, the iris is localized and segmented. Contrast and sharpness enhancement techniques, 
including CLAHE and image filtering, are then applied to the selected region. As a result, the textural features 
and individual patterns of the iris used in biometric recognition are enhanced (Figure 1).

Figure 1. Segmentation and enhancement of the iris texture (input eye image, specular reflection removal, iris 
localization and segmentation, enhanced iris feature extraction)1

At the first stage of processing, the initial image of the eye is obtained. Next, the specular reflection removal 
method is used to reduce the effect of reflections from light sources on the surface of the eye. This improves 
image quality and the visibility of the iris for subsequent segmentation (Figure 2).

Figure 2. Original eye image and removal of light glare (original eye image, glare removal, specular reflection mask, 
iris segmentation, enhanced iris texture)2

The proposed approach improves the image quality of the iris when conventional RGB cameras are used 
without specialized infrared equipment, which makes the system more accessible for mobile and embedded 
biometric applications. This result is consistent with the observations of Park, Ross and Jain on the usefulness 
of visible-spectrum ocular data [9]. Despite the positive results, segmentation quality may deteriorate in the 
presence of glare, eyelid closure or a strong head tilt.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
The paper presents a multi-stage method for improving the quality of iris images for biometric recognition 

tasks. The algorithm includes face detection, eye localization, pupil and iris segmentation and the use of modern 
image quality enhancement techniques. The results show that the proposed approach improves the visibility of 
iris texture patterns and increases the information content of images for subsequent recognition.

On the basis of the results, the following is suggested: 1) to use the method in biometric authentication 
systems, security systems and mobile computer vision applications; 2) to apply deep convolutional neural 

1	  Source: developed by the authors based on the research results.
2	  Source: developed by the authors based on the research results.
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networks for more accurate detection of iris boundaries and restoration of textures [6]; 3) to use generative 
models for intelligent enhancement of low-quality source images [14]; 4) to supplement the proposed processing 
framework with presentation attack detection in order to increase system reliability [8].
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