© January 2026 | IJIRT | Volume 12 Issue 8 | ISSN: 2349-6002

Acquisition of Facial Images for Biometrics

Samadhan S. Ghodke !, Prapti D. Deshmukh 2, Anand D. Kadam 3,
Manisha B. More*, Shalini B. bakal’, Akshay P. Deshpande®
L23436ny G. Y. Pathrikar College of Computer Science and IT,
MGM University (MH), Chhatrapati Sambhajinagar, India

Abstract—Facial image acquisition is a critical
component of biometric  authentication and
identification systems, yet remains challenging in
unconstrained real-world environments. This paper
provides a comprehensive analysis of facial image
acquisition techniques, standards, and challenges for
biometric  applications. @ We examine current
international standards (ISO/IEC 19794-5),
preprocessing methodologies, and practical
implementation challenges including variable lighting,
pose variations, occlusions, and low-resolution imagery.
We present empirical findings from recent surveillance
and access control implementations, demonstrating that
effective quality assessment frameworks can reduce false
rejection rates by up to 99.7%. Our review of state-of-
the-art approaches reveals that integration of automated
quality assessment with deep learning-based face
detection achieves optimal performance in constrained
and unconstrained scenarios. Future directions include
adaptation to emerging IloT-based systems and real-time
mobile biometric applications.

Index Terms—Facial image acquisition, Biometric
authentication, Image preprocessing, Face detection,
Quality assessment, ISO standards.

[. INTRODUCTION

Facial recognition has emerged as one of the most
important biometric modalities due to its non-intrusive
nature, cost-effectiveness, and universal applicability
[1]. Unlike fingerprints or iris recognition, facial
images can be captured remotely without direct
subject cooperation, making them suitable for
surveillance, border control, access management, and
identity verification [2]. However, the accuracy and
reliability of facial recognition systems fundamentally
depend on the quality of acquired facial images [3].
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The acquisition of facial images presents distinct
challenges compared to other biometric modalities.
Variable environmental conditions including
illumination  variations, subject pose, facial
expressions, occlusions (glasses, masks, hair), and
image resolution significantly impact system
performance [4]. These challenges have driven
extensive research into standardized acquisition
protocols and preprocessing techniques.

This paper synthesizes current knowledge on facial

image acquisition for biometric systems. We examine:

+ International standards and specifications for facial
image capture

* Technical parameters including resolution, inter-
eye distance (IED), and geometric specifications

* Preprocessing  methodologies  for  quality
improvement

* Real-world  challenges in  unconstrained
environments

* Quality assessment frameworks and their impact
on verification accuracy

* Emerging applications in I[oT and mobile
platforms.

II. METHODOLOGY

Image acquisition begins with IoT-enabled camera
sensing under unconstrained conditions, followed by
frame sampling, basic quality validation, secure
transmission, and structured buffering before entering
the preprocessing pipeline.
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Fig 1: Image Acquisition Flow Diagram

III. STANDARDS FOR FACIAL IMAGE
ACQUISITION

3.1 ISO/IEC 19794-5 Framework

The primary international standard for facial image
acquisition is ISO/IEC 19794-5, which specifies the
face image record format and capture specifications
[5]- This standard defines two main image types: full
frontal and token frontal images. Full frontal images
include the complete head width, all hair in most cases,
and neck and shoulders, similar to identification card
photographs. Token frontal images specify geometric
constraints with precise eye positioning based on
image dimensions [5].
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The Face Image Record Format includes:

1. CBEFF Header (Common Biometric Exchange
Formats Framework)

2. Facial Record Header with demographic
information

3. Facial Record Data including facial information,
feature points, and image data

4. Optional CBEFF Signature for encryption and
digital verification

3.2 Technical Specifications

Inter-Eye Distance (IED): A critical parameter for
facial recognition is the Inter-Eye Distance, the pixel
distance between the centers of the eyes. Standard
adult IED is approximately 64mm in real-world
measurements [4]. For automated recognition systems,
pixel-level IED requirements typically range from 64
to 128 pixels, with 80 pixels representing a common
baseline for robust performance under non-ideal
conditions [4].

Resolution Requirements: Camera resolution directly
determines the horizontal scene capture width within
which facial recognition remains feasible. Table 1
presents the relationship between camera resolution,
required IED, and achievable capture width.

Camera IED Horizontal Capture
Resolution (pixels) Width (m)
2MP
(1920x1080) 64 1.92
2MP 30 1.53
2MP 128 0.96
SMP 80 3.84

Table 1: Camera Resolution and Facial Recognition
Capture Space

Geometric Specifications: Optimal facial image
capture typically employs cameras mounted between
1.83m and 2.44m height, providing ideal capture
geometry for frontal face images [4]. The zone of
recognition represents the subset of the camera's field
of view within which facial recognition conditions are
optimized, typically smaller than the total field of
view.

IV. IMAGE ACQUISITION CHALLENGES IN
UNCONSTRAINED ENVIRONMENTS

4.1 Key Challenge Categories

Facial image acquisition in real-world environments
faces several critical challenges that degrade
recognition system performance:
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e Illumination Variations: Uneven lighting,
shadows, and reflections create inconsistent
brightness across facial regions, increasing intra-
class  variability and reducing feature
distinctiveness [6]

*  Pose Variations: Head rotation along yaw, pitch,
and roll axes creates different facial projections,
with extreme angles reducing recognition
accuracy significantly [2]

¢ Occlusions: Glasses, masks, scarves, and hair
covering facial regions reduce visible biometric
information and feature point detection accuracy
(3]

* Low Resolution: Surveillance cameras with
insufficient resolution produce insufficient pixel
density for reliable feature extraction [4]

*  Motion Blur: Subject movement during image
capture introduces blur, particularly problematic
in real-time video surveillance scenarios [6]

e Facial Expression Changes: Variations in
expression, particularly mouth position and eye
region appearance, affect feature consistency [2]

*  Age Variation: Aging-related facial changes alter
appearance features over time, affecting template
matching in long-term verification scenarios [2]

4.2 Environmental Factors in CCTV Surveillance
Recent studies in unconstrained CCTV environments
have documented specific challenges affecting
operational systems [3]. Analysis of real surveillance
footage from 600 subjects in Dubai revealed that
without quality filtering, baseline face verification
achieved only 86.81% accuracy with false rejection
rates exceeding 13.19% [3]. The dominant factors
contributing to poor-quality images were face
resolution variations and pose deviations, both
inherent to surveillance capture.

V. IMAGE PREPROCESSING AND QUALITY
IMPROVEMENT TECHNIQUES

5.1 Preprocessing Pipeline

Effective facial image acquisition requires systematic

preprocessing to convert raw captured images into

formats suitable for recognition algorithms. Modern

preprocessing comprises three main stages:

1. Image Standardization: Resize images to
consistent dimensions (typically 224x224 or
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299%299 pixels), normalize lighting, and align
facial features [6]

2. Quality Improvement: Apply noise reduction and
sharpening to enhance facial detail clarity without
introducing artifacts [6]

3. Detection and Alignment: Detect facial
landmarks and apply transformations to
normalize pose and geometry [6]

Raw Image

ROI Image

Resize Image (224%224)

Fig 2: Resize image in standardize format.

5.2 Lighting and Color Normalization

Histogram equalization represents a fundamental
technique for addressing illumination variations,
enhancing contrast by redistributing pixel intensities
across the full dynamic range [6]. Color normalization
converts images to consistent color spaces (e.g., RGB
or YCbCr) and adjusts white balance to eliminate
color tints while normalizing intensity values.
Advanced approaches employ adaptive local methods,
applying different enhancement parameters to
different facial regions to account for localized
lighting variations. These techniques improve
recognition performance, particularly in surveillance
scenarios with non-uniform illumination [6].

5.3 Noise Reduction Methods

Multiple noise reduction strategies are employed

depending on noise characteristics:

* Gaussian Filtering: Applies weighted averaging
with surrounding pixels, smoothing noise while
preserving edge structure through careful kernel
selection (typically 3%3 or 5x5) [6]

*  Median Filtering: Replaces pixels with median
values from neighboring regions, effectively
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removing salt-and-pepper noise while preserving
edges [6]

* Non-Local Means Denoising: Compares similar
image patches throughout the image, reducing
noise while preserving textures and patterns [6]

Deep Learning Denoising: Al-driven approaches (e.g.,

DnCNN) handle complex noise patterns while

maintaining critical facial feature clarity [6]

5.4 Facial Feature Detection and Alignment
Multi-scale facial landmark detection identifies
primary anatomical features: eyes, nose, mouth, and
jaw contours [6]. Modern systems employ deep
learning models for robust detection under challenging
conditions. Alignment techniques apply similarity or
perspective transformations to normalize head pose,
compensating for rotation and scale variations.

VI. FACE QUALITY ASSESSMENT AND ITS
IMPACT ON SYSTEM PERFORMANCE

6.1 Quality Assessment Framework

Recent research demonstrates that integration of
automated face quality assessment as a preprocessing
step substantially improves verification reliability [3].
A lightweight quality assessment framework
employing normalized facial landmarks with Random
Forest classification achieved 96.67% accuracy in
distinguishing high-quality from low-quality face
images [3].

6.2 Impact on Verification Metrics

Empirical evaluation on real CCTV footage (600
subjects) revealed dramatic performance
improvements when quality filtering was applied:

All Images Quality-

Metric (Baseline) Filtered
Mean Cosine Similarity 66.00 76.00
False Rejection Rate 13.19 4.00

(%)

False Acceptance Rate Not specified Improved

Table 2: Face Verification Performance: Quality
Filtering Impact

The mean cosine similarity between matching face
pairs increased by 15% with quality filtering (0.66 —
0.76), indicating stronger matches between genuine
pairs [3]. Most significantly, false rejection rate
decreased from 13.19% to 0.04%, representing a
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99.7% reduction in false rejections where legitimate
users are incorrectly rejected [3].

This correlation between human-annotated quality
assessment and improved face verification
performance validates the importance of quality
thresholds in operational systems, particularly for
unconstrained environments like CCTV surveillance.

VII. CONCLUSION AND FUTURE DIRECTIONS

Facial image acquisition for biometric systems
remains a complex  challenge spanning
standardization, environmental adaptation, and
algorithmic preprocessing. Current ISO/IEC standards
provide essential frameworks for controlled scenarios,
yet real-world deployment requires additional quality
assurance mechanisms and preprocessing pipelines.

Key findings from contemporary research indicate

that:

* Automated face quality assessment provides
substantial verification performance
improvements, reducing false rejection rates by
up to 99.7%

*  Multi-scale preprocessing addressing lighting,
noise, and pose variations improves recognition
accuracy substantially

* Real-time surveillance environments require
systems specifically engineered for low-
resolution, variable-pose, and non-uniform
illumination conditions

*  Deep learning approaches outperform traditional
handcrafted methods in unconstrained image
acquisition scenarios

Future research directions include:

» Extension of quality assessment frameworks to
handle additional degradation factors (occlusions,
extreme lighting, compression artifacts)

* Integration with IoT-based systems and edge
computing for real-time preprocessing on
resource-constrained devices like Raspberry Pi

* Development of liveness detection and
presentation attack detection integrated with
image acquisition pipelines

* Adaptation to emerging mobile biometric
applications requiring capture from user-held
devices
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*  Privacy-preserving acquisition protocols
addressing GDPR and data protection
requirements

Advancement in facial image acquisition directly
enables more reliable and secure biometric systems
across diverse applications from border control to
access management and identification verification.
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