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Abstract-This paper provides an extensive overview
of the latest techniques enhancing pedestrian
detection in Advanced Driver Assistance Systems
(ADAS). It covers the evolution from traditional
methods to deep learning, sensor fusion, semantic
segmentation, and object tracking. The review
addresses challenges like real-world scenarios and
imbalanced datasets, offering insights into current
trends and future directions for researchers and
practitioners aiming to enhance road safety
through improved pedestrian detection in
intelligent transportation systems.
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I. INTRODUCTION

The main role of the advanced driver-
assistance  system  (ADAS) is to
continuously update the driver about the
surrounding environment and to alert the
driver in dangerous situations where
accidents are prone to happen. By getting a
timely alert, the driver can successfully take
immediate corrective actions and can avoid
accidents. These systems can accurately
detect and recognize objects in the vehicle's
vicinity, ranging from other vehicles and
pedestrians to obstacles and road signs. As a
vehicle’s complexity and desire for more
safety continue to evolve towards higher
levels of autonomy, the importance of object
detection becomes even more important.

1. Block Diagram

The Block diagram of the ADAS system
consists of blocks such as Environment,
Sensors, Perception, Processing decision
making, and Actuation. The diagram is
shown below: -

Environment Sensors Perception Processing and
(outside) (information Decision
— .

1 extraction) making

Actuation

Fig.! ADAS Block Diagram

2. Environment

"Environment Block" typically refers to a
module responsible for modeling and
representing the surrounding environment in
which the vehicle operates. The objective of
this block is to provide actionable insights
and information to the decision-making
modules of the ADAS, enabling timely and
appropriate responses to potential hazards
and driving scenarios.

3. Sensors

e Camera: Captures visual data of the
vehicle’'s  surroundings. eg. -Lane
detection scenario.
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« Radar: Uses radio waves to detect objects,
measuring their distance, speed, and
sometimes angle. Eg: -Blind Spot detection

o LIDAR: Emits laser pulses to create a
detailed 3D map of the environment,
providing precise distance and shape
information. Eg: -Adaptive Cruise Control

3. Perception

This module provides a thorough and precise
depiction of the environment around the
vehicle by integrating data from several
sensors. To account for differences in data
perception, fusion algorithms fuse the
information from every sensor.

4. Processing and Decision making

Combines information from object detection,
and recognition using machine learning
techniques and taking decisions for future
actions for the safety of the drivers.
Evaluates potential collision risks based on
the environment model and vehicle
dynamics. Determines appropriate actions to
mitigate risks, such as issuing warnings,
adjusting vehicle speed, or initiating
emergency braking.

5. Actuation

It plays a pivotal role in translating the
system's control decisions into physical
actions or responses within the vehicle. It
encompasses a range of features and
functionalities designed to enhance vehicle
safety, comfort, and efficiency through
automation and intelligent assistance.

Il. DETECTION OF PEDESTRIAN
BASED ON AUTOMOTIVE
RADAR

ISSN 2581-8678, Volume VI, Issue I, Jan 2024

This paper [1] addresses the challenge of
target recognition in automotive radar
sensors, crucial for advanced driver
assistance systems (ADAS). While radar
accurately measures range, azimuth angle,
and radial velocity, distinguishing between
human and non-human objects remains a
technical challenge. The study focuses on
elucidating the motion sequence of walking
pedestrians, presenting a technical model
with  reflection points and Doppler
frequencies. Utilizing a 24 GHz radar
sensor, the paper generates signal features
from measurements to aid in target
recognition. The findings contribute to the
development of ADAS, emphasizing the
importance of accurately distinguishing
radar echoes from human beings and other
objects.

In this paper, the human body is divided into
parts, and the frequency component is
studied which helps in understanding object

detection.
@ |
HAT-unit
Thorax T1o "passenger”
1
Sacrum S,
legs
"lokomotor”

Fig 2. Division of human beings and six
reflection point models for the radar echo signal

(1]
I11. DETECTION OF PEDESTRIAN
BASED ON TWO RADAR

The difficulty of creating reliable Advanced
Driver Assistance Systems (ADAS) in
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traffic safety is discussed in the paper [2]. It
presents a novel fusion technique that makes
use of two sensors: a visual scanner and a
far-infrared camera. Based on their
respective fields of vision and capabilities,
the sensors form discrete detection zones.
The suggested technique uses an approach in
zones to remove duplicate data and improve
detection accuracy. It also carries out
pedestrian detection individually for every
sensor. The goal is to provide reliable high-
level information for ADAS by combining
the strengths of multiple sensors.

The introduction emphasizes the importance
of trustworthy sensors in current road safety
applications and highlights the
advancements in information technologies
that enable intelligent and complex ADAS.
The paper recognizes obstacle detection,
particularly vulnerable pedestrians, as a
crucial task. However, it notes the existing
challenge of lacking sensors capable of
reliably detecting users and anticipating
dangerous situations.

The fusion method aims to address this gap
by combining data from a far infrared
camera and a visual scanner, considering the
distinct capabilities of each sensor.
Experimental results presented in the paper
indicate an improvement in pedestrian
detection  accuracy, showcasing the
effectiveness of the proposed fusion
approach. The overall contribution lies in
providing a reliable and hybrid solution for
enhancing ADAS applications through the
integration of multiple sensors.
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Fig 3. Flow Diagram [2].

IV. DETECTION OF PEDESTRIAN
BASED ON IN-VEHICLE Lidar

This paper [3] introduces an innovative
approach to pedestrian recognition in
automotive applications using in-vehicle
Lidar technology. With a focus on
enhancing pedestrian safety and reducing
accidents, the paper addresses the need for
Advanced Driver Assistance Systems
(ADAS) sensors that can deliver high
detection performance while maintaining
environmental robustness across various
driving conditions and pedestrian scenarios.
DENSO, the authoring entity, has developed
a high-resolution in-vehicle Lidar system
positioned inside the cabin to improve
environmental  robustness. The  paper
highlights the significance of the developed
Lidar system in achieving effective
pedestrian safety by offering high-resolution
sensing  capabilities.  Additionally, a
pedestrian  recognition algorithm  with
advanced tracking abilities is presented,
specifically designed to adapt to traffic-
congested conditions typically encountered
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in urban environments. The combination of
the high-resolution Lidar and sophisticated
tracking algorithm is demonstrated through
several experiments, showcasing their
potential to enhance pedestrian safety
systems in automobiles. Overall, the paper
emphasizes the promising results and the
potential effectiveness of the proposed
approach in contributing to robust and
reliable ADAS solutions for pedestrian
detection and safety.
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Fig 4. Flow Diagram [3].

V. DETECTION OF PEDESTRIAN
BASED ON ADAPTIVE
THRESHOLD

This paper [4] focuses on the growing
significance of Advanced Driver Assistance
Systems (ADAS), particularly in the realm
of  Pedestrian Protection  Systems,
acknowledging the critical role they play in
driver assistance. The paper addresses the
pervasive issue of driver distraction as a
major cause of traffic accidents and
emphasizes the challenges posed by the
variable driving environment. The research
proposes a novel approach to pedestrian
detection, aiming to simplify the algorithm
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by narrowing the search space to critical
areas.

Unlike conventional methods, this approach
eliminates the need for background
elimination, Region of Interest (ROI)
detection, and selection, streamlining the
pedestrian detection algorithm. The key
innovation lies in parameterizing image
resolution, allowing flexibility for different
camera resolutions, and anticipating ongoing
improvements in technology. The algorithm
leverages the presence of a pedestrian's shoe
in contact with the pavement, combined with
alarm zones, providing adequate information
for ADAS to make informed decisions for
driver assistance.

The effectiveness of the proposed approach
is demonstrated through a test set of 46
images captured in a real urban
environment, revealing an impressive 89%
correct detection rate. These results
underscore the practical utility of the
algorithm in real outdoor scenarios,
showcasing its potential for enhancing
pedestrian detection within ADAS and
contributing to overall road safety.
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Fig 5. Flow Diagram [4].

VI. DETECTION OF PEDESTRIAN
BASED ON ENSEMBLE SYSTEM

This paper [5] introduces an innovative
approach to pedestrian detection in
Advanced Driver Assistance  Systems
(ADAS) by proposing an environment-
adaptive ensemble system. The study
emphasizes the superiority of employing
multiple classifiers over one, highlighting
their ability to complement each other and
enhance accuracy in diverse scenarios. The
key challenge addressed is the dynamic
tuning required for pedestrian detectors to
adapt to real-world variations, including
different pedestrian poses and variable
backgrounds.

The proposed system integrates a pedestrian
detector composed of multiple classifiers
with a front-end concept recognizer. This
recognizer  selectively  activates  or
deactivates member classifiers based on the
recognized concept in the input image,
adapting to the specific environment. The
system employs an incremental learning
algorithm to add new classifiers, trained
with additional dataset batches, to the
existing ensemble. The intervention of the
front-end concept recognizer ensures that the
system retains accuracy in old environments
while effectively adapting to the current one.

This environment-adaptive ensemble system
presents a promising solution for pedestrian
detection in ADAS, offering the flexibility
to accommodate evolving real-world
conditions and maintain high accuracy by
selectively incorporating new information
into the existing framework. The approach
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contributes to the  robustness and
adaptability of pedestrian detection systems
in dynamic and variable environments.

Concept Lookup table

A set of pedestrian-

Decide concept
P classifiers and the

(background, pose,
illumination, etc.)
of the image

Feature
extractor

corresponding
voting weights for
each concept

on/off + weight

Pedestrian-
classifier

Fig 6. FIoW Diagram [5].

VIl. DETECTION OF PEDESTRIAN
BASED ON ADAPTIVE FUZZY
LOGIC

This paper [6] addresses the crucial role of
pedestrian detection in advanced driver
assistance systems (ADAS) and autonomous
driving, emphasizing its broader applications
in  computer vision, security, and
surveillance. While conventional pedestrian
detection primarily focuses on visible
spectrum images, the paper recognizes the
need for effective detection during
nighttime, where infrared (IR) or thermal
imaging becomes vital due to its capability
to capture emitted energy from pedestrians.

The proposed algorithm for pedestrian
detection from IR images combines adaptive
fuzzy C-means clustering and convolutional
neural networks (CNNs). The adaptive fuzzy
C-means clustering segments IR images,
extracting candidate pedestrians.
Subsequently, pruning techniques based on
human posture characteristics and second
central moments ellipse refine the candidate
selection. CNN is then employed for
simultaneous feature learning and binary
classification. The paper compares the
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proposed algorithm with state-of-the-art
methods using publicly available datasets,
demonstrating superior detection accuracy
with reduced computational complexity.

The integration of adaptive fuzzy clustering
and CNNs showcases a holistic approach to
enhance pedestrian detection in IR images,

addressing challenges associated  with
nighttime conditions. The algorithm's
improved accuracy and computational

efficiency contribute to its potential
applicability in diverse scenarios, making it
a valuable advancement in the field of
pedestrian detection for various applications,
including ADAS and beyond.

|

Adaptive Fuzzy C-Means CNN-based Binary
Infi [ did Pruning
pesred imese Candidate Detection R Fruoine H Classification

Fig 7. Overview of the system [6].

VIll. DETECTION OF PEDESTRIAN
BASED ON ADAPTIVE
TEMPLATE MATCHING

The paper [7] addresses the challenging task
of robust and efficient far-infrared
pedestrian detection in advanced driver-
assistance systems (ADAS). The existing
methods often face difficulties in dealing
with uncontrolled background objects and
variations in pedestrian size and pose. To
mitigate these challenges, the proposed
method combines improved template-
matching and machine-learning techniques
for enhanced performance.

ISSN 2581-8678, Volume VI, Issue I, Jan 2024

To tackle issues related to uncontrolled
background objects, the paper employs a
template-matching technique to pre-classify
candidates, reducing false alarms. Multiple
templates are generated, and a head location
algorithm is designed to adaptively select
the optimal head template during this pre-
classification process. Additionally, to
address the interference caused by various
pedestrian sizes and poses, the method
introduces a novel heterogeneous feature
that concatenates state-of-the-art features,
enhancing the description ability of
pedestrians. This heterogeneous feature is
then input to a machine learning classifier
for the final validation of pedestrians from
the candidate pool.

Experimental results, conducted on both
public and additional datasets, demonstrate
that the proposed method outperforms three
state-of-the-art methods, achieving higher
detection accuracy. The integration of
template matching and machine learning,
along with the novel heterogeneous feature,
contributes to the effectiveness of the
method in addressing common challenges in
far-infrared pedestrian detection for ADAS
applications.
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Fig 8. Overview of the system [7].

IX. DETECTION OF PEDESTRIAN
BASED ON FISHEYE IMAGES

The complexity of pedestrian recognition in
fish-eye photos is discussed in this study [8].
This is an important issue for advanced
driver assistance systems (ADAS). This
work suggests a fresh approach, in contrast
to traditional methods that necessitate the
manual gathering and labeling of a
significant number of fish-eye photos for
detector training. The proposed FSTN is
designed to generate challenging examples
for pedestrian detectors, enhancing their
robustness to deformation. The entire
network is trained adversarial, embedding
FSTN into state-of-the-art detectors easily.
This allows for end-to-end training via
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adversarial learning, contributing to the
overall robustness of the pedestrian detector.
Experimental results on ETH and KITTI
pedestrian datasets demonstrate a slight but
noteworthy improvement in pedestrian
detection accuracy in fish-eye images when
employing  the  adversarial  network
compared to conventional methods. The
introduced strategy offers a pragmatic and
efficient approach to address the scarcity of
labeled fish-eye images for training,
leveraging adversarial learning to enhance
the detector's ability to handle distortions.
The findings contribute to the advancement
of pedestrian detection in fish-eye images
within the context of ADAS applications.

Fig 9. Overview of the system [8].

X. DETECTION OF PEDESTRIAN
BASED ON DEEP LEARNING

This paper [9] introduces a novel brightness-
aware model for multispectral pedestrian
detection, addressing its growing importance
in computer vision applications such as
driver  assistance,  surveillance, and
monitoring. The proposed model leverages
deep learning techniques to enhance
performance under various illumination
conditions,  particularly  distinguishing
between day and night scenarios.

The brightness-aware mechanism is
a key innovation in the model, enabling it to
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adapt to different lighting conditions
effectively. By using color recognition
depending on the anticipated illumination
condition, this mechanism functions as a
predictor for day/night scenarios. The FLIR-
ADAS Thermal and PASCAL VOC Color
datasets are used to train the suggested
approach, which yields an astounding mean
Average Precision (mAP) of '81.27%. This
performance outperforms the state-of-the-art
techniques now, proving that the suggested
brightness-aware model is effective in
multispectral pedestrian identification. The
research contributes to the advancement of
pedestrian detection in varying lighting
environments, showcasing the potential of
deep learning and  brightness-aware
mechanisms to improve accuracy and
robustness. The achieved mAP underscores
the effectiveness of the proposed approach,
making it a notable contribution to the field
of computer vision, particularly in
applications related to driver assistance and
surveillance.

Fig 10. Overview of the system [9].
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Xl. DETECTION OF PEDESTRIAN
BASED ON 2D POSE
ESTIMATION

For cyclists, the assumption is made that
they adhere to traffic rules, signaling future
maneuvers with arm signals. In contrast,
pedestrians do not provide such indications,
leading the paper to hypothesize that their
walking patterns can reveal intentions,
especially if they plan to cross the road in
the path of the ego-vehicle. The proposed
methodology is demonstrated to be versatile,
and applicable to both pedestrians and
cyclists.

Pedestrian datasets are presented in the
study, demonstrating the methodology's
efficacy. The authors produced their own
comparable dataset to overcome the lack of
one for bikers, so making a significant
contribution to the scientific community. All
things considered, the suggested pipeline
produces novel, cutting-edge outcomes in
terms of understanding VRU
intentions, estimate to improve autonomous
driving and traffic safety systems.

XI1.CONCLUSION

In conclusion, this comprehensive paper
has offered a thorough overview of the
advancements in pedestrian detection
within  Advanced Driver Assistance
Systems (ADAS). The progression from
traditional methods to cutting-edge
technologies, including deep learning,
sensor fusion, semantic segmentation,
and object tracking, has been
meticulously discussed. The review has
not only highlighted the evolution of
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techniques but also delved into the
challenges posed by real-world scenarios
and imbalanced datasets.
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