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ABSTRACT

SLAM system that enables an autonomous robot to efficiently navigate and map a wide range 
of locations. Numerous industries, such as driverless vehicles, warehouse logistics, search and 
rescue operations, industrial automation, and more uses the suggested SLAM-based robot. 
The present research work tackles the vital need for precise mapping and self-localization 
in dynamic environments by seamlessly merging sensor data with cutting-edge algorithms, 
thereby contributing to the growth of automation and robotics in a variety of industries. This 
work demonstrate the seamless integration of Robot Operating System (ROS) with a suite of 
hardware components, including LiDAR (Light Detection and Ranging), IR (Infrared) sen-
sors, motors, motor drivers, and Raspberry Pi to create a comprehensive autonomous robotics 
platform. The ROS framework serves as the central nervous system, enabling real-time data 
processing, sensor fusion, and motor control for diverse applications such as navigation, ob-
stacle avoidance, and environmental mapping. The findings of this study provide a summary 
of the essential elements and their functions in creating a flexible and competent autonomous 
robot, showing the potential for developments in areas like robotics, automation, and AI-driv-
en systems.
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INTRODUCTION

The field of robotics has grown tremendously in the pre-
vious few decades. Autonomous robotic systems promise to 
completely transform the way humans work by automating 
risky and repetitive activities, increasing productivity, and 

addressing the labour crisis [1]. This technology is driven 
by the increasing availability of hardware as well as the 
shrinking size and cost of computer resources. Numerous 
industries, like warehousing, have previously shown how 
robotic automation may increase both production and 
safety [2]. Robotic automation has not found on in the 
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construction industry, though. The dynamic nature of con-
struction sites poses an obstacle to adoption, as it makes 
infrastructure setup challenging [3]. Therefore, in order to 
offer more flexibility, transportable systems are required. 

Since human-robot interaction is a natural means of com-
munication, it is crucial to the functioning of service robots. 
There are numerous ways for humans and robots to com-
municate that been suggested, like voice interaction, facial 
recognition, and sensor motor interaction. For a highly intel-
ligent service robot, its capacity to locate itself and navigate to 
a destination within the workplace is important [4]. There are 
several uses for gesture recognition, such as in social assistive 
robotics (SAR), human robot interaction (HRI), and human 
machine interaction (HMI) [5]. The capacity of an autono-
mous robot to construct a map and locate itself while con-
currently navigating in an unfamiliar environment is known 
as among the most important areas in robotics. The scientific 
community has focused on simultaneous localization and 
mapping (SLAM) for more than 20 years, and it is crucial in 
many applications in real life. The derived terrain maps may 
prove to be quite beneficial for these kinds of applications 
and systems, which also involve robot navigation. Stereo or 
monocular vision-based SLAM techniques are gaining pop-
ularity[6]. Modern methods were used, with vision being the 
average of how the actual surroundings. Human vision typi-
cally perceives just two dimensions, with the third dimension 
commonly referred to as depth being experienced.

ROBOTIC RESTAURANT MANAGEMENT SYSTEM

Robotic restaurant management system consist of 
following 

A. The Robot Operating System: It is the cornerstone of 
the TurtleBot’s software architecture. It offers an adapt-
able framework for controlling hardware abstraction, 
inter-component communication, and development 
tools [7]. The software overview is shown in figure 1.

B. Node-base Architecture: The software components 
of ROS are arranged as nodes that interact with one 
another via topics and services. This architecture is built 
on nodes. This modular design facilitates easy integra-
tion of various functionality and scalability [8]. 

C. Sensor Data Processing:- Data processing modules for 
sensors installed on the TurtleBot, including LiDAR, cam-
eras, and IMUs, are part of the software. For perception 
tasks including mapping, localization, object detection, 
and obstacle avoidance, this processing is essential [9]. 

D. Navigation Stack: The TurtleBot’s paths are autono-
mously planned and carried out by the navigation stack. 
It consists of parts for motion control, map construc-
tion, localization, and path planning, allowing the robot 
to move around its surroundings effectively and safely 
[10]. The navigation system is shown in figure 2.

E. Manipulation Framework: The software design of the 
TurtleBot includes a manipulation framework, in the 
event that it is outfitted with grippers or manipula-
tor arms. By providing kinematics, motion planning, 
grasping, and manipulation planning control over the 
manipulator, this framework lets the robot engage with 
its surroundings [11]. 

F. URDF & XACRO: The XML Macros (XACRO) file and 
the Unified Robot Description Format (URDF) file are 
crucial for defining and configuring robots in ROS 2. 
The URDF standardizes the XML format for describing 

Figure 1. Software overview.
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the physical components of a robot, such as its joints, 
connections, sensors, and other parts as depicted 
in figure 3. By enabling modular and customizable 
robot descriptions, XACRO expands upon URDF and 
streamlines the administration of intricate robot models 
[12]. The URDF and XACRO files for a SLAM robot 
in ROS 2 specify the robot’s physical characteristics, 
including its base, sensors (such cameras or LiDAR), 
and any other parts required for mapping and localiza-
tion duties as shown in figure 4. These files facilitate the 
mapping, localization, and navigation functions that are 

essential for autonomous operation by allowing ROS 
2 to precisely simulate and control the robot within a 
SLAM environment.

G. RViz and Gazebo Simulator: Two crucial tools for robot 
development and simulation in ROS 2 are RViz and 
Gazebo Simulator. With the use of a 3D visualization 
tool called RViz, viewers may see real-time visualiza-
tions of sensor data, robot models, and the robot’s sur-
roundings. It is a priceless tool for troubleshooting and 
optimizing robot behavior since it offers a graphical 
interface for robot monitoring and debugging [13,14]. 

Figure 2. Navigation system.

Figure 3. URDF describing physical components of a robot, such as its joints, connections, sensors, and other parts.
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Conversely, users can realistically replicate robot mod-
els and their interactions with the environment with 
Gazebo Simulator, a physics-based simulator. Before 
implementing them on actual robots, it offers a plat-
form for testing control techniques, robot algorithms, 
and overall system performance in a virtual setting. In 
ROS 2, RViz and Gazebo Simulator used together to 
create, test, and validate robotic systems as shown in 
figure 5 and figure 6. 

Product Design for Restaurant Service Robot
For restaurant management robots with SLAM 

(Simultaneous Localization and Mapping) capabilities, 
computer-aided design, or CAD, is essential [15,16]. It 
allows for accurate manufacturing, accurate prototyping, 
seamless component integration, efficient team collabora-
tion, affordable development, and flexible customization to 
meet particular operational needs. Engineers may ensure 
optimal functionality and performance by visualizing and 

Figure 4. Xacro overview.

Figure 5. Gazebo simulation for robotic restaurant management model.
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refining designs with the aid of CAD software. Iterative 
design lowers errors, cuts down on development time, and 
makes it easier to create creative solutions that are specif-
ically suited to the demands of restaurant situations [17]. 
Additionally, CAD models provide a common forum for 
interdisciplinary communication, facilitating the coopera-
tive efforts of mechanical, electrical, and software experts 
in the effective deployment of robotic systems in restaurant 
management as shown in figure 7.

System Architecture 
In the context of a SLAM-based restaurant service robot 

[18], ROS topics facilitate communication between various 
components, allowing for exchange of sensor data, com-
mands, and status updates, enabling seamless coordination 
and control of the robot’s functionalities as shown in fig-
ure 8. YAML parameters files store configuration settings 
and parameters for the robot’s behaviour and environment, 
such as sensor calibration data or navigation parameters, 
providing a flexible and easily editable way to adjust robot 
behaviour without modifying code [2]. URDF (Unified 
Robot Description Format) files describe the robot’s phys-
ical structure, including links, joints, sensors, and visual 
properties, enabling accurate visualization, simulation, and 
kinematic modelling of the robot within the ROS ecosys-
tem [19].

In the context of a SLAM-based restaurant service robot 
[18], ROS topics facilitate communication between various 
components, allowing for exchange of sensor data, com-
mands, and status updates, enabling seamless coordination 
and control of the robot’s functionalities as shown in fig-
ure 8. YAML parameters files store configuration settings 
and parameters for the robot’s behaviour and environment, 

such as sensor calibration data or navigation parameters, 
providing a flexible and easily editable way to adjust robot 
behaviour without modifying code [2]. URDF (Unified 
Robot Description Format) files describe the robot’s phys-
ical structure, including links, joints, sensors, and visual 
properties, enabling accurate visualization, simulation, and 
kinematic modelling of the robot within the ROS ecosys-
tem [19]. 

XACRO (XML Macros) files were used to modularize 
and simplify URDF files by defining reusable macro ele-
ments, reducing redundancy and improving maintainabil-
ity, making it easier to manage complex robot descriptions 
as shown in figure 9. The Robot State Publisher node in 
ROS publishes the robot’s kinematic state (e.g., joint angles 
and transformations) to the TF (Transform) tree, allow-
ing other nodes to access and utilize this information for 
navigation, manipulation, and visualization tasks [13]. The 
robot description refers to a comprehensive representation 
of the robot’s physical properties, including its geometry, 
kinematics, dynamics, and sensor configurations, typically 
stored in URDF or XACRO files for use within ROS appli-
cations as shown in figure 10.

Mechanism for controlling the motion of robots with two 
wheels, enabling forward, backward, and rotational move-
ments by independently adjusting wheel velocities, com-
monly used in mobile robots like the restaurant service robot 
as shown in figure 10. ROS message specifying desired linear 
and angular velocities for controlling the robot’s motion, typ-
ically utilized in conjunction with differential drive control-
lers to generate wheel commands [20]. ROS components are 
responsible for managing the lifecycle and configuration of 
robot controllers, facilitating seamless integration and coor-
dination of various control algorithms for different robot 

Figure 6. Rviz simulation.
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Figure 7. CAD model of restaurant service robot

Figure 8. System architecture.
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subsystems. ROS node responsible for publishing the current 
state of robot joints, such as positions, velocities, and efforts, 
allowing visualization and monitoring of joint movements 
and ensuring synchronization with simulation or control 
algorithms. A control method allowing users to drive the 
robot using joystick input, enabling intuitive navigation in 
real-time within the restaurant environment. A ROS topic 
used to send velocity commands to the robot’s motors, facil-
itating movement control and navigation directives based on 

SLAM mapping. ROS bridge Server acts as a communica-
tion interface between ROS and external systems, enabling 
bidirectional data exchange, which can be utilized for 
remote monitoring or control of the restaurant service robot. 
Software component responsible for interfacing with the 
Lidar sensor, collecting precise environmental data used for 
mapping and localization, crucial for the robot’s autonomous 
navigation and obstacle avoidance in the restaurant setting as 
mentioned in Figure 11.

Figure 10. Controller manager.

Figure 9. Xacro format.
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Simultaneous Localization and Mapping
Hardware and software integration is the next step in 

the development process for a restaurant service robot that 
uses SLAM (Simultaneous Localization and Mapping), 
after the CAD design stage. This include building the robot, 
adding sensors such as cameras and LiDAR, and develop-
ing algorithms for object identification, SLAM, navigation, 

and human-robot communication as shown in Figure 12. 
Testing guarantees precise mapping, obstacle avoidance, 
localization, and effective meal delivery. Working together 
to get input from restaurant employees improves usability. 
To create a dependable restaurant service robot with SLAM 
capabilities, mechanical, electrical, and software experts 
need to work closely together.

Figure 11. Plug-in controls.

Figure 12. Robot service model.
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RESULTS AND DISCUSSION

The state-of-the-art Slam-based restaurant service 
robot is made to navigate restaurant settings on its own and 
serve patrons effectively [21]. This robot can correctly ori-
ent itself and map its surroundings in real-time by utilizing 
Simultaneous Localization and Mapping (SLAM) tech-
nology [22]. This allows it to navigate busy and dynamic 
restaurant areas with ease. With its sophisticated sensors 
and clever algorithms, the robot can quickly and safely serve 
food and beverages to clients’ tables by recognizing obstruc-
tions, averting collisions, and calculating the best paths. 
The robot may converse with patrons and employees of the 
restaurant, adding to the whole dining experience. But like 
any complicated system, it could occasionally experience 
problems or malfunctions that require for troubleshooting, 
which usually entails figuring out where the mistakes are 
in the sensors, fixing inconsistent navigation, or adjusting 

the localization algorithms to make sure smooth operation 
and uninterrupted service delivery as shown in figure 13. 
Troubleshooting for Localization is shown in figure 14.

SLAM algorithms utilise information from various 
sensors [23]. For robots to perform activities safely and 
independently, they need to be able to comprehend where 
they are in relation to the surroundings. This kind of issue 
is characterised by the need that the robot be aware of its 
location within the surroundings. Any robotic application 
where the robot has to navigate a novel environment and 
create a map must be based on the vSLAM idea. In contrast 
to the sensors used in classical SLAM, sensors like LIDAR 
or GPS (Global Positioning Systems) are less expensive 
and have a greater capacity to collect environmental data 
including colour, texture, and appearance. Furthermore, 
contemporary cameras are inexpensive, small, and low 
power consumption.

Figure 14. Troubleshooting for Localization.

Figure 13. Model Test Track for Localization.
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SLAM 

The technique by which a robot or other device may 
simultaneously map its surroundings and determine its own 
position within them is known as simultaneous localization 
and mapping (SLAM). For autonomous robots and vehi-
cles to navigate and function well in uncharted or changing 
surroundings, this capacity is essential. It explores the basic 
ideas of statistics and probability theory and explains why 
they are important for modelling uncertainty in robotic 
systems. Determining the robot’s location and orientation 
in relation to its surroundings is one of the major robot-
ics issues. It discusses probabilistic methods for localising 
robots, such as particle filters and Markov localization. This 
covers methods such as feature-based mapping and grid-
based mapping. It introduces the ORB-SLAM system, a 
simultaneous localization and mapping (SLAM) system. A 
basic robotics task is known as simultaneous localization 
and mapping (SLAM), in which a robot or other device 
maps an uncharted area while also tracking its position on 
the map. Because the ORB-SLAM system is made to use 
monocular cameras for SLAM, it can be used in a wide 
range of robotic and computer vision applications. 

From early approaches that relied on geometric and 
probabilistic methods to more recent developments that 
integrate sensors like cameras and Lidars for robust percep-
tion, the authors explore the development of SLAM tech-
niques. The research highlights the difficulties of SLAM, 
including how to handle computing limitations, sensor 
noise, and the requirement for real-time operation in a 
variety of applications. 

Mapping 
SLAM methods, which entail mapping the surround-

ings and concurrently locating the robot on that map. The 
significance of persistent navigation—which enables the 
robot to keep functioning and updating its map even in the 
face of abrupt changes in the surroundings—is emphasised 
by the authors. 

G-Mapping is a probabilistic framework that builds pre-
cise and comprehensive maps of the surroundings by fusing 
odometers and laser range data [24]. One of G-Mapping’s 
primary contributions is its capacity to manage noisy and 
unclear sensor input, which allows the robot to map par-
tially viewable landscapes. There were issues with accuracy, 
computational economy, and real-time performance with 
traditional mapping algorithms. In this work, we assessed 
the usefulness of SLAM (Simultaneous Localization and 
Mapping) algorithms in mapping dynamic and crowded 
surroundings, with a special focus on a restaurant setting. 
It was intended to measures  mapping accuracy, real-time 
performance, and adaptation to environmental changes. 
In a simulated restaurant scenario, we used a mobile robot 
outfitted with a LIDAR sensor and an RGB-D camera. The 
robot was designed to traverse and map the room automat-
ically, meeting common restaurant components includ-
ing tables, chairs, and moving customers. Initially, in a 

controlled setup with minimal movement, the SLAM algo-
rithm (e.g., Hector SLAM) successfully generated detailed 
and accurate maps. Quantitative analysis showed an aver-
age mapping error of less than 5% in terms of object place-
ment and room layout.

Navigation 
The importance of coverage path planning in robotics 

and highlights its uses in agriculture, exploration, surveil-
lance, and environmental monitoring. The authors empha-
sise how important autonomous robots are for carrying out 
duties that require covering a certain region completely 
or partially. They classify the methods according to many 
parameters, including sensor modalities, robot capabil-
ities, and environment representation. The taxonomy 
offers an organised approach to comprehending the many 
methods used in the discipline. Algorithms such as Wave 
front Expansion and Dynamic Window Approach, which 
are grid-based, aid in the robot’s effective navigation. The 
main findings include a discussion of the difficulties and 
potential options for coverage path planning. It highlights 
the necessity of combining several methodologies and sen-
sor modalities in order to improve robotic systems’ perfor-
mance in coverage jobs. 

Learning a policy or a mapping from states to actions 
that maximises the total reward an agent receives in an 
environment is the first step in policy search methods. 
These techniques are especially helpful in scenarios when 
the system dynamics are intricate and challenging to sim-
ulate. The techniques covered in the research most likely 
rely on algorithms that use trial and error to iteratively 
enhance the policy, changing course in response to input 
from the environment. A mobile robot equipped with 
LIDAR, RGB-D camera, and a robust path planning algo-
rithm was deployed in a simulated restaurant environment. 
The robot’s navigation capabilities were tested under var-
ious conditions, including static and dynamic obstacles 
such as tables, chairs, and simulated human movements. 
During navigation, the robot displayed real-time response 
to dynamic changes in its surroundings. It successfully redi-
rected around shifting impediments and changed its course 
in response to immediate sensor data, allowing for uninter-
rupted, efficient navigation.

Robot Operating System 
ROS can be used by researchers and developers to cre-

ate and evaluate a wide range of robotic applications, from 
basic robot prototypes to sophisticated autonomous sys-
tems [25]. The value of open-source software in the robot-
ics community, which enables cooperation, information 
sharing, and a faster pace of robotic technology develop-
ment. Since its debut, ROS has been widely adopted and 
has made a substantial contribution to the development of 
robotics research and applications. 

While it gives a broad summary of the study, the tech-
nical material contains details on the techniques and 
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algorithms created to deal with the navigational difficul-
ties. It is impossible to give a more thorough outline of the 
precise methods and findings reported in the study without 
having access to the complete language [10]. 

It presents the idea of topics, which are named buses 
that nodes use to communicate with one another, and 
nodes, which are programmes that carry out calculations. 
Device drivers, package management, communication 
infrastructure, hardware abstraction, and visualisation 
tools are examples of ROS components. ROS accommodate 
a large variety of robotic systems and applications because 
to these features. 

The ADAS implementation’s technical features are avail-
able on ROS. It goes into detail into the functions and inter-
actions of the system’s individual modules and parts. An 
open-source simulator for many robots is called Gazebo. 
They highlighted about how crucial simulation environ-
ments are to the study and advancement of robotics. The 
ideas used Gazebo’s design. It probably covers things like 
physics modelling, sensor simulation, graphical rendering, 
and the simulation engine. For robotics experiments, these 
design principles are essential to building a trustworthy and 
realistic simulation environment [13]. 

Robotics and computer vision researchers are paying 
close attention to the integration of LiDAR data for object 
detection. Scholars have investigated diverse techniques 
and algorithms for merging data obtained from these sen-
sors in order to enhance the precision and resilience of 
object detection [26]. The development of sensor fusion 
methods, which integrate RGB-D and LiDAR data to pro-
duce a more complete picture of the environment, has been 
the subject of numerous studies. These methods seek to 
overcome the shortcomings of each sensor by utilising its 
unique strengths. In sensor fusion, object detection usually 
entails locating and identifying items in the surrounding 
environment [27]. To do this, a range of algorithms, includ-
ing deep learning and conventional computer vision tech-
niques, have been proposed by researchers[28]. 

Localisation 
To provide a thorough comparison, the authors may 

have assessed various algorithms using simulations and 
actual experiments. To evaluate their performance, they 
probably looked at things like the quantity of particles, the 
effect of sensor noise, and the computing difficulty of the 
methods. 

Graph Simultaneous Localization and Mapping is 
referred to as GraphSLAM. This method is algorithmic and 
builds precise maps of an environment while estimating the 
robot’s attitude inside it. It does this by combining motion 
data and sensor measurements. In order to solve this issue, 
GraphSLAM models were used to the surrounding world 
as a graph, with edges standing in for sensor readings and 
mobility restrictions and nodes representing robot posi-
tions and landmarks. It builds a graph with edges denoting 
the constraints between the robot’s poses and the observed 

landmarks and nodes representing the robot’s poses and 
landmarks. The method determines the most likely com-
bination of poses and landmarks that account for the sen-
sor measurements and motion limitations by optimising 
this graph. A probabilistic graphical model that shows how 
variables in a complicated system are related to one another. 
Factor graphs make it easy to solve the SLAM problem by 
effectively integrating motion constraints and sensor mea-
surements into the optimisation procedure. 

SLAM algorithms make use of data from several sen-
sors [29]. In order for robots to operate in a safe and 
autonomous manner, they must be able to understand 
their location in respect to their environment [30]. The 
requirement that the robot be cognizant of its position 
within the environment is what distinguishes this type of 
problem. It examines the fundamental concepts of prob-
ability theory and statistics and illustrates their signifi-
cance for modelling uncertainty in robotic systems. One 
of the main problems in robotics is figuring out where the 
robot is and how it is oriented with respect to its envi-
ronment. The hybrid control system that the authors sug-
gest combines intentional and reactive control strategies. 
Reactive control enables the robot to respond quickly to 
immediate sensory inputs and avoid obstacles in its path, 
whereas deliberative control enables the robot to plan its 
actions based on an environment map [31,32]. SLAM 
techniques, which involve mapping the environment and 
simultaneously locating the robot on it. Uncertain robot 
motion, noise from sensors, and environmental changes 
are all challenges in mobile robot localization. As refer-
ence points for localization, geometric beacons were used. 
Geometric beacons are stationary items with recognis-
able geometric characteristics, such as edges, corners, or 
certain forms. ROS provides a flexible and distributed 
platform for developing robot software. Among other 
things, it offers services for inter process communica-
tion, hardware abstraction, package management, and 
device drivers. Within the robotics community, ROS 
has gained popularity due to its modular and extensi-
ble nature. With edges representing sensor readings and 
mobility constraints and nodes indicating robot positions 
and landmarks, GraphSLAM describes the environment 
as a graph. It constructs a graph where nodes represent 
the robot’s postures and landmarks and edges indicate the 
limitations between the robot’s poses and the observed 
landmarks. By optimising this graph, the approach finds 
the most likely set of poses and landmarks that account for 
the motion limits and sensor measurements. Test Results 
for SLAM is shown in figure 15 in regards to the numer-
ous trials conducted in workspace. Figure 16 highlights 
the test results of path traced by the models. Furthermore 
the movement of models with respect to designed track 
is shown in figure 17 and finally navigation results are 
shown in figure 18.



Sigma J Eng Nat Sci, Vol. 43, No. 4, pp. 1233−1247, August, 20251244

Figure 15. Test Results for SLAM with trials.

 

Figure 16. Test results for SLAM - path traced by the models.

Figure 17. Test results for SLAM.
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CONCLUSION

The integration of SLAM (Simultaneous Localization 
and Mapping) with ROS (Robot Operating System) in the 
context of a restaurant management system has demon-
strated a significant improvement in efficiency and 
automation. The robotic system can navigate complex envi-
ronments, such as restaurant floors, with high precision, 
reducing the need for human intervention in tasks like food 
delivery and table cleaning.

 The use of robotics in restaurant management can 
lead to an enhanced customer experience. Robots can 
deliver food orders quickly and accurately, reducing wait 
times and minimizing errors in order delivery. This can 
result in higher customer satisfaction and loyalty. Despite 
the initial investment required for implementing a robotic 
restaurant management system, the long-term cost-effec-
tiveness of such a system is notable. Robots can work con-
tinuously without breaks, reducing labour costs over time. 
Additionally, the system can optimize resource utilization, 
such as energy and space, leading to overall cost savings.

While the use of SLAM with ROS in robotic restau-
rant management is promising, there are still challenges 
to overcome. These include the need for robust algorithms 
for real-time navigation in dynamic environments and 
ensuring the safety of human-robot interactions. Future 
research can focus on addressing these challenges to fur-
ther enhance the capabilities of robotic restaurant manage-
ment systems. The successful implementation of a robotic 
restaurant management system using SLAM with ROS can 
have a significant impact on the restaurant industry. It can 
lead to increased adoption of robotics in various restaurant 

operations, ultimately transforming the way restaurants are 
managed and operated. 
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