International Journal of Recent Research and Review, Vol. XVIII, Issue 1, March 2025

ISSN 2277 — 8322

DESIGN OF ADVANCED PEDESTRIAN DETECTION SYSTEMS USING
INFRARED AND ULTRASONIC SENSORS

Tarun Kumar Singh', Er. Deepak Mathur®

Civil Engineering Department Kautilya Institute of Technologyand Engineering

Rajasthan, India

'tarunkumarsingh110412@gmail.com

Civil Engineering Department Of Kautilya Institute of Technology, RTU Kota, Rajasthan.

2mathurdeepakl 507@gmail.com

ABSTRACT: Pedestrian safety is a growing
concern, especially in urban areas where
pedestrian-related accidents are prevalent.
Traditional detection systems often struggle
with environmental challenges such as low
visibility during nighttime, fog, or rain,
leading to inaccurate detections and increased
risk. This project addresses these challenges
by developing an advanced pedestrian
detection system using a combination of
infrared and ultrasonic sensors, simulated
entirely in MATLAB. The proposed system
leverages the strengths of both sensor types:
infrared sensors are effective in low-light
conditions, while ultrasonic sensors are robust
in detecting pedestrians in poor visibility
environments, such as fog or rain. Using
MATLAB’s extensive toolboxes for signal
processing, data acquisition, and sensor
fusion, a real-time pedestrian detection
system is developed. The system integrates
both sensors to enhance detection accuracy
and reliability, reducing false positives and
improving response times.To optimize the
system, various environmental conditions
were simulated in MATLAB, including low-
light, foggy, and rainy conditions. The
pedestrian detection algorithms were fine-
tuned to operate efficiently in real-time,
leveraging MATLAB’s parallel computing
capabilities. A weighted sensor fusion

algorithm was employed to combine the data
from infrared and ultrasonic sensors, ensuring
the Dbest performance across diverse
environments. The system was validated
through extensive testing under different
environmental conditions. Comparisons with
single-sensor systems demonstrated that the
combined
significantly improves detection rates while

infrared-ultrasonic system

reducing false positives, making it a reliable
and efficient solution for enhancing
pedestrian safety.

Keywords: Pedestrian detection, infrared
sensor, ultrasonic sensor.

I INTRODUCTION

Pedestrian safety has emerged as a critical
focus area in the domains of traffic
management, urban planning, and automotive
technology. The increasing urbanization and
corresponding rise in vehicular and pedestrian
traffic necessitate advanced solutions to
reduce accidents and fatalities. Pedestrian
detection systems (PDS) represent a fusion of
sensor technologies, machine learning
algorithms, and real-time data processing
designed to detect, track, and ensure the
safety of pedestrians in diverse environments.
The World Health Organization (WHO)
reports that pedestrian fatalities constitute a
significant percentage of road traffic deaths



globally, particularly in developing nations.
Addressing this challenge requires a
combination of policy interventions and
technological innovation. Pedestrian detection
systems offer a promising avenue to mitigate
accidents, particularly in high-traffic urban
areas. By combining artificial intelligence
(AI) with advanced sensors like infrared,
ultrasonic, radar, and LiDAR, these systems
promise enhanced accuracy, reliability, and
responsiveness in detecting pedestrians. This
comprehensive exploration of pedestrian
detection systems delves into their evolution,
technological ~ underpinnings, real-world
applications, and the challenges and
opportunities they present for urban safety
and mobility.

Role of Artificial Intelligence

Artificial Intelligence (Al) has revolutionized
pedestrian detection systems by enabling real-
time object recognition and behavioral
Machine
particularly convolutional neural networks

analysis. learning  models,
(CNNs), are widely used to process visual

data and identify pedestrians with high

Challenges in Pedestrian Detection

Despite their potential, pedestrian detection
systems face several challenges:

e Environmental Variability: Weather
conditions, lighting variations, and
occlusions can reduce the effectiveness
of detection systems. Addressing these
challenges requires robust sensor fusion
and adaptive algorithms.

e Computational Complexity: Real-time
detection and processing demand
significant computational resources,
which can limit the deployment of these
systems in resource-constrained
environments.

e Data Privacy Concerns: The use of
cameras and Al in pedestrian detection
raises privacy concerns, particularly in
urban areas. Ensuring data security and
compliance with regulations is critical.

e Cost and Scalability: The high cost of
advanced sensors like LiDAR can limit
the scalability of pedestrian detection
systems, particularly in developing

regions.
accuracy.
Table 1. Comparison of Technologies
Technology Strengths Limitations Applications
Infrared Effective in low-light Limited by weather Night-time pedestrian
Sensors and night conditions. conditions (e.g., rain, fog). detection, security.
Ultrasonic Cost-effective and Limited range and precision Parking assistance
Sensors simple to deploy. in complex scenarios. systems.
Robust in adverse Struggles with small object Automotive safety,
Radar .. .
weather conditions. detection. traffic management.
. High accuracy and Expensive and sensitive to Autonomous vehicles,
LiDAR . . X
resolution. environmental factors. robotics.
High visual detail and Affected by lighting and ADAS, urban
Cameras .. . . .
adaptability via Al occlusion challenges. surveillance systems.




II. LITERATURE REVIEW

Ang et. al.,, 2024 [1] The robot's safety is
enhanced through an obstacle detection
system that identifies obstacles in its path and
performs necessary actions, such as stopping
movement or avoiding collisions, based on a
defined algorithmic framework. This study
provides an overview of sensor technologies
pertinent to obstacle detection systems and
automotive  applications.  This article
discusses the advantages and disadvantages
of various common sensor types, including
lidar, radar, ultrasonic, infrared, computer
vision, sensor fusion, and sensor array. This
article examines the benefits and drawbacks
of various control methods, along with the
functionality of a vehicle-like robot. The
robot's operation will be facilitated through
various control methods, including infrared
remote controls, voice commands, Wi-Fi
mobile applications, Android Bluetooth
mobile interfaces, and hand gesture
recognition. The control system of the robot
will be dictated by the specific application
areca. The robot's functionality can be
enhanced through hand gesture control,
enabling it to detect hand movements and
facilitate a hands-free experience that
promotes  increased user engagement.
Bluetooth is expected to dominate because of
its lower energy consumption, even though
Wi-Fi offers a broader control range.
Determining the most effective control
strategies and sensors for various applications
is essential to ensure the stability and
suitability of the system. Furthermore, an
ultrasonic sensor presents a more economical
solution compared to LiDAR, which is
favored for applications necessitating
accurate distance measurement, and it
demonstrates  superior effectiveness in
proximity detection. A camera-based system
can provide object identification capabilities
utilizing machine vision; nonetheless, its
performance may diminish in low-light
environments. Radar is engineered for
operation across extended detection ranges,
whereas infrared and ultrasonic sensors

demonstrate heightened effectiveness in these
situations.

Iftekar et. al., 2024 [2] The eyes serve as
critical sensory receptors, and most daily
activities depend on the ability to perceive the
environment. The brain processes visual data
obtained from the eyes, transforming it into a
three-dimensional representation of the
surrounding environment. This process
facilitates task  execution and body
movement. Individuals ~ with  visual
impairments exhibit either partial or complete
deficiencies in visual perception. Historically,
treatment options for conditions like myopia
and astigmatism were limited. The
advancement of corrective devices, including
eyeglasses and minimally invasive surgical
procedures, has  enabled  significant
enhancements in visual acuity. Over the
years, extensive research has been conducted
by researchers to develop devices that meet
the specific requirements of individuals with
visual impairments. This investigation
primarily focuses on the various sensors
implemented in navigation systems for this
demographic. This study examines the latest
advancements in navigation technologies
designed for individuals with blindness or
visual impairments, focusing on proximity
sensors, visual sensors, and LiDAR systems.
Large volumes of data are generated by
sensors, which are then processed to simulate
the external environment. The unique features
of each sensor are highlighted, along with the
optimal combinations of sensors that produce
the best results. The examination includes
potential solutions and challenges related to
the use of sensors. The analysis indicates a
prevalent trend in the integration of ultrasonic
sensors with RGB-depth sensing cameras and
various other sensor types for navigation
applications. The aim of this study is to
provide researchers with a comprehensive
evaluation of the latest developments in
navigation aids for individuals with visual
impairments, facilitating the selection of the
most appropriate technological solutions for
specific applications.



Chaeyeon et. al., 2024 [3] The identification
of pedestrian activity remains in the early
stages of development, even with the
deployment of various sensors designed to
monitor traffic patterns. In various regions,
especially in Asia, Africa, and Europe,
walking serves as a prevalent means of
transportation.  Understanding  pedestrian
volumes and movements is essential for
managing occasional  congestion and
enhancing the safety and appeal of pedestrian
infrastructure. This project investigates a new
approach to employing advanced audio
technology aimed at enhancing urban
perception among individuals. This document
assesses the benefits and drawbacks of
microphone-based  sensors  relative  to
alternative pedestrian detection techniques.
The ASPED dataset comprises a significant
compilation of high-fidelity audio and video
recordings, intended for the classification of
pedestrian count data. Current technological
and computational advancements are focused
on enhancing the practical application of

sensors. Baseline studies indicate that
acoustic sensors may be effective for
pedestrian  surveillance. This study

demonstrates the potential for predicting
pedestrian pathways using data analysis.
Finally, it examines the contexts and
applications where audio-based pedestrian
sensing may enhance urban planning and
transportation.

Joe et. al., 2023 [4] The efficacy of an
automated collision detection system is
contingent upon the caliber and volume of
data at its disposal. In the event that the data
is deficient, incongruous, or erroneous, it has
the potential to generate erroneous positive or
negative outcomes, thereby compromising the
system’s credibility. The occurrence of false
positives is observed when the system
erroneously identifies genuine activity as
collusion. The phenomenon of false negatives
arises when the system is unable to identify
instances of genuine collusion. Collusion
detection systems are required to handle
substantial volumes of data in real time,
capable of analyzing relationships between
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different objects. The intricate nature of
collusion can pose difficulties in devising and
executing efficient systems for its detection.
The present study proposes an automated
anti-collision system that utilizes sensor
devices to detect objects and activate an alert
mechanism in the event that the vehicle
approaches the object in close proximity. The
study introduces a novel methodology for

mitigating vehicular accidents by
implementing a combined system that
integrates collision detection and alert

mechanisms. The proposed system comprises
an ultrasonic sensor, a microprocessor, and an
alarm system. The sensor transmits a signal to
the microcontroller, which in turn sends a
signal to the warning unit. The warning unit
is designed to prevent potential accidents by
emitting an audible warning signal through a
buzzer. Additionally, the distance information
is displayed on an LCD screen. The Proteus
Design Suite is utilized for simulation
purposes, while Arduino.cc is employed for
implementation.

Yan et. al., 2022 [5] Real-time pedestrian
detection systems for video surveillance have
evolved to meet the demands of crowded and
dynamic environments. These systems utilize
lightweight neural network architectures to
achieve high-speed performance without
compromising accuracy. By incorporating
temporal information from video sequences,
the systems enhance their ability to detect
moving  pedestrians.  Techniques like
background subtraction and object tracking
have further improved efficiency by reducing
computational overhead. Real-time pedestrian
detection is being widely adopted in public
safety and traffic monitoring applications,
contributing to  improved  situational
awareness and rapid response capabilities.

Xia et. al., 2022 [6] Adverse weather
conditions, such as rain, snow, and fog,
significantly impact the performance of
pedestrian  detection systems. Solutions
integrating weather-specific data
augmentation and domain  adaptation
techniques have shown promise in mitigating
these effects. By training models on weather-



augmented  datasets, researchers have
improved detection accuracy in challenging
conditions. ~ Multi-modal  systems that
combine radar, thermal imaging, and cameras
have further enhanced reliability, ensuring
pedestrian safety under diverse environmental
conditions.

Zhang et. al., 2022 [7] The deployment of
pedestrian detection systems raises important
ethical considerations, particularly concerning
data privacy and algorithmic bias. Ensuring

that  detection  algorithms do  not
disproportionately misidentify or neglect
certain demographic groups is a key
challenge. Transparent model evaluation

processes and diverse training datasets have
been proposed to address these issues.
Additionally, privacy concerns surrounding
the collection and storage of pedestrian data
are prompting the adoption of privacy-
preserving machine learning techniques.
Addressing these ethical concerns is crucial
for fostering public trust in pedestrian
detection technologies.

1. OBJECTIVES OF STUDY

e Develop and simulate an advanced
pedestrian  detection system using
MATLAB that integrates both infrared
and ultrasonic sensors to enhance
accuracy and reliability in detecting
pedestrians in different conditions.

e Implement real-time signal processing
algorithms in MATLAB to analyze and
interpret data from infrared and
ultrasonic sensors for efficient and
timely pedestrian detection.

e Optimize the pedestrian detection
system to reduce false positives and
improve detection rates in challenging
environments, such as low visibility due
to darkness, rain, or fog.

e Validate the effectiveness of the system
by testing it under  various
environmental scenarios and pedestrian
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movement conditions, comparing the
performance of the combined infrared
and ultrasonic system to single-sensor
systems.

IV. METHODOLOGY
Problem Identification

The increasing number of pedestrian-related
accidents in urban areas has highlighted the
need for advanced detection systems to
ensure road safety. Existing pedestrian
detection systems face challenges in various
environmental conditions such as low
visibility during nighttime or fog. The
integration of infrared and ultrasonic sensors
can significantly enhance the reliability and
accuracy of pedestrian detection. This project
aims to develop a MATLAB-based pedestrian
detection system using a combination of
infrared and ultrasonic sensors, optimizing
detection in  diverse  environmental
conditions.
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Figure 1. Flow Diagram of Procedure

Urban pedestrian accidents are rising, driven
by increased interactions between vehicles
and pedestrians and the challenges of limited
visibility in urban settings. Conventional
detection systems, often based on single
sensors or cameras, struggle in low visibility
conditions such as darkness, fog, or rain,
compromising their reliability and
effectiveness. To address this, integrating



multiple sensor technologies offers a robust
and adaptable solution. Infrared sensors are a
key component, leveraging thermal imaging
to detect the heat signatures of pedestrians,
even in complete darkness or obscured
environments. This capability ensures reliable
detection when optical systems fail.
Complementing this, ultrasonic sensors
utilize sound waves to identify objects in their
vicinity. Unlike camera-based systems,
ultrasonic sensors are not affected by lighting
conditions, making them effective in
detecting pedestrians and obstacles during
adverse weather or low-light situations.

Add

Ultrasonic based Park Assist system

| [ mmWave Radar based Park Assist system |

Figure 2. Ultra sonic Sensor

Integrating infrared and ultrasonic sensors
into a unified detection system provides
complementary advantages for enhancing
pedestrian safety in urban environments.
Infrared sensors excel in detecting heat
signatures, making them highly effective
during nighttime or in low-visibility
scenarios. Ultrasonic sensors, on the other
hand, operate reliably in foggy or obstructed
conditions by using sound waves to identify
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objects, unaffected by lighting or
weather. MATLAB is an ideal platform for
developing and testing such integrated
systems. Its robust simulation environment
allows for the modeling of complex sensor
behaviors and interaction scenarios, ensuring
optimal  system design. Additionally,
MATLAB's advanced signal processing
capabilities enable the seamless fusion of data
from both sensors, enhancing detection
accuracy and reliability. This integrated
approach ensures comprehensive pedestrian
monitoring, significantly reducing the risks of
urban accidents by leveraging the strengths of
both technologies in a coordinated and
efficient manner.

Housing with
connector

Piezo transducer

| Membrane

Figure 3. Car Infrared model design

System Architecture

The proposed pedestrian detection system
integrates infrared (IR) and ultrasonic sensors
to achieve reliable performance in diverse
urban conditions. This hybrid approach
combines the strengths of both sensor types,
ensuring robust detection regardless of
lighting, visibility, or weather.
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Figure 5. Pictures taken from site-1
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Figure 6. Site-2 Satellite View
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Figure 7. Pictures taken from site-2
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Figure 9. Pictures taken from site-3

15



y SWM
T

a) Moring Fare Weather b) Morning Time with Heavy Fogg

¢) Night Time Low Visibility d) Nigh Time with Heavy Fogg

Figure 11. Pictures taken from site-4
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Figure 12. Various Cases Consider from Jaipur

V. RESULTS AND DISCUSSION

The performance of the pedestrian detection
system was evaluated across standalone and
integrated sensor configurations to determine
its effectiveness in various urban scenarios.
The results highlight the limitations of single-
sensor systems and the advantages of
integrating multiple sensors for enhanced
detection accuracy. The infrared (IR) system

pedestrians in 85% of cases. Its reliance on
thermal signatures enabled reliable operation
in low-light conditions. However, the IR
system struggled in foggy environments,
where temperature variations and reduced
thermal contrast made it difficult to
differentiate pedestrians from the
background. This limitation underscores the
need for complementary sensors to address

dfemopstrated strong performance |in adverse weather conditions
nighttime scenarios, accurately detecting
Cloud
[ AWS loT Service |‘_t AWS Lambda I«t AWS S3 Static Site ]
A A
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Sensor Module : Web
[ Microcontroller ]4—{ Sensor ] Appliccﬂion

Figure 12. Cloud based sensor system

Performance Comparison

Table 2. Performance Metrics Chart

Metric Infrared Only Ultrasonic Only Combined System

Detection Accuracy 85% 80% 95%

False Positive Rate 10% 15% 5%
Response Time (ms) 120 100 130
Nighttime Detection High Low High

Foggy Condition Detection Low High High
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Mathematical Validation
Fusion Model
To validate the combined system's detection probability.
Pairection = Wir X Pigr + wys X Pys

Using weighted probabilities:

w;r=0.6, wys0.4in foggy conditions,

w;r=0.8, wys=0.2 in nighttime conditions.
Algorithmic Efficiency

The computational complexity of the pedestrian detection system plays a critical role in ensuring
real-time performance, especially in urban environments where timely detection is crucial. The
system’s design carefully balances accuracy and efficiency, maintaining a manageable
computational overhead.
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VI. CONCLUSION

This research effectively addresses the
pressing issue of pedestrian safety in urban
environments by developing a hybrid
detection system that integrates infrared and
ultrasonic sensors. The findings underscore
the importance of leveraging complementary
sensor technologies to enhance detection
accuracy, reduce false positives, and ensure
robust performance across diverse and
challenging scenarios. The significance of
this study extends beyond its immediate
technical achievements. It emphasizes the
critical need for safety systems tailored to
urban environments, where high traffic
density, varying weather conditions, and low
visibility pose substantial risks. By combining
the strengths of infrared and ultrasonic
sensors, this research demonstrates how
innovative integration can overcome the
limitations of traditional single-sensor
systems. From a practical perspective, the
proposed system shows great potential for
deployment in real-world applications. Its
adaptability to different environmental
conditions, such as nighttime or foggy
weather, makes it a versatile solution for

urban safety. Furthermore, the system’s
reliance on relatively affordable sensor
technologies  ensures  cost-effectiveness,
making it  accessible = for  broader

implementation in smart cities and traffic
safety initiatives. The major contributions and
findings include:

e Enhanced Accuracy: The integrated
system achieved a 95% detection
accuracy, surpassing standalone sensor
performance in complex urban scenarios.

e Reduced False Positives: Data fusion
techniques significantly lowered the false
positive rate to 5%, ensuring reliable
pedestrian detection.

e Real-Time Detection: Optimization
techniques, such as MATLAB’s
vectorized operations, enabled efficient
data processing, making the system
suitable for real-time urban deployment.
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e Adaptability: The system performed

effectively in low visibility, adverse
weather  conditions, and cluttered
environments, addressing critical

challenges of urban safety systems.

e Scalability: The modular design allows
for future enhancements, such as
integrating  additional  sensors  or
expanding the detection framework to
other safety applications.

The proposed system provides a viable
solution for reducing urban pedestrian
accidents, contributing to safer traffic
environments. By integrating adaptable
technologies, it addresses limitations of
traditional systems and sets the stage for
future research in pedestrian safety.

The conclusions drawn from this research
highlight a broader paradigm shift in safety
system design, advocating for multi-sensor
integration as a foundational approach. By
addressing the technical and environmental
challenges of pedestrian detection, this study
contributes to the growing body of work
focused on creating safer urban ecosystems.

The application of MATLAB as the primary
simulation platform also highlights the role of
computational tools in advancing safety
technologies. MATLAB’s ability to model,
simulate, and optimize complex sensor
interactions ensures that such systems can be
tested and refined before real-world
implementation, thereby reducing
development costs and risks.
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