A Multidisciplinary
Open Access
Journal

[ ]
YgMinkeseareh

Article Information

Submitted: April 02, 2024
Approved: April 13,2024
Published: April 15, 2024

How to cite this article: Rana MM, Nisha OT, Hossain MM,
Hossain MS, Hasan MM, Moon MAM. System for Detecting
Moving Objects Using 3D Li-DAR Technology. IgMin Res. April 15,
2024; 2(4): 213-217. IgMin ID: igmin167; DOI: 10.61927/igmin167;
Available at: igmin.link/p167

Copyright: © 2024 Rana MM, et al. This is an open access article
distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.

TECHNOLOGY SUBJECT

Robotics | Sensors | Image Processing

I

Case Report

System for Detecting Moving
Objects Using 3D Li-DAR
Technology

Md. Milon Rana'*, Orora Tasnim Nisha!, Md. Mahabub
Hossain!, Md Selim Hossain'!, Md Mehedi Hasan? and

Md Abdul Muttalib Moon!

'Department of Electronics and Communication Engineering, Hajee Mohammad Danesh

Science and Technology University, Dinajpur-5200, Bangladesh

Keywords: 3D LiDAR; Object; Detection; Camera; PIR sensor

*Department of Pharmacy, World University of Bangladesh, Bangladesh

*Correspondence: Md Milon Rana, Department of Electronics and Communication

()

Check for
updates

Abstract

autonomous vehicles, surveillance, and robotics.

The “System for Detecting Moving Objects Using 3D LiDAR Technology” introduces a groundbreaking method for precisely identifying and tracking dynamic entities within a given
environment. By harnessing the capabilities of advanced 3D LiDAR (Light Detection and Ranging) technology, the system constructs intricate three-dimensional maps of the surroundings
using laser beams. Through continuous analysis of the evolving data, the system adeptly discerns and monitors the movement of objects within its designated area. What sets this system
apart is its innovative integration of a multi-sensor approach, combining LiDAR data with inputs from various other sensor modalities. This fusion of data not only enhances accuracy but
also significantly boosts the system’s adaptability, ensuring robust performance even in challenging environmental conditions characterized by low visibility or erratic movement patterns.
This pioneering approach fundamentally improves the precision and reliability of moving object detection, thereby offering a valuable solution for a diverse array of applications, including
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Introduction

In recent years, the demand for accurate and reliable
moving object detection systems has escalated across various
industries, including autonomous vehicles, surveillance,
and robotics. Traditional approaches often face challenges
in accurately identifying and tracking objects in dynamic
and complex environments. To address these limitations,
this paper presents a novel “System for Detecting Moving
Objects Using 3D LiDAR [1]. Technology.” By integrating
advanced 3D LiDAR technology with a multi-sensor fusion
approach, this system offers unparalleled precision and
adaptability, representing a significant advancement in the
field of moving object detection. Three-dimensional Light
Detection and Ranging (3D LiDAR) is an advanced sensing
technology [2] that utilizes laser light for accurate distance
measurement and spatial mapping. Often referred to as
optical radar or laser radar, 3D LiDAR systems play a crucial
role in capturing detailed and real-time information about
the environment in three dimensions. This technology has
found widespread applications across various industries,
owing to its precision and versatility [3]. As urban
environments become increasingly complex and dynamic,
the need for robust and reliable moving object detection
systems is paramount. Traditional surveillance methods,
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relying heavily on 2D imaging, often face challenges in
accurately capturing the spatial and temporal aspects of
moving objects. The integration of 3D LiDAR technology into
detection systems presents a promising solution, enabling a
more comprehensive understanding of the environment.

The research objective is to design and implement a
system that leverages the unique capabilities of 3D LiDAR
for real-time detection of moving objects [4]. By harnessing
the high-resolution point cloud data generated by the
LiDAR sensor, the proposed system aims to overcome
limitations associated with traditional approaches, offering
improved accuracy and reliability in identifying and tracking
dynamic entities within a given space. This introduction
outlines the motivation behind the research, emphasizing
the need for advanced detection systems [5] in the face of
evolving urban landscapes. Subsequent chapters will delve
into the theoretical foundations of 3D LiDAR technology,
the methodology employed in system development,
experimental results, and a comprehensive analysis of
the system’s performance. Through this investigation,
we aspire to contribute to the growing body of knowledge
in the realm of intelligent surveillance and advance the
capabilities [6] of moving object detection systems using
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3D LiDAR technology. We’re on a mission to make moving
object detection systems better using 3D LiDAR technology.
In the next chapters, we'll explore what others have found
in object detection, looking at real-world situations and
environmental factors. We’ll also explain how LiDAR works
and how it can improve detection. At the end, we’ll share the
details of what we discovered in our experiments.

Related work

LiDAR employs laser light for remote sensing, enabling
the measurement of distances and the generation of
intricate, three-dimensional depictions of the environment
[7]. In the context of detecting moving objects, this system
plays a crucial role in enhancing situational awareness and
improving the safety and efficiency of various applications,
such as autonomous vehicles, surveillance systems, and
robotics [8]. The related work for this system involves
reviewing and analyzing existing research, technologies,
and methodologies in the field of moving object detection
using 3D LiDAR. Here is a description of some key aspects
of related work: LiDAR Technology in Object Detection:
Explore previous studies and systems that have employed
LiDAR technology for object detection. Understand the
strengths and limitations of using LiDAR in comparison [9]
to other sensor technologies. Highlight advancements in
LiDAR hardware and signal processing algorithms.

Moving Object Detection Algorithms: Investigate
various algorithms that have been developed for detecting
moving objects in 3D point cloud data obtained [10] from
LiDAR sensors. This could include traditional methods such
as clustering and segmentation, as well as more advanced
techniques like deep learning-based approaches.

Integration with Sensor Fusion: Examine research on
the integration of 3D LiDAR data with data from other
sensors [11] such as cameras or radar. Sensor fusion is
crucial for improving the accuracy and reliability of moving
object detection, especially in challenging environmental
conditions [12].

Methodology
Architecture and function of 3D LiDAR

3D LiDAR (Light Detection and Ranging) systems have
become integral tools in mapping and sensing applications,
ranging from autonomous vehicles and robotics to
environmental monitoring [13]. The core design of a 3D
LiDAR system incorporates a fusion of hardware and
software components, defining its unique capabilities in
capturing and interpreting intricate spatial data.

Hardware components

For Data Acquisition, the system required some
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components which are given below. The LiDAR sensor
scans its surroundings by emitting laser beams in different
directions [14]. The rotating mirror or prism helps in
obtaining a 360-degree view. The time-of-flight information
is recorded for each laser beam, resulting in a point cloud.

Laser scanner (PIR sensor): The core component
that emits laser beams and measures the time it takes for the
beams to return after hitting an object. This data is used to
calculate the distance to the object. 2. Motor/Scanner Head:
Many LiDAR systems use a rotating mirror or prism to
redirect the laser beams [15] in different directions, allowing
the system to scan a full 360-degree area.3.Detectors/
Receivers: Receive the laser beams reflected off objects
and measure the time-of-flight to calculate distances
accurately.4.GPS (Global Positioning System): Provides the
geographic location of the LiDAR sensor [16].

Data processing: Point Cloud Generation: The raw
data is processed to generate a point cloud, which is a
collection of 3D points in space [17]. Each point corresponds
to a surface or object detected by the LiDAR. Intensity Data:
Some LiDAR systems also measure the intensity of the
returned laser beams [18]. Providing information about the
reflectivity of surfaces. Data Fusion (optional): LiDAR data
can be fused with other sensor data [19], such as cameras or
radar, to improve accuracy and object recognition.

Object recognition and filtering: Algorithms are
applied to identify and classify objects within the point
cloud [20]. Here we used YOLOvs5 for detection objects.
This may include identifying obstacles, terrain, and other
relevant features.

Output: Thefinal outputmayincludea3Drepresentation
of the environment, annotated with identified objects
and their characteristics. Output formats may include
point cloud data, sensor fusion data [21], or higher-level
information depending on the application. In applications
like autonomous vehicles or robotics, the processed
LiDAR data [22] is often integrated into control systems
to make real-time decisions based on the environment.
The processed data can be visualized using 3D rendering
techniques, allowing users to interact with and interpret
the information. Overall, the basic structure of a 3D LiDAR
system involves the acquisition of raw data, processing and
filtering of that data, and generating meaningful output for
further use in applications such as navigation, mapping, or
object recognition [23]. The overall discussion of this system
is given in Figure 1.

Principle of Operation: Unlike traditional radar systems
that use electromagnetic waves [24], 3D LiDAR relies on
laser beams to measure distances and create comprehensive
maps. The system emits laser pulses and calculates the time
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Figure 1: Basic Structure of 3D LiDAR System.

it takes for these pulses to travel to an object and back,
determining the distance with high accuracy. By scanning
the surrounding area with these laser pulses [25], 3D LiDAR
constructs a detailed and dynamic [26] representation of
the environment which is given in Figure 2.

Key features

Distance sensing: 3D LiDAR excels in accurately
measuring distances to objects within its field of view,
making it an ideal technology for applications [27] where
precision is essential.2. Real-time Mapping: The technology
enables the creation of detailed three-dimensional maps of
the surroundings in real-time. This mapping is crucial for
applications such as autonomous navigation, environmental
monitoring capability, and industrial automation [28].
3.0bject Tracking: 3D LiDAR systems can track the
movement of objects by recording their positions in
coordinates over time. This feature is particularly valuable
in scenarios where the dynamic behavior of objects needs
to be monitored and analyzed.4.Spatial Imaging: With its
ability to capture spatial information [29], 3D LiDAR allows
for the visualization of the environment in three dimensions
[30], providing a comprehensive understanding of the
surroundings.
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D Time | x-coordinate | y-coordinate Z(;gt);g‘cn:)te
1 | 12:00:00 819 321 12
1| 12:00:01 819 321 12
2| 12:00:02 819 321 12
Detection of time/position coordinates S e s A )

of each moving object

‘ Figure 2: Detection of time in coordinates of each moving object.

Results

The described 3D LiDAR system boasts a wide detection
range, approximately four times that of a standard camera
(Table 1), and allows for scalability by installing multiple
units given in Figure 3. With precise location data (20 cm
accuracy) and real-time updates (10 ms to 1 s), it efficiently
tracks and detects the speed of moving objects. Importantly,
it maintains privacy by not identifying individuals,
making it suitable for applications such as surveillance,
traffic management, industrial automation, robotics, and
environmental monitoring.

Comparison with the conventional products (Table 1)
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Figure 3: Detection Range and Output.

Table 1: Comparison with other products.
3D LiDAR-based System

Detection range wide

Normal Camera System

Narrow

Inaccurate (X, Y-axes)

Position detection o
Impossible in Z axes.

Accurate (X, Y and Z-axes)

Speed Detection Accurate Inaccurate
Personally 1d'er‘1t'1ﬁable data Impossible Possible
acquisition
Privacy protection Possible Difficult
Operating environment Avallabi‘iillilz:;ght and only available in lighted places

Conclusion

In conclusion, the “System for Detecting Moving Objects
Using 3D LiDAR Technology” presents a highly effective
and versatile solution for capturing and analyzing dynamic
elements within a given environment. The key strengths
of this system lie in its extended detection range, scalable
coverage through the integration of multiple 3D LiDARs, and
the provision of high-precision location data with a minimal
position error of + 20 ¢cm. Real-time data updates, ranging
from 10 milli-seconds to 1 second, enhance the system’s
responsiveness to changes in the environment and the
movement of objects. Furthermore, the system’s ability to
not only detect moving objects but also measure their speed
adds a crucial dimension to the information it provides.
This makes it particularly valuable for applications where
understanding the dynamics of moving objects is essential,
such as in autonomous vehicles, robotics, and surveillance.
Importantly, the privacy-conscious design of the system,
ensuring the non-acquisition of personally identifiable
data such as images, aligns with ethical considerations
and privacy regulations. This design choice enhances the
system’s suitability for deployment in various scenarios
without compromising individual privacy.
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In summary, the “System for Detecting Moving Objects
Using 3D LiDAR Techno-logy” offers a comprehensive and
reliable solution for real-time object detection, tracking,
and data analysis. Its advanced capabilities make it well-
suited for diverse applications, providing valuable insights
into dynamic elements within a given environment while
prioritizing precision and privacy.
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