Iraqi Journal for Computers and Informatics

Vol. [ 49 ], Issue [1], Year (2023)

IMPROVING MOVEMENT OF WHEELED GROUND
ROBOTS ON SLOPES USING LIDAR TECHNOLOGY:
MAPPING, PLANNING, AND OPTIMIZATION

AL-Khafaji Israa M. Abdalameer

Institute of Information Technologies, Russian
Technological University RTU MIREA.
Moscow, Russia.
Mustansiriyah University.Baghdad, Iraqg.
Misnew6@gmail.com

Abstract

The development of wheeled ground robots has enabled them to
be used for a variety of tasks. These robots must be able to move
with accuracy and precision, especially when faced with
obstacles or inclines. To improve the movement of these robots
on aslope, lidar data can be used to detect the location and shape
of obstacles.

In recent years, Lidar technology has become an essential tool
for various robotic applications. It has proven to be a game-
changer in the field of autonomous navigation, especially in
situations where robots have to operate in unknown
environments. Lidar technology provides a high-resolution 3D
map of the environment around the robot, enabling it to
navigate autonomously while avoiding obstacles. In this paper,
we discuss the use of Lidar technology in improving the
movement of a wheeled ground robot on a slope. We describe
the steps involved in obtaining Lidar data, processing the data
to create a 3D map of the environment, and using the map to
plan more efficient movement of the robot. We present an
applied example of how Lidar data improves the movement of a
ground robot with wheels on a slope, calculating the inclination
of the ground, calculating the force required for the movement
of the robot, creating three-dimensional models of the terrain to
be navigated, creating plans for more efficient movement, and
reducing damage and wear of the robot.

Key words- Robotics, Terrain mapping, Slope, lidar data, wheeled
ground robot, movement, terrain, inclination, force, point cloud,
movement plans, wear and tear, accuracy, Obstacle avoidance,

Motion planning.
. INTRODUCTION

In recent years, the development of wheeled ground robots
has allowed them to PERFORM an increasing number of
tasks with greater accuracy and precision, even in
challenging environments. However, when these robots are
required to operate on a slope, their movement must be
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carefully planned to ensure stability and prevent damage.
This has led researchers to explore new methods for
improving the movement of wheeled ground robots on
slopes.

One of the most promising approaches to this problem is the
use of Lidar technology. According to a recent article in
Robotics and Automation News [1], Lidar sensors can
provide high-resolution 3D maps of a robot's surroundings,
which can be used to plan more efficient and safer movement
on a slope. This technology has become increasingly popular
in recent years due to its ability to provide accurate and
reliable data for autonomous navigation.

To make use of Lidar data for robot movement, a number of
steps must be taken. These include obtaining and processing
Lidar data, creating a 3D map of the environment, and using
this information to plan movement. A recent paper in the
Journal of Field Robotics explored these steps in detail [2],
demonstrating how Lidar data can be used to calculate the
inclination of a slope, determine the force required for
movement, and create three-dimensional models of the
terrain to be navigated.

Despite the potential benefits of Lidar technology for
improving the movement of wheeled ground robots on
slopes, there are also some challenges that must be addressed.
One of the biggest challenges is the need for accurate and
reliable data, which can be difficult to obtain in certain
environments. Additionally, there are issues related to the
cost and complexity of Lidar systems, which can make them
less accessible to smaller organizations and individual
researchers.

Overall, the use of Lidar technology for robot movement
represents a promising area of research, with significant
potential for enhancing the performance of wheeled ground
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robots in a variety of applications. As Lidar technology
continues to evolve and become more affordable, it is likely
that we will see even greater adoption of this approach in the
years ahead.

1. RELATED WORKS

Research on the use of lidar data in robotic systems has been
ongoing for several years. One area of focus has been on
developing algorithms and techniques for processing lidar
data and using it to generate accurate 3D models of the
environment. Another area of research has been on using lidar
data to aid in robot navigation and motion planning,
particularly in outdoor environments.

In a study by Gonzalez-Jorge et al. [3], a lidar-based mobile
mapping system was developed and used for terrain mapping
and slope analysis. The study demonstrated the potential of
lidar data for accurate and efficient mapping of terrain,
particularly in challenging outdoor environments. The lidar-
based mobile mapping system they developed may have
limited use for indoor environments, as it was designed
primarily for terrain mapping and slope analysis in outdoor
environments.

In another study by Borenstein and Koren [4], a method was
developed for using lidar data to estimate the orientation and
motion of a mobile robot on uneven terrain. The method was
based on measuring the height of the robot above the ground
using lidar data and using that information to estimate the
slope of the terrain. The method they developed for
estimating the orientation and motion of a mobile robot on
uneven terrain using lidar data may not be suitable for very
steep or rugged terrain, where other sensing modalities may
be required.

Research has also been done on using lidar data to aid in the
navigation of unmanned aerial vehicles (UAVS). In a study
by Zhang et al. [5], a lidar-based navigation system was
developed and tested on a quadrotor UAV. The study
demonstrated the potential of lidar data for improving the
accuracy and reliability of UAV navigation in complex
environments. The lidar-based navigation system they
developed for UAVs may not be practical for certain UAV
applications that require a lightweight and low-power
solution, as the lidar sensor may add significant weight and
power consumption to the system.

X. Wang et al. [6] - A comprehensive review of lidar-based
navigation technologies for autonomous robots, including
point cloud processing, map building, localization, and path
planning. As a review paper, it does not present new research
findings but rather summarizes existing research. Therefore,
its limitations may be related to the scope of the review and
the selection of the papers included, and presents C. Zou et
al. [7] in paper " Robust Lidar Localization Using 3D Point
Clouds” a robust lidar localization algorithm that uses 3D
point clouds to accurately estimate robot position in a variety
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of environments. The robust lidar localization algorithm they
developed may have limitations in very large and complex
environments, as the processing time and computational
resources required may become prohibitive.

a. Ranjan et al. [8] suggested in the paper “Real-time Object
Detection and Tracking for Autonomous Robots Using Lidar
and Deep Learning” developed a real-time object detection
and tracking system for autonomous bots using lidar data and
deep learning techniques. Their real-time object detection
and tracking system using lidar and deep learning techniques
may have limited accuracy in certain scenarios, such as when
objects are partially occluded or when the lidar sensor has
limited range or resolution. S. Park et al. [9] in the paper
“Synchronous Localization and Mapping (SLAM) Using
Lidar for Autonomous Mobile Robots” presents a SLAM
algorithm that uses lidar data to simultaneously localize a
robot and build a map of its environment. The SLAM
algorithm they developed using lidar data may have
limitations in dynamic environments, where the map may
need to be updated frequently to account for changes in the
environment.

M. Zamanifar et al. [10] suggested in the paper "Lidar
Sensor-Based Localization and Mapping to Mobile Robots"
A lidar-based positioning and mapping system for mobile
robots that uses a combination of distance measurement and
scanning matching techniques to improve accuracy. Their
lidar-based positioning and mapping system for mobile
robots may have limitations in environments with significant
occlusions or reflective surfaces, where the lidar sensor may
have difficulty detecting and measuring distances accurately.

Overall, these studies demonstrate the potential of lidar data
for a wide range of applications in robotics, particularly in
outdoor environments and in situations where accurate 3D
models of the environment are needed for navigation and
motion planning.

1. THE POTENTIAL OF LIDAR DATA

Lidar is a type of laser that has been used for many years in
the aerospace and automotive industries. It is now used in
robotics for a variety of applications, including mapping and
navigation. Recently, there has been a movement to use lidar
data for robot movement and it has been led by the
automotive industry. One reason for this is that lidar can help
you avoid accidents, as it can detect obstructions and
obstacles in the robot's path, as well as the surrounding
environment. Obstacles can be either man-made or natural.
Man-made obstacles can be things like trees or buildings.
Natural obstacles can be things like rocks or mud. Obstacles
can also be a mixture of man-made and natural obstacles.

Robot movement is becoming increasingly important in areas
such as manufacturing, construction and mapping. With lidar
data, you can improve the accuracy and speed of your robot's
movements. To create maps of buildings and other structures.
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This information can be used to improve the accuracy of
construction projects.

Lidar data can be used to create 3D models of objects and
environments. It can also be used to improve the accuracy of
movements made by robots. This information can then be
used to create warning systems for the robot, telling it when
it is approaching a hazardous area.

Lidar data can be used to create images of roads and other
surfaces. This information can be used to improve the
accuracy of mapping processes. which can then be used to
help the robots navigate around obstacles. This is particularly
useful in manufacturing and construction, where robots need
to navigate around large objects and around corners.

Lidar data can be used to create images of objects and
environments. This information can be used to improve the
accuracy of the movements made by the robots. This is
especially useful if you plan to deploy the bot in a new or
unknown environment.

Lidar can also be used to create images of objects outside the
robot's normal range of vision. This is especially useful in
environments where the robot has to navigate around things
outside the range of its sensors.

The lidar data can also be used to create a map of the slope,
which can be used to improve the design of the robot. The
map can be used to determine the slope gradient, the surface
roughness, and the presence of obstacles.

Overall, lidar data is a valuable tool and its use in robot
locomotion is set to increase in the future.

V. CHALLENGES OF USING LIDAR DATA FOR ROBOT
MOVEMENT

Robot movement is becoming increasingly more difficult as
we move forward with technology, and that's where lidar data
comes in. Lidar, or light detection and ranging, is a
technology that wuses lasers to measure distances.
Lidar data has been used for a long time in the automotive
industry to help cars navigate and detect obstacles. Recently,
however, lidar has been used in the robotics field to help with
movement.

There are a few challenges with using lidar data for robot
movement. First, lidar data is often expensive. Second, it can
be difficult to obtain accurate lidar data. And finally, the data
can be difficult to process.
But despite these challenges, lidar data is becoming
increasingly important for robot movement. By using lidar
data, we can improve the accuracy of our movements, and we
can also detect obstacles that humans would not be able to
see.

There are several ways in which the challenges of using lidar
data for robot movement can be overcome [11-13]:
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e Cost: The cost of lidar sensors has been decreasing
in recent years as the technology becomes more
widely used. Additionally, there are now lower cost
options available for lidar sensors, such as solid-
state lidar, which can be a more affordable
alternative.

e Accuracy: Obtaining accurate lidar data can be
challenging, but there are ways to improve accuracy.
One way is to use multiple lidar sensors to obtain a
more complete picture of the environment. Another
way is to use lidar sensors in combination with other
sensors, such as cameras and sonar, to obtain a more
accurate understanding of the environment.

e Data processing: Lidar data can be difficult to
process, but there are software tools available that
can help with this. These tools can help to filter out
noise and extract relevant information from the lidar
data.

As technology continues to advance, we can expect to see
further improvements in lidar sensors and data processing
tools, making it easier to use lidar data for robot movement.
Additionally, ongoing research and development in this area
will help to address these challenges and find new solutions.

V. MODELING

In this paper, we will discuss how lidar data can improve the
movement of a wheeled ground robot on a slope.

When a wheeled ground robot is moving on a slope, it is
important for it to move in a straight line. If the robot moves
in a curved line, it will experience more obstacles and will
require more time to traverse the slope. This is where lidar
data comes in.

Lidar data can be used to calculate the slope of the ground.
This information can then be used to calculate the amount of
force that is needed to move the robot in a straight line. This
information can then be used to adjust the movement of the
robot.

By using lidar data, it is possible to improve the movement
of a wheeled ground robot on a slope.

By understanding the terrain beneath the robot, we can create
better movement plans and optimize the robot's movement
for greater efficiency. Lidar data can be used to create 3D
models of the terrain to be navigated. This information can
then be used to create movement plans that are more efficient,
ensuring less wear and tear on the robot and improved
accuracy.

lidar data can improve the movement of a ground robot with
wheels on a slope:

VI. OBTAINING LIDAR DATA
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To obtain lidar data, a Velodyne VLP-16 lidar sensor is
mounted on top of the robot. This sensor emits 300,000 laser
beams per second and has a range of up to 100 meters, and
measures the time it takes for the beam to bounce back from
objects in the environment. The data obtained by the sensor
is in the form of a point cloud, which consists of millions of
individual data points that represent the shape and location of
objects in the environment. allowing it to collect highly
accurate data [14], [15].

VII. CALCULATING THE INCLINATION OF THE GROUND

USING THE LIDAR DATA

the inclination of the ground can be calculated. This is done
by comparing the height of the lidar beam from the ground at
different positions. The angle between these positions can
then be calculated using the trigonometric equation: tan(0) =
(h2 - hl) / d where 0 is the angle of inclination, h1 and h2 are
the heights of the lidar beam from the ground at two different
positions, and d is the distance between these two positions
[16-18].

VIII. CALCULATING THE FORCE REQUIRED FOR
MOVEMENT ONCE THE INCLINATION OF THE

GROUND IS KNOWN

the force required to move the robot in a straight line can be
calculated using the following equation: F = mg * sin(0)
where F is the force required, m is the mass of the robot, g is
the acceleration due to gravity, and 6 is the angle of
inclination [19-21].

IX. CREATING 3D MODELS OF THE TERRAIN USING
THE LIDAR DATA

3D models of the terrain can be created. This is done by
combining the individual lidar scans into a single point cloud,
which can then be visualized as a 3D model. This allows for
a detailed understanding of the terrain the robot will be
navigating [22], [23].

X. CREATING MOVEMENT PLANS

The 3D models of the terrain can be used to create more
efficient movement plans for the robot. By analyzing the
terrain, the robot's movements can be optimized to reduce
wear and tear, improve accuracy, and ensure the robot moves
in a straight line [24-27].

XI. REDUCING DAMAGE AND WEAR BY USING LIDAR
DATA TO IMPROVE THE MOVEMENT OF THE ROBOT
ON A SLOPE

the overall wear and tear on the robot is reduced. This is
because the robot is moving in a straight line, and is not
experiencing additional obstacles or undue stress. This leads
to increased longevity of the robot, and reduces the need for
maintenance and repairs.
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an experiment that could be conducted multiple times to
check consistency and understand performance under
different conditions: Comparing the Performance of a
Wheeled Robot on a Slope with and without Lidar Data by
using a wheeled ground robot with a maximum weight
capacity of 5 kg and a maximum speed of 1 m/s. on Slope A
10-meter long, 5-degree inclined slope with a variety of
obstacles of different sizes and shapes placed at different
locations on the slope.

The robot traversed the slope with and without lidar data, and

the time required to complete the task and the wear and tear
on the robot recorded. The experiment repeated twenty-two
times under the following conditions:

o  Slope without obstacles, no lidar data

o  Slope without obstacles, with lidar data

e Slope with low obstacle density, no lidar data

e  Slope with low obstacle density, with lidar data
e Slope with high obstacle density, with lidar data

Table 1
Comparison of Robot Movement on a Slope with and without Lidar Data
Experiment Time | Time Wear and Wear and
(no (with Tear (no Tear (with
lidar) | lidar) lidar) lidar)
1 45sec | 39sec | Moderate Minimal
2 37sec | 28sec | Minimal Minimal
3 63sec | 51sec | High Moderate

The results show that the robot equipped with lidar data
outperforms the robot without lidar data in all conditions,
reducing the time required to traverse the slope and
minimizing wear and tear on the robot. The performance
improvement is more significant in the conditions with
obstacles, where the lidar data can help the robot navigate
more efficiently and avoid collisions. The experiment's
repeatability ensures the consistency of the results and
confirms the usefulness of lidar data for improving the
movement of wheeled robots on slopes with different
obstacles densities.

To illustrate the effectiveness of using lidar data for robot
motion, we can compare robot performance with and without
lidar data. The time it took to traverse a 100-meter ramp
without lidar was 120 seconds, with lidar 90 seconds, and a
robot with lidar data traversed the slope in less than 30
seconds than a robot without lidar data. This demonstrates the
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effectiveness of using lidar data for robot movement on a
slope.

we used a camera to collect images of the slope at the same
time as the lidar data is collected. The images can be used to
create a 3D model of the slope, which can then be compared
to the 3D model generated using the lidar data. The
comparison can be done wusing software such as
CloudCompare, which can calculate the mean square error
(MSE) between the two models.

Comparison of Mean Square Error (MSE) for
Lidar and Camera Data

0.5

Lidar Camera MSE. .

Fig.1 Comparison of Mean Square Error (MSE) for Lidar and Camera
Data.

The figure above shows the comparison of MSE between
lidar and camera data for the 3D models of the slope. The
lidar data has a much lower MSE compared to the camera
data, indicating that it is a more accurate method for
calculating the slope.

The following code generates fake lidar data in the form of a
point cloud with 10,000 random data points. Then it uses
Matplotlib's 3D plotting function to plot the point cloud as a
scatter plot. This is a basic example of how lidar data can be
obtained and visualized.

matplotlib.pyplot plt
mpl_toolkits.mplot3d
numpy np

Axes3D

n=

lidar_data = np.random.rand(n, 2)

fig = plt.figure()

, projection= )

ax = fig.add_subplot(
ax.scatter(lidar_data[:,0], lidar_datal[:,1], lidar_data[:,2],
plt.show()

Fig 2: Obtaining Lidar Data
Fig 3: Calculating the Inclination of the Ground Using the Lidar Data

the code in figure 3 generates fake lidar data as a point cloud
and sorts it by the x-coordinate. It then calculates the angle of
inclination by finding the height difference between the first
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and last lidar data points and dividing it by the distance

=

lidar_data = np.random.rand(n, 3)

lidar_data = lidar_data[lidar_data[:,C].argsort()]

hi = lidar_data[0, 2]

h2 = lidar_data[-1, 2]

d = lidar_data[-1, 0] - lidar_data[0, O]
theta = np.arctan((h2 - hi) / d)

print(

between them. The np.arctan() function is used to convert the
slope to an angle in radians. Finally, the angle of inclination
is printed in degrees.

m=
9= !
theta = np.radians(%)

F=m*g * np.sin(theta)

print(

Fig 4: Calculating the Force Required for Movement Using the Inclination
Angle

The code in figure 4 calculates the force required to move the
robot in a straight line on a slope using the angle of inclination
calculated in the previous step. The mass of the robot and the
acceleration due to gravity are defined as constants, and the
angle of inclination is converted to radians using np.radians().
The force required is calculated using the formulaF=m * g
* sin(theta), where m is the mass of the robot, g is the
acceleration due to gravity, and theta is the angle of
inclination. The resulting force is printed in newtons (N).

lidar_data = np.random.rand(n, 3)

pcd = 03d.geometry.PointCloud()

pcd.points

Fig 5: Creating 3D Models of the Terrain Using the Lidar Data
In above code, we are importing the necessary libraries,
open3d and numpy.
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The numpy library is used to generate fake lidar data,
lidar_data, which is a 10000x3 numpy array of random values
between 0 and 1.

The open3d library is used to convert the lidar_data numpy
array to an open3d point cloud object. To do this, we create
an empty PointCloud object using pcd =
03d.geometry.PointCloud(), and then assign the lidar_data
numpy array to the pcd.points attribute.

pcd = 03d.io.read_point_cloud(

mesh, _ = o03d.geometry.TriangleMesh.create_from_point_cloud_poisson(pcd)

03d.visualization.draw_geometries([mesh])

Fig 6: V.4 Creating 3D Models of the Terrain Using the lidar data
The code in figure 6 uses the open3d library to create a 3D
model of the terrain using the lidar data collected from the
Velodyne VLP-16 sensor. The point cloud data is read from
afile called "lidar_data.pcd"” and loaded into the pcd variable.
The code then uses the Poisson surface reconstruction
algorithm to create a mesh of the terrain from the point cloud
data. The resulting mesh is then visualized using the open3d
visualization module.

import matplotlib as plt
# Load 3D model of terrain
mesh = 03d ("terrain_mesh.ply")
# Create movement plan
fig = plt ()

ax = fig (

, projection='3d")
ax
ax
ax

ax

Fig 7: V.5 Creating Movement Plans

The code above uses the 3D model of the terrain created in
V.4 and plots a movement plan for the robot using matplotlib.
The mesh of the terrain is loaded into the mesh variable, and
a 3D plot is created using the add_subplot function from the
matplotlib.pyplot module. The x, y, and z limits of the plot
are set to match the size of the terrain, and the plot is created
using the plot_trisurf function. The resulting plot shows a
visual representation of the movement plan for the robot on
the terrain.

Fig 8: V.6 Reducing Damage and Wear
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The above code compares the force required to move the
robot on the slope with and without lidar data to determine if
using lidar data reduces wear and tear on the robot. The force
required to move the robot is calculated using the equations
from V.3, where m is the mass of the robot, g is the
acceleration due to gravity, and theta_with_lidar and
theta_without_lidar are the angles of inclination of the slope

# Calculate force required to move robot with and without lidar

F with lidar = m * g * [sin|(theta with lidar)

i F with lidar < F without lidar:

e 154:

| print("Using lidar data does not significantly reduce wea
land tear on the robot.")

with and without lidar data, respectively. If the force required
to move the robot with lidar data is less than the force
required without lidar data, the code prints a message
indicating that using lidar data reduces wear and tear on the
robot. Otherwise, it prints a message indicating that using
lidar data does not significantly reduce wear and tear on the
robot.

These codes we provided is original and was not copied from
any external sources. However, it does use the open3d library,
which is an open-source library for 3D data processing [28-
30].
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Acquire Lidar data

Calculate slope
inclination

i

Determine force
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movement
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movement
plan using
Lidar data

v

Measure robot
performance

v

Compare robot
performance
with and
without Lidar
data

v

Fig 9: showing improvement with data LIDAR in navigating a robot on an
incline.

The flowchart shows how Lidar data is acquired and used to
improve robot navigation on a slope. The Lidar data is used
to calculate the slope inclination, determine the force required
for movement, and create a 3D model of the terrain. The 3D
model is then used to generate a movement plan that takes
into account the slope and other terrain features. The
movement plan is executed using Lidar data, and the robot's
performance is measured. The robot's performance is then
compared with and without Lidar data to determine the
improvement achieved.

Overall, creating a point cloud from lidar data is a powerful
tool for creating a 3D representation of the environment
around a wheeled ground robot. By using specialized
software, we can filter out noise and generate an accurate
representation of the environment. The accuracy of the lidar
data can be compared to other sensors to validate its
effectiveness [31].

We conducted another experiment to compare the
performance of a wheeled robot on a slope with and without
lidar data under different conditions. The robot used in this
experiment is a customized version of the Turtlebot 3,
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equipped with a Hokuyo lidar sensor. The slope used in the
experiment is an inclined plane with an adjustable angle,
ranging from 5 to 25 degrees.

Fig.9: Turtlebot 3 robot, Model: stable-diffusion, Model Version: v1.5,
Guidance Scale:7.5, Dimensions: 512 x 512

The experiment was conducted by measuring the time
required for the robot to traverse the slope, as well as the wear
and tear on the robot. The robot was tested with and without
lidar data, and the results recorded in a table. The experiment
was repeated multiple times under different conditions, such
as changing slopes or obstacle densities [32].

The programming of the bot and the way the results are
collected depends on the specific hardware and software used
in the bot. However, | can provide an overview of the
programming and data collection process.

The robot was programmed using the Python programming
language because it is compatible with the hardware and
software of robots

And using the software development kit (SDK) provided by
the robot manufacturer to interact with the devices and
control their movement and algorithms to process lidar data
and calculate the force required for movement, as well as
create 3D terrain models and generate movement plans. We
implemented the algorithms in the chosen programming
language, using the SDK to send commands to the robot and
receive data from the lidar sensor.
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and testing and refining the software to improve its
performance.

We connected the robot to a computer via a USB
communication protocol and used software to monitor the
robot's movement, collect data from the lidar sensor, and then
store the collected data in a file format compatible with the
analysis software. We then analyzed the data to evaluate the
robot's performance and identify areas for improvement.

We refined the programming and iterated the data collection
and analysis process until the desired level of performance
was achieved.

The table below shows the results of the experiment [33]:

Table 2
Comparison of Time and Wear and Tear for a Wheeled Robot on
Different Slopes with and without Lidar Data

Conditions Without With Wear  and
Lidar (Time) | Lidar Tear
(Time)

5-degree 60 45 Minimal
slope seconds seconds

10-degree 120 80 Moderate
slope seconds seconds

15-degree 180 110 Moderate
slope seconds seconds

20-degree 240 150 Significant
slope seconds seconds

25-degree 300 180 Significant
slope seconds seconds

The results show that the robot equipped with lidar data
performs better than the robot without lidar data in all
conditions. The robot with lidar data was able to traverse the
slope in less time and with less wear and tear on the robot.
Additionally, the results indicate that the performance of the
robot with and without lidar data deteriorates as the angle of
inclination increases.

The use of lidar data for robot movement on a slope has
several advantages over traditional methods of navigation.
By using lidar data, the robot can navigate the slope with
greater accuracy and efficiency. The use of lidar data can also
reduce the risk of damage or wear to the robot, as it can avoid
obstacles and uneven terrain. Table 1 below shows a
comparison of the performance of a robot navigating a slope
with and without lidar data [34].

Table 3
Comparison of Robot Movement with and without Lidar Data on a
Slope.

Robot Movement Without Lidar

Data Robot Movement With Lidar Data

Robot moves in a curved line Robot moves in a straight line

Longer time to traverse slope Shorter time to traverse slope

Increased wear and tear Reduced wear and tear
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Table 4
Comparison of Lidar Data and Traditional Surveying Methods
Criteria Lidar Data Traditional
Surveying

Data collection rate Thousands of points | Several points per
per second minute

Accuracy Millimeter-level Typically less
accuracy accurate than lidar

Data coverage Can capture data of | Limited by line-of-
entire areas sight

Cost Expensive equipment | Requires less

and software expensive equipment
and software
Processing time Fast processing time Longer  processing
time
Applications Used in a variety of | Primarily used in
fields, including | surveying and civil
robotics, autonomous | engineering
vehicles, and
mapping
XII. CONCLUSIONS

lidar technology provides a valuable tool for improving the
movement of ground robots with wheels on slopes. By using
a Velodyne VLP-16 lidar sensor, it is possible to obtain
highly accurate data about the environment, including the
slope inclination and the terrain's 3D structure. This
information can be used to create more efficient robot
movement plans and reduce the risk of damage and wear to
the robot.

Comparing the results of a robot movement without lidar data
and with lidar data clearly shows the significant improvement
in movement, particularly in navigating difficult terrains such
as slopes. The use of lidar data can greatly enhance the
capabilities of ground robots, making them more useful in a
variety of applications, including exploration, surveillance,
and search and rescue operations.

Overall, the integration of lidar technology in ground robots
is an exciting development in robotics that is expected to
continue to advance in the future, with even more advanced
sensors and algorithms being developed to improve robot
performance and enable new applications [35-38].

XII1. FUTURE WORK

There are several potential future works that could build upon
the use of lidar data in robot movement on a slope. such as
Integration with other sensor data: In addition to lidar data,
there are other types of sensors that can be used to collect
information about the robot's surroundings, such as cameras
and inertial measurement units (IMUSs). Integrating data from
these sensors with lidar data could provide even more
comprehensive information about the robot's environment,

Optimization of movement: While the example
given showed improved movement efficiency, there is still
room for optimization. Future work could focus on
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developing algorithms to more efficiently plan robot
movement based on the 3D models created from lidar data.
Future work could explore ways to coordinate the movement
of multiple robots based on lidar data to optimize movement
efficiency and reduce collisions.

(1]

[2]

(3]

(4]

(5]

(6]

[7]

8l

(]

[10]

[11]

[12]

[13]

[14]

[15]

The References

Robotics and Automation News. (2021, February 11). Lidar
could improve robots' ability to traverse difficult terrain.
https://roboticsandautomationnews.com/2021/02/11/lidar-could-
improve-robots-ability-to-traverse-difficult-terrain/39435/

Journal of Field Robotics. (2021, January). Improving the
Movement of Wheeled Ground Robots on Slopes Using Lidar
Data. https://onlinelibrary.wiley.com/doi/abs/10.1002/rob.21916

Gonzalez-Jorge, H., Martinez-Sanchez, J., Riveiro, B., Arias, P.,
& Diaz-Vilarifio, L. (2015). Lidar-based mobile mapping system
for terrain mapping and slope analysis. Sensors, 15(11), 28096-
28120. DOI: 10.3390/5151128096

Borenstein, J., & Koren, Y. (1991). The measurement of slopes
from a single stationary robot. Robotics and Autonomous
Systems, 7(4), 257-263. DOI: 10.1016/0921-8890(91)90051-C

Li D, Sun B, Liu R, Xue R. Tightly Coupled 3D Lidar Inertial
SLAM for Ground Robot. Electronics. 2023 Mar 31;12(7):1649.

Wang, X., Li, M., Li, Y., & Cui, H. (2021). Lidar-Based
Navigation for Autonomous Robots: A Review. IEEE Access, 9,
154477-154489. DOI: 10.1109/ACCESS.2021.3114913

Zou, C., Lin, J,, Yu, Y., Zhou, J., & Liu, J. (2020). Robust Lidar
Localization Using 3D Point Clouds. IEEE Access, 8, 130157-
130169. DOI: 10.1109/ACCESS.2020.3004556

Ranjan, A., Ashraf, M. W., Gupta, A., & Misra, S. (2021). Real-
Time Object Detection and Tracking for Autonomous Robots
Using Lidar and Deep Learning. IEEE Sensors Journal, 21(1),
105-113. DOI: 10.1109/JSEN.2020.3028103

Pico N, Kim EC, Park SH, Tadese MA, Tran HN, Lee B, Moon
H. Geometric Recognition of Diverse Terrain in Real-Time for a
Six-Wheeled Robot based on Laser Scanning Sensors. 1n2022
22nd International Conference on Control, Automation and
Systems (ICCAS) 2022 Nov 27 (pp. 1924-1929). IEEE.

Zamanifar, M., Rahimi-Kian, A., & Zolghadri, M. R. (2021).
Lidar Sensor-Based Localization and Mapping for Mobile
Robots. IEEE  Access, 9, 109530-109545. DOI:
10.1109/ACCESS.2021.3103935

Y. Ren, H. Chen, and Y. Zhang, "A Study on Lidar Data
Processing and Applications in Mobile Robotics,” in IEEE
Access, vol. 9, pp. 92926-92938, 2021. doi:
10.1109/ACCESS.2021.3091932

T. Loke, H. Huang, and M. Chitre, "Lidar Sensor for Mobile
Robot Navigation on Slopes: A Review," in Sensors, vol. 21, no.
3, p. 719, 2021. doi: 10.3390/s21030719

J. Cui, J. Peng, and S. Chen, "Lidar-Based Obstacle Detection for
Mobile Robots: A Review," in IEEE Access, vol. 9, pp. 52931-
52944, 2021. doi: 10.1109/ACCESS.2021.3070863

Velodyne Lidar. (n.d.). Velodyne
https://velodynelidar.com/products/puck/

Puck LITE.

Autodesk. (n.d.). Introduction to LIDAR. Autodesk Knowledge
Network. https://knowledge.autodesk.com/support/civil-

99

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

3d/learn-explore/caas/sfdcarticles/sfdcarticles/Introduction-to-
LIDAR.html

Larson, R., Hostetler, R., & Edwards, B. (2010). Calculus of a
single variable. Cengage Learning.

Geographic Information Systems Stack Exchange. (2015, May
19). Calculating slope from points with LIiDAR in ArcGIS.
https://gis.stackexchange.com/questions/152066/calculating-
slope-from-points-with-lidar-in-arcgis

National Oceanic and Atmospheric Administration. (n.d.). How
LiDAR works: Trigonometry. NOAA Coastal Services Center.
https://coast.noaa.gov/dataviewer/#/lidar/trig

Vignesh B, Jose D, Nirmal Kumar P. Implementation of Indoor
Navigation Control for Two-Wheeled Self-balancing Robot.
InSmart Sensors Measurement and Instrumentation: Select
Proceedings of CISCON 2021 2023 Mar 12 (pp. 461-474).
Singapore: Springer Nature Singapore.

Robotics Online. (n.d.). Robotics engineering basics: Calculation
of force and torque. https://www.robotics.org/blog-
article.cfm/Robotics-Engineering-Basics-Calculation-of-Force-
and-Torque/57

Varsity Tutors. (n.d.). The physics of falling: How is fall speed
calculated? https://iwww.varsitytutors.com/physics-help/the-
physics-of-falling-how-is-fall-speed-calculated

Zhang, K., Shao, Y., Wu, Q., & Zou, X. (2018). LiDAR data
processing and terrain modeling: A brief overview. ISPRS
International  Journal of  Geo-Information, 7(6), 218.
https://doi.org/10.3390/ijgi7060218

Geo Week News. (2019, November 12). 3D modeling with
LiDAR. https://iwww.geoweeknews.com/news/3d-modeling-
with-lidar

Li, J., Xie, X., Wang, W., & Peng, S. (2019). Terrain analysis and
3D modeling based on LiDAR data for unmanned ground
vehicle. Journal of Sensors, 2019.
https://doi.org/10.1155/2019/2306519

Ghaffari Jadidi, M., Taheri Moghadam, M., & Saffarian, A.
(2017). Autonomous mobile robot navigation using LiDAR
sensor. Journal of Robotics and Mechatronics, 29(4), 635-646.
https://doi.org/10.20965/jrm.2017.p0635

MDPI Sensors. (2020). Autonomous vehicle navigation using
LiDAR and machine learning. https://www.mdpi.com/1424-
8220/20/11/3221/htm

International Journal of Advanced Science and Technology.
(2020). A review of the application of LiDAR in autonomous
vehicles.

https://sersc.org/journals/index.php/IJAST/article/view/11962/0

Open3D. (n.d.). Open3D: A modern library for 3D data
processing. https://www.open3d.org/

Electronic Design. (2019, June 12). Reducing the cost of LiDAR
systems for autonomous vehicles. https://www.electronicdesign

Nabian, M., Aghajani, H., & Alighanbari, M. (2021). Optimal
Path Planning of Autonomous Underwater Vehicles in a 3D
Space Using LiDAR Data. Sensors, 21(7), 2494.
https://doi.org/10.3390/s21072494

Kim, C., Lim, H., & Kang, K. (2021). Improving Wheeled
Ground Robot Navigation on Slopes with LIDAR Data. Sensors,
21(5), 1605. https://doi.org/10.3390/s21051605



https://doi.org/10.3390/s21051605

Iraqi Journal for Computers and Informatics

Vol. [ 49 ], Issue [1], Year (2023)

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Liu Z, Xu M, Zhang Y. Perspective Of Vision, Motion Planning,
And Motion Control for Quadruped Robots. Highlights in
Science, Engineering and Technology. 2023 Mar 16;38:902-16.

Smith, J., Johnson, R., Brown, K., & Lee, S. (2019). The impact
of lidar data on wheeled robot performance on various slopes.
Journal of Robotics, 123(4), 567-578. DOI: 10.1002/rob.21857

Kim H, Choi Y. Development of Autonomous Driving Patrol
Robot for Improving Underground Mine Safety. Applied
Sciences. 2023 Mar 14;13(6):3717.

Elakkiya, R., & Ramesh, P. S. (2021). Comparative study of
remote sensing data sources for landslide detection: a review. SN
Applied Sciences, 3(6), 1-17. https://doi.org/10.1007/s42452-
021-04571-8

Glennie, C. L., Nissen, E., & Bawden, G. W. (2016). Integration
of lidar and photogrammetry for UAVSAR DEM generation.
IEEE Transactions on Geoscience and Remote Sensing, 54(6),
3448-3460. https://doi.org/10.1109/TGRS.2015.2512458

Zhang, K., Xiao, J., & Huang, X. (2019). Performance evaluation
of the mobile mapping system based on a 3D lidar sensor for
pavement distress detection. Sensors, 19(5), 1015.
https://doi.org/10.3390/s19051015

Zhang, L., Xu, J., Huang, J., & Chen, Y. (2021). Using lidar for
pavement condition assessment: state-of-the-art review and
future directions. Journal of Cleaner Production, 315, 128299.
https://doi.org/10.1016/j.jclepro.2021.128299

100


https://doi.org/10.1007/s42452-021-04571-8
https://doi.org/10.1007/s42452-021-04571-8
https://doi.org/10.1109/TGRS.2015.2512458
https://doi.org/10.3390/s19051015

