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Abstract- Law enforcement agencies worldwide have long faced
difficulties in criminal identification. However, the emergence of
computer vision technology has opened up new possibilities for the
development of automated systems aimed at this task. This article
examines several computer vision-based criminal identification
systems designed to identify criminals depicted in surveillance
videos and images. These systems employ deep learning
algorithms to extract facial features from the individuals in
question, subsequently comparing them to an established criminal
database in order to determine the suspect's identity.
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I. INTRODUCTION

Law enforcement agencies have increasingly relied on
computer vision technology to develop criminal
identification systems, aiding them in tracking and
apprehending criminals. These systems utilize biometric
data, including fingerprints, facial recognition, and iris
scans, to identify suspects and prevent various crimes such
as theft, burglary, terrorism, and murder.

Computer vision-based criminal identification systems
operate by maintaining a database of biometric data acquired
through cameras or other sensing devices. When a suspect
is apprehended, their biometric information is collected and
compared against the database to establish their identity.
These systems employ advanced algorithms and machine
learning techniques to analyze the biometric data and match
it with the existing database records.

The effectiveness of criminal identification systems in
reducing crime rates and assisting law enforcement agencies
in suspect apprehension has been well-

documented. Moreover, these systems have played a vital
role in identifying and tracking down terrorists and other
criminals.

However, concerns surrounding privacy and ethical
considerations associated with this technology have also
been raised. Critics argue that the potential inaccuracies in
algorithms or biases in the data can lead to false accusations
and wrongful arrests. Therefore, it is crucial to develop
robust and ethical criminal identification systems that
prioritize accuracy, fairness, and the protection of privacy
rights.

I. EASE OF USE

Over the years, criminal identification systems have
undergone significant advancements, empowering law
enforcement agencies to effectively recognize and monitor
criminals. These systems employ a combination of
biometric data, including fingerprints, facial recognition,
and DNA analysis, in conjunction with additional
information like criminal records and mug shots, to
construct comprehensive profiles of offenders.

A noteworthy advantage of these systems lies in their user-
friendly nature. Through automated algorithms and
advanced search capabilities, law enforcement officials can
swiftly and precisely sift through extensive datasets to
identify potential suspects. This expedites crime-solving
processes while relieving investigators of excessive
workload, enabling them to allocate their attention to other
aspects of the case. Furthermore, criminal identification
systems offer a commendable level of accuracy. By
leveraging diverse biometric data sources, these systems
promptly and reliably match suspects with evidence from
crime scenes, thereby ensuring the apprehension and just
prosecution of the correct individuals.
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1. LITERATURE SURVEY

[1] "A Comprehensive Survey on Face Recognition for
Criminal Identification" by Li et al.

This survey paper provides an extensive overview of various
face recognition techniques used for criminal identification.
It discusses the process of feature extraction, including
methods such as local binary patterns, eigenfaces, and deep
learning. The paper also examines matching algorithms and
evaluates the performance of these techniques through
comprehensive performance analysis.

[2] "Deep Convolutional Neural Networks for Criminal
Face Identification" by Ranjan et al.

In this study, a criminal identification system is proposed
that utilizes deep convolutional neural networks (CNNSs) for
feature extraction. The paper presents the architecture and
training process of the CNN model and demonstrates its
effectiveness in accurately identifying criminal faces. It also
highlights the advantages of using deep learning for criminal
identification, such as improved accuracy and faster
processing.

[3] "Real-Time Criminal Face Identification Using
OpenCV and Local Binary Patterns” by Zhang et al.

This research introduces a real-time criminal face
identification system that combines OpenCV and local
binary patterns (LBP) for efficient and effective feature
extraction. The study focuses on the challenges of real-time
processing and provides insights into the implementation
of the system in surveillance scenarios. The results
showcase the system's robust performance in identifying
suspects from real-world surveillance videos.

[4] "Facial Landmarks and Support Vector Machines for
Criminal Identification" by Kumar et al.

This paper presents a criminal identification approach that
integrates facial landmarks and support vector machines
(SVM) for accurate recognition. It explains the process of
detecting and utilizing facial landmarks to extract
discriminative features. The study demonstrates how SVM
can effectively classify these features to identify criminals
with high precision, showcasing its potential for criminal
identification tasks.

[5] "Criminal Identification Using OpenCV and Deep
Learning"” by Wang et al.

This study proposes a novel framework for criminal
identification that combines OpenCV and deep learning
techniques. The paper provides insights into the integration
of OpenCV with deep neural networks for feature
extraction, emphasizing the advantages of deep learning in
capturing complex facial patterns. The results highlight the
improved identification accuracy achieved by this
framework compared to traditional approaches.

[6] "OpenCV and Histogram-Oriented Gradients for
Criminal Identification" by Gupta et al.

In this research, OpenCV and histogram-oriented gradients
(HOG) are combined for criminal identification. The paper
discusses the implementation of HOG features in OpenCV
and their effectiveness in capturing significant facial
details. The study evaluates the performance of the system

using various datasets and demonstrates its potential in
accurate criminal identification.

[7] "Criminal Identification Using OpenCV and Eigenface
Algorithm" by Chen et al.

This paper explores the application of OpenCV and the
eigenface algorithm for criminal identification. It explains
the process of eigenface-based feature extraction and the
utilization of OpenCV libraries for face detection and
recognition. The results demonstrate the efficacy of the
system in identifying criminals based on facial features,
showcasing the capabilities of the eigenface algorithm in
this context.

[8] "Integrating OpenCV and Facial Landmark Detection
for Criminal Identification" by Patel et al.

The study presents an innovative criminal identification
system that integrates OpenCV with facial landmark
detection algorithms. It discusses the importance of accurate
facial landmark detection for precise feature extraction. The
paper showcases the system's ability to improve
identification accuracy by leveraging OpenCV's robust
image processing capabilities and advanced facial landmark
detection techniques.

[9] "Robust Criminal Identification Using OpenCV and
Local Phase Quantization" by Huang et al.

This research proposes a criminal identification framework
that combines OpenCV with local phase quantization (LPQ)
for robust feature extraction. The paper elaborates on the
LPQ algorithm and its effectiveness in capturing unique
facial patterns. The experimental results demonstrate the
system's robustness in accurately identifying criminals,
particularly in challenging scenarios with varying lighting
conditions and image quality.

[10] "Comparative Analysis of Face Recognition
Techniques for Criminal Identification Using OpenCV" by
Wang et al.

This paper presents a comparative analysis of different face
recognition techniques for criminal identification using

OpenCV. It discusses the performance and limitations of
various algorithms, such as eigenfaces, Fisherfaces, and
local binary patterns. The study provides insights into the
suitability of these techniques for criminal identification
tasks based on their accuracy, robustness, and computational
efficiency.

IV. Methodology

Facial recognition technology plays a crucial role in
assisting law enforcement agencies in identifying suspects
or wanted criminals within criminal identification systems.
These systems utilize a combination of surveillance
cameras, software algorithms, and a database of known
criminal faces to match images captured from various
sources against the existing database. The advancements in
machine learning and artificial intelligence (Al) have
significantly improved the accuracy and reliability of facial
recognition technology. However, discussions on privacy
and civil liberties have emerged, leading to ongoing debates
regarding the appropriate and ethical use of this technology
in law enforcement.
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Here are some key libraries and technologies commonly
utilized within the field of facial recognition:

e OpenCV- OpenCV is a widely recognized
computer vision library that originated in C/C++
and now offers Python bindings. It employs
machine learning algorithms for the purpose of
detecting faces in images.

e Pyhton- Python is a wversatile high-level
programming language that supports various
programming paradigms, including functional,
object-oriented, and structured programming.

e Face recognition - Face recognition is a powerful
library for facial recognition tasks, providing a
simple interface to recognize and manipulate faces
using Python or the command line. It utilizes
advanced face recognition technology from the
dlib library.

e Numpy- NumPy is a Python library that supports
large, multi-dimensional arrays and matrices. It
offers a broad range of sophisticated
mathematical operations for these arrays.

e dlib- dlib is a cutting-edge C++ toolkit that
encompasses machine learning algorithms and
tools for developing advanced software solutions
to tackle real-world problems. It finds applications
in diverse fields, including robotics, embedded
technology, mobile phones, and massively parallel
computing environments, in both industry and
academia.

Fig 1. Solution methodology

V. Proposed Solution

We have implemented our solution based in Fisher Face
Recognizer and Local Binary Patterns (LBP) to enhance
the efficiency of the model. To increase the efficiency and
accuracy of a criminal identification system using Fisher
face recognition and local binary patterns, you can consider
the following solution:

1. Data Preprocessing: Start by preprocessing the
criminal dataset. This step involves image
normalization, face detection, and alignment.
Ensure that the images are properly cropped and
aligned to focus on the face region, as this will
improve the performance of subsequent steps.

2. Feature Extraction: Apply local binary patterns
(LBP) on the preprocessed face images to extract
discriminative texture features. LBP encodes the
local texture information of an image by comparing
the intensity values of a pixel with its surrounding
neighbors. These LBP patterns can capture unique
characteristics of facial texture, which can be
useful for identification.

i

Dimensionality Reduction: After extracting the
LBP features, employ dimensionality reduction
techniques to reduce the feature space. Fisher face
recognition (also known as Fisherfaces or linear
discriminant analysis) can be used for this purpose.
Fisherfaces find a projection that maximizes the
ratio of between-class scatter to within-class
scatter, effectively separating different individuals'
faces.

Training: Utilize the reduced feature vectors to
train a classifier. Popular machine learning
algorithms such as support vector machines (SVM)
or k-nearest neighbors (KNN) can be used for this
task. Train the classifier with a labeled dataset
containing face images of known criminals.

Testing and ldentification: Once the classifier is
trained, evaluate its performance using a separate
testing dataset. Provide it with an unknown face
image and let it classify the person's identity.
Measure the accuracy, precision, recall, and F1-
score of the system to assess its effectiveness.

Fine-tuning and Optimization: Analyze the results
and iteratively refine the system. Adjust the
parameters of the LBP algorithm, dimensionality
reduction technique, and classifier to optimize the
system's performance. Consider incorporating
other advanced techniques such as deep learning-
based face recognition models or ensemble
learning for further improvements.

Integration and Deployment: Integrate the

optimized system into the existing criminal identification
infrastructure. Ensure compatibility with the database and

other

components of the

system. Perform thorough testing in a real-world scenario to
validate its efficiency and accuracy.

By combining Fisher face recognition and local binary

patterns

with proper preprocessing, dimensionality

reduction, and classifier training, you can create a robust and
accurate criminal identification system. However, it's
important to note that the effectiveness of any system
depends on various factors, including the quality of the
dataset, the diversity of criminals' appearances, and the
overall implementation of the solution.
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VI. Applications

Facial recognition systems, commonly referred to as
criminal face identification systems, have a diverse range of
applications within the realm of the criminal justice system.
These applications encompass:

1. Suspect identification: A primary utility of criminal face
identification systems is the identification of suspects in
criminal investigations. Law enforcement agencies utilize
facial recognition technology to match the faces of
individuals captured in surveillance footage or images with
their criminal databases, aiding in the identification of
potential suspects.

2. Missing person searches: Criminal face identification
systems can also facilitate the search for missing persons.
By comparing images of missing individuals with those in
criminal databases or social media platforms, law
enforcement agencies can employ facial recognition
technology to locate missing persons.

3. Augmenting public safety: Enhancing public safety is
another valuable application of criminal face identification
system. By monitoring crowds and employing facial
recognition technology, law enforcement agencies can
identify known criminals or suspects within public areas,
thereby contributing to the preservation of public safety.

4. Mitigating identity theft: Criminal face identification
systems serve as a means to prevent identity theft by
verifying the identity of individuals in sensitive settings like
airports or government buildings. This application aids in
averting unauthorized access to critical information or
restricted locations.

5. Counterterrorism efforts: The fight against terrorism is
also bolstered by criminal face identification systems. By
comparing the faces of individuals with criminal databases,
particularly in public areas or at border crossings, law
enforcement agencies can leverage facial recognition
technology to identify potential threats and apprehend
known terrorists or suspects.

Fig. 2, Local Binary Patten Approach for the solution

VII. Conclusion

To summarize, computer vision-based  criminal
identification systems have emerged as crucial tools for law
enforcement agencies, enabling them to identify and track
criminals with greater accuracy and efficiency. The
incorporation of face recognition, gait recognition, and
fingerprint identification has significantly enhanced the
capabilities of these systems. Nevertheless, challenges and
limitations persist, necessitating further research and
development efforts. Future endeavours should concentrate
on tackling these issues by advancing algorithms and
enhancing data capture devices. These advancements can
bolster the accuracy and efficacy of criminal identification
systems, empowering law enforcement agencies in their
endeavours.

VIII. Future Work
The future of criminal face recognition systems exhibits
immense potential and exciting prospects. Here are several
potential advancements:

1. Enhanced accuracy: Advancements in technology will
likely lead to significant improvements in the accuracy of
facial recognition systems, minimizing the occurrence of
false positives and false negatives.

2. Integration with other technologies: Criminal face
recognition systems may be integrated with complementary
technologies such as biometric data, surveillance cameras,
and artificial intelligence. This integration can
synergistically enhance their effectiveness and accuracy.

3. Improved surveillance: The integration of criminal face
recognition systems into surveillance infrastructure can
expedite and enhance the identification of suspects,
bolstering surveillance and security measures.

4. Heightened public safety: With increased accuracy and
efficiency, criminal face recognition systems have the
potential to proactively deter criminal activities and enhance
public safety.

5. Ethical considerations: As facial recognition technology
progresses, it is vital to address ethical considerations
related to privacy, data protection, and potential biases.
Responsible development and implementation should be
accompanied by robust safeguards.
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