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Abstract. Given the increasing importance of human target detection in various security applications, many existing
systems face challenges related to cost, accuracy, and adaptability. This work presents the development of a machine
learning-based system called Human Target Detection and Acquisition, designed to assist security personnel in the
detection and tracking of human targets through an adaptive and cost-effective approach. In this, standard CCTV
cameras provide visual data, which intelligent algorithms process to identify and track human targets, even in
challenging conditions. The system offers user-specific dashboards: administrators can monitor detections and adjust
system parameters, while security personnel receive real-time alerts and tracking information. Additionally, it
supports continuous improvement through its machine learning capabilities, allowing for enhanced performance over
time without the need for hardware upgrades. The architecture of the platform relies on TensorFlow, OpenCV, and
database integration for efficient handling of video processing and data management. Initial testing suggests that it
can provide accurate and reliable human target detection while significantly reducing costs compared to hardware-
intensive solutions. Future work includes expanding the system's capabilities to handle multiple camera feeds
simultaneously and implementing more advanced tracking algorithms.
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1 INTRODUCTION

Human target detection and tracking have become critical components in modern security systems,
essential for enhancing public safety, border control, and facility security. Traditional approaches to human
detection often rely on expensive specialized hardware, such as infrared cameras, LIiDAR sensors, and high-
resolution imaging systems. While these hardware-intensive solutions can provide reliable results, they come
with significant drawbacks, including high initial and maintenance costs, limited scalability, and reduced
effectiveness in challenging environmental conditions. The primary challenges identified in current human
detection systems include:

High costs associated with specialized hardware procurement and maintenance

Limited adaptability to diverse environments and lighting conditions

Scalability issues when expanding coverage to larger areas or multiple locations

Performance degradation in challenging weather conditions or low-light scenarios

This paper proposes a software-centric approach that leverages machine learning and computer vision
techniques to address these challenges. By utilizing standard CCTV cameras and intelligent algorithms, it aims
to provide a cost-effective, scalable, and adaptive solution for human target detection and acquisition in various
security applications.

This system enables a continuous improvement loop where the algorithms learn from new data,
enhancing detection accuracy over time without the need for hardware upgrades. Furthermore, it encourages
collaboration by offering different user interfaces for administrators and security personnel, facilitating efficient
information sharing and decision-making.

Development and features of this approach will be discussed in this paper, with its potential impact on
security practices evaluated and future enhancements explored.

2 LITERATURE SURVEY
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A comprehensive review of existing literature reveals the evolution of human detection techniques and
highlights the need for more adaptive and cost-effective solutions. The following table summarizes key findings
from recent research:

Authors Title Year Key Findings Limitations
Z.Zou, Z.Shi, Y. | Deep Learning 2019 Comprehensiv| High
e
Guo, J. Ye for Object survey of deep| computational
Detection: A learning in requirements for
object
Comprehensive detection, some advanced
Review including models
human
detection
P. Ren, W. Fang, Real-time 2022 Evaluation of | Trade-off between
S. Djahel Human lightweight accuracy and
Detection in models for speed in
Edge Devices: A human resource-constrain
Benchmark and detection on ed environments
Survey edge devices
S. Savazzi, S. loT-Based 2021 Novel Complexity in data
Sigg, M. Nicaoli, Human approach fusion and
V. Rampa, S. Detection Using combining synchronization
Kianoush, U. Fusion of Radar radar and
Spagnolini and Computer vision data
Vision for robust
detection
X. Zhu, H. Hu, S. Omni-supervise 2022 New Challenges in
algorithm
Lin, J. Dai d Object for object handling diverse
Detection: detection with | object classes
Towards Full minimal
Automation of supervision
Object
Detection
A. Saeed, A. Human 2021 Robust Difficulty in
Al-Kaff, A. Detection and detection handling rapid
Hussein Tracking in system  for| environmental
Industrial complex changes
Environments: industrial
A settings with
Comprehensive occlusions
Review and moving
machinery

3 METHODOLOGY
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The development of this project followed a structured approach to ensure that the resulting system
effectively addresses the identified challenges in human target detection and acquisition. Our methodology
comprised several key steps:

3.1 Requirements Gathering and Analysis

We began with comprehensive study of the needs of security personnel and institutions regarding
human detection systems. This include:

1. Stakeholder Analysis

Engaging with security professionals, system administrators, and end-users to understand their specific
requirements and pain points with existing systems.

2. Literature Review

Examining current solutions and academic research to identify gaps and opportunities for innovation.

3. Functional Requirements

Documenting essential functionalities such as real-time detection, tracking capabilities, and user
interface requirements for different roles.

4. Non-functional Requirements

Defining performance benchmarks, scalability needs, and security considerations for the system.

3.2 System Design

Based on the gathered requirements, a modular system architecture has been designed to support
several platform components:

e Data Acquisition Module: Interfaces with standard CCTV cameras to capture video feeds.

e Pre-processing Module: Prepares video frames for analysis, including noise reduction and image

enhancement.

e Detection and Tracking Module: Implements machine learning algorithms for human detection and

tracking.

e  User Interface Module: Provides role-based access for administrators and security personnel.

e Database Module: Manages storage and retrieval of detection events and system logs.

3.3 Activity Diagram:
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Start CCTV Monitoring

ML Model Predicts Action
System displays results

@
3.4 Algorithm Selection and Model Development

For the core detection and tracking functionality, we evaluated several state-of-the-art algorithms:

YOLO (You Only Look Once): For its real-time object detection capabilities.
Faster R-CNN: Known for high accuracy in object detection tasks.

LRCN: Combination of LSTM and CNN.

After extensive testing, we chose LRCN as our primary detection algorithm due to its superior

performance in real-time scenarios and adaptability to various environmental conditions.

3.5 System Implementation
The implementation phase involved:

Data Collection: Gathering diverse datasets for training and testing, including scenarios with varying
lighting conditions, occlusions, and crowd densities.

Model Training: Utilizing transfer learning techniques to fine-tune pre-trained models on our specific
datasets.

Integration: Combining the trained models with the video processing pipeline and user interface
components.

Optimization: Refining the system for optimal performance on standard hardware configurations.

3.6 Testing and Validations

We conducted rigorous testing to ensure the system's reliability and effectiveness:

Unit Testing: Verifying the functionality of individual components.
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e Integration Testing: Ensuring seamless interaction between different modules.
e Performance Testing: Evaluating the system's speed and accuracy under various conditions.

e User Acceptance Testing: Gathering feedback from potential end-users to refine the interface and
functionality.

3.7 Deployment and Continuous Improvement

Post-development, we focused on:

e Pilot Deployment: Installing the system in controlled environments for real-world testing.

e Feedback Loop: Implementing mechanisms to collect operational data and user feedback for ongoing
improvements.

e Model Updates: Establishing protocols for regular retraining and updating of the detection models
based on new data.

4 RESULTS AND DISCUSSION

The implementation and testing of this yielded promising results, demonstrating significant
improvements over traditional hardware-intensive systems. Key findings include:

4.1 Detection Accuracy

It achieved an average detection accuracy of 88.7% across various testing scenarios, including low-
light conditions and partially occluded targets. This performance is comparable to high-end hardware solutions
while using standard CCTV cameras.

4.2 Cost-Effectiveness

By leveraging existing CCTV infrastructure and eliminating the need for specialized sensors, it reduced
the initial implementation costs by approximately 65% compared to traditional systems. Ongoing maintenance
costs were also significantly lower due to the reduced hardware complexity.

4.3 Challenges and Limitations

While HumanDetect showed significant improvements, some challenges were identified:

e Performance degradation in extremely crowded scenes
e Occasional false positives in complex shadow conditions

e Need for initial calibration period when deployed in new environments These challenges provide
direction for future improvements and research.

5 CONCLUSION AND FUTURE WORK

It demonstrates the potential of machine learning-based approaches to revolutionize human target
detection and acquisition in security applications. By addressing key limitations of traditional systems, such as
high costs and limited adaptability, it offers a viable solution for a wide range of security scenarios.

1. Future work will focus on:
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10.

11.

12.

13.

14.

15.

16.

Enhancing the system's performance in crowded environments through advanced crowd analysis
algorithms

Implementing multi-camera tracking for seamless target handoff across different camera feeds

Exploring the integration of additional data sources, such as audio sensors, for improved detection
accuracy

Developing privacy-preserving techniques to ensure compliance with data protection regulations

As security needs continue to evolve, systems like this will play a crucial role in providing efficient,
accurate, and cost-effective human detection capabilities across various applications.
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