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Abstract- In response to the growing need for efficient and
effective disinfection solutions, this paper presents the design
and development of an automated UV sterilization robot.
Utilizing advanced ultraviolet (UV-C) technology, the robot is
designed to autonomously navigate indoor environments,
ensuring comprehensive surface and air sterilization. UV-C
light is known for its germicidal properties, effectively
inactivating a broad spectrum of pathogens, including
bacteria, viruses, and fungi. The proposed system integrates
intelligent navigation using sensors and machine learning
algorithms to map and maneuver complex layouts while
avoiding obstacles. It features a programmable disinfection
schedule, adjustable UV intensity, and safety mechanisms,
including motion detectors that deactivate UV lamps in the
presence of humans to prevent harmful exposure. This
automated UV technology aims to enhance sanitation
standards in high- risk areas such as hospitals, laboratories,
offices, and public spaces. By reducing human involvement
and error in the disinfection process, the robot ensures
consistent and thorough sterilization. The results from
prototype testing demonstrate significant reductions in
microbial load, highlighting the effectiveness and reliability of
this innovative disinfection approach. This paper concludes by
discussing future enhancements, including improved energy
efficiency, integration with 10T systems for remote monitoring,
and potential applications in other high-traffic environments.

Keywords- UV-C Sterilization, Automated Disinfection, UV
Technology, Germicidal Robot, Pathogen Inactivation,
Intelligent Navigation, Safety Mechanisms, Surface and Air
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I. INTRODUCTION

The increasing prevalence of infectious diseases and
the growing demand for enhanced hygiene standards have
highlighted the need for more efficient and reliable
disinfection methods. Traditional cleaning methods, which
rely on chemical disinfectants and manual labor, are often
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inconsistent and time-consuming, leading to potential gaps in
cleanliness. In sensitive environments such as hospitals,
laboratories, and public spaces Ultraviolet (UV) sterilization,
particularly using UV-C light, has proven to be an effective
solution for eliminating a wide range of pathogens, including
bacteria, viruses, and fungi. UV-C radiation works by
damaging the DNA and RNA of microorganisms, preventing
them from replicating and ensuring effective sterilization
without leaving any chemical residue. However, manually
operated UV-C devices present safety risks and are inefficient
for large or complex areas.

To overcome these limitations, this study introduces
an automated UV sterilization robot designed to navigate
indoor spaces autonomously. The robot uses advanced UV-C
technology to deliver consistent and thorough disinfection
while minimizing human involvement. It features intelligent
navigation systems that allow it to map and navigate complex
environments, avoid obstacles, and adapt its path to maximize
coverage. Safety sensors are incorporated to detect human
presence, automatically switching off the UV-C lights to
ensure user safety.

This automated solution improves disinfection
efficiency and reduces human exposure to harmful UV
radiation and chemical disinfectants. It is particularly suitable
for high-risk environments such as healthcare facilities,
laboratories, offices, schools, and public transportation
systems, where maintaining strict hygiene is essential.

The main objectives of this research are to design,
develop, and evaluate the performance of the UV sterilization
robot in reducing microbial contamination and maintaining
consistent disinfection levels. Additionally, the study explores
future enhancements, including more advanced navigation
algorithms, energy-efficient UV-C lighting, and integration
with 10T technology for remote monitoring and control.

By leveraging automated UV technology, this
research aims to provide an innovative and effective solution
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to modern sanitation challenges, contributing to safer and
cleaner public spaces.

Il. LITERATURE REVIEW

The demand for effective disinfection methods has
led to increased interest in ultraviolet (UV) sterilization,
particularly in healthcare, public spaces, and industrial
environments. Traditional cleaning practices, which depend on
chemical disinfectants and manual labor, are often inconsistent
and time-consuming. UV-C light has emerged as a powerful
alternative due to its germicidal properties, effectively
inactivating bacteria, viruses, and fungi by damaging their
DNA and RNA, and preventing replication.

UV-C Sterilization Technology

UV-C light, with wavelengths between 200-280 nm,
has been proven effective against a broad spectrum of
pathogens. It ensures thorough sterilization without leaving
chemical residues, making it ideal for sensitive environments
such as hospitals and laboratories. The effectiveness of UV-C
sterilization depends on exposure time, distance from surfaces,
and the presence of shadows or obstructions. This highlights
the need for intelligent navigation systems to optimize UV-C
coverage and enhance disinfection efficiency.

Automated Disinfection Systems

Automated UV-C disinfection systems provide
consistent and reliable sterilization, minimizing human error
and reducing exposure to harmful chemicals. These systems
are more efficient than manual cleaning but are limited by
fixed positioning, leading to potential shadowed areas. To
address this, mobile UV-C platforms have been developed to
navigate complex environments dynamically, ensuring
comprehensive disinfection coverage.

Robotic Applications in Sterilization

The integration of robotics with UV-C technology
has enabled autonomous disinfection systems that navigate
environments intelligently. These robots use advanced sensors
for obstacle detection and intelligent navigation. Simultaneous
Localization and Mapping (SLAM) algorithms allow for
autonomous movement and optimized disinfection paths,
ensuring thorough coverage. Safety mechanisms, such as
motion detectors, automatically deactivate UV-C lamps when
human presence is detected, preventing harmful exposure.

Intelligent Automation and loT Integration
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Recent advancements include integrating loT
technology with UV sterilization systems. 10T sensors enable
real-time monitoring of environmental conditions, such as
room occupancy and air quality, allowing adaptive
disinfection schedules. Cloud-based systems provide remote
access and data analytics for operational optimization. Web-
based applications facilitate user interaction, enabling remote
configuration, monitoring, and reporting.

Comparative Studies and Performance Evaluation

Comparative studies indicate that UV-C disinfection
systems outperform traditional chemical-based cleaning
methods in microbial reduction and coverage efficiency.
These systems demonstrate higher disinfection efficacy,
reduced microbial load, and lower operational costs, making
them a preferred choice for maintaining hygiene standards in
healthcare, educational, and commercial settings.

This review highlights the effectiveness of automated
UV-C technology and robotic systems in providing consistent
and efficient disinfection. However, challenges remain in
optimizing navigation algorithms, energy efficiency, and
safety mechanisms. Future research should focus on
enhancing intelligent automation and integrating loT
technology to develop more adaptable and reliable disinfection
solutions.

I11. METHODOLOGY

This study aims to design, develop, and evaluate an
autonomous UV sterilization robot that uses advanced UV-C
technology to provide efficient and consistent disinfection in
indoor environments. The methodology involves the following
phases: system design, hardware development, software
integration, safety mechanisms, and performance evaluation.

System Design

The UV sterilization robot is designed to
autonomously navigate complex indoor environments,
delivering consistent UV-C disinfection while ensuring human
safety. The system architecture includes the following
components:

UV-C Lamp Module: High-intensity UV-C lamps are used to
ensure effective pathogen inactivation. The lamps are
strategically positioned to maximize coverage and minimize
shadowed areas.

Navigation and Obstacle Avoidance: The robot uses
Simultaneous Localization and Mapping (SLAM) technology
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integrated with LiDAR sensors and ultrasonic sensors to
navigate and map the environment, avoiding obstacles and
optimizing disinfection paths.

Power Supply and Mobility: The robot is powered by a
rechargeable lithium-ion battery to support extended
operation. It is equipped with omnidirectional wheels for
smooth and flexible movement.

Control System and Connectivity: An embedded control
system is integrated with Wi-Fi and loT connectivity for
remote monitoring and control.

Hardware Development

The hardware components are carefully selected and
assembled to ensure reliable and efficient operation:

UV-C Lamps: Germicidal UV-C lamps with a wavelength of
254 nm are used for their proven effectiveness against a broad
spectrum of pathogens.

Sensors and Navigation Module: LiDAR sensors, ultrasonic
sensors, and infrared sensors are installed for accurate
mapping, navigation, and obstacle detection.

Motion Detectors: Passive infrared (PIR) sensors are
implemented to detect human presence, automatically
deactivating UV-C lamps to ensure safety.

Battery and Power Management: A high-capacity lithium-
ion battery with an efficient power management system is
used to support prolonged operation.

Software Integration

The robot's intelligent navigation and control system
is developed using the following software components:

SLAM Algorithm: The robot uses SLAM technology to build
real-time maps and navigate dynamic environments
autonomously.

Path Planning and Obstacle Avoidance: A* and Dijkstra's
algorithms are implemented for efficient path planning and
dynamic obstacle avoidance.

User Interface and Remote Control: A web-based
application is developed using Flask, enabling remote
monitoring, scheduling, and control of the robot's operation.

Safety Mechanisms
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To ensure human safety and operational reliability, the
following safety features are integrated:

Human Presence Detection: PIR sensors detect human
movement, automatically switching off the UV- C lamps to
prevent harmful exposure.

Emergency Stop and Safety Alerts: The robot is equipped
with an emergency stop button and an alert system that sends
notifications via the web application if safety protocols are
triggered.

Shielding and Encapsulation: UV-C lamps are enclosed in
protective housings to minimize direct exposure and ensure
safe operation.

Performance Evaluation

The performance of the UV sterilization robot is
evaluated through a series of tests conducted in controlled
environments, including hospital rooms, classrooms, and
office spaces. The evaluation criteria include:

Disinfection Efficiency: Microbial load reduction is measured
before and after disinfection using swab tests and microbial
culture analysis.

Coverage and Navigation Accuracy: The robot's navigation
accuracy and disinfection coverage are assessed using floor
mapping and path tracking data.

Operational Efficiency: Battery life, energy consumption,
and operational time are monitored to evaluate efficiency.
Safety and Reliability: Safety mechanisms are tested to
ensure proper detection and deactivation of UV-C lamps in
human presence.

Data Analysis and Optimization

The data collected during performance evaluation is
analyzed to optimize the robot's operation. Machine learning
models are used to enhance navigation algorithms and adapt
disinfection patterns based on environmental conditions and
historical data.

This methodology ensures the development of a
reliable and efficient UV sterilization robot capable of
delivering consistent and safe disinfection in various indoor
environments.
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IV. OUTLINE OF PROJECT

Define the Problem

System Design and Development
Integrate Navigation and Safety Features
Evaluate Algorithm and Performance
Test and Analyze Results
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V. ARCHITECTURE

The architecture of the UV sterilization robot is
designed to enable autonomous disinfection in a variety of
indoor environments. At its core, the robot is equipped with
high-intensity UV-C lamps, strategically positioned to ensure
effective sterilization coverage across surfaces. These lamps
are controlled to adjust their intensity and operational time for
optimal pathogen inactivation. For navigation, the robot
utilizes Simultaneous Localization and Mapping (SLAM)
technology, combined with LIiDAR, ultrasonic, and infrared
sensors, to map its surroundings, detect obstacles, and
autonomously navigate through dynamic environments. The
control and processing unit, powered by an embedded
microcontroller, manages all operations, including path
planning, obstacle avoidance, and decision-making. The robot
is powered by a rechargeable battery and is equipped with
omnidirectional wheels for smooth movement in all directions.
Safety is apriority, with motion detectors (PIR sensors)
ensuring that UV-C lamps are deactivated when human
presence is detected, preventing harmful exposure. An
emergency stop mechanism is also integrated to provide a
quick shutdown in case of a system failure or safety risk.
Additionally, a web-based application allows for remote
monitoring, control, and scheduling, while loT integration
enables real- time data collection and system updates. This
architecture enables the UV sterilization robot to perform its
disinfection tasks effectively, efficiently, and safely.
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VI. PROBLEM STATEMENT

The growing demand for effective and reliable
disinfection solutions in healthcare facilities, public spaces,
and industrial environments has exposed the significant
limitations of traditional cleaning methods. These methods
often rely on manual labor, are time-consuming, and can be
inconsistent in their effectiveness. Furthermore, human
intervention in the cleaning process introduces risks of
exposure to harmful chemicals and pathogens, which
compromises safety and efficiency. While ultraviolet (UV)
sterilization is an effective alternative, especially in killing
microorganisms without leaving harmful chemical residues,
existing UV-C disinfection systems are generally stationary
and require manual operation. This makes them less efficient
in large, dynamic environments and often leads to uneven
coverage, leaving certain areas inadequately sterilized.
Additionally, these systems lack the ability to adapt to
changing environmental conditions or ensure the safety of
individuals who may be present during the disinfection
process. Therefore, there is a pressing need for the
development of an autonomous UV sterilization robot. This
robot would integrate intelligent navigation, real-time
environmental sensing, and adaptive disinfection capabilities,
ensuring comprehensive coverage, efficient operation, and
safe disinfection practices in complex and diverse settings.
Such a solution could revolutionize the way disinfection is
carried out, particularly in high-traffic and high-risk
environments, while enhancing safety, reliability, and overall
hygiene standards.
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VII. PROPOSED SYSTEM

The proposed system seeks to address the limitations
of traditional disinfection methods by developing an
autonomous UV sterilization robot that combines UV-C
technology, intelligent navigation, and advanced safety
features. This robot is designed to autonomously navigate
complex indoor environments, such as healthcare facilities,
offices, and public spaces, providing efficient and consistent
disinfection without the need for human intervention. The
robot will be equipped with high-intensity UV-C lamps,
strategically positioned to ensure maximum sterilization
coverage,  effectively  neutralizing  pathogens  and
microorganisms on surfaces. Using Simultaneous Localization
and Mapping (SLAM) technology, the robot will map its
environment in real-time, allowing it to navigate obstacles and
dynamically adapt to changing spaces. It will utilize sensors
such as LiDAR, ultrasonic, and infrared to detect and avoid
obstacles, ensuring smooth and safe movement across various
types of floors and environments. To protect human health, the
robot will incorporate motion detection sensors (PIR), which
will automatically deactivate the UV-C lamps when people are
nearby, preventing harmful UV exposure. The system will be
powered by a rechargeable lithium-ion battery, ensuring long
operational cycles, while omnidirectional wheels will enable
the robot to move efficiently and navigate tight spaces. A web-
based application will allow users to remotely control,
monitor, and schedule the robot’s disinfection tasks, providing
real-time updates on its performance, battery life, and
disinfection progress. Additionally, l0T integration will allow
for the collection and analysis of data related to environmental
conditions,  operational  efficiency, and sterilization
effectiveness, which can be accessed via the cloud for
performance optimization. This autonomous UV sterilization
robot offers a cutting-edge solution to modern disinfection
challenges, ensuring comprehensive and reliable sterilization
while minimizing human intervention, improving safety, and
maintaining hygiene standards across a variety of
environments.

VI EXISTING SYSTEM

Existing UV sterilization systems, while effective in
some applications, have significant limitations when it comes
to their coverage, efficiency, and overall safety. Stationary
UV-C devices, commonly used for disinfection, are often
fixed in one location and require manual repositioning to
cover larger or more complex areas, which can lead to missed
spots and incomplete sterilization. This lack of mobility and
adaptability makes them less efficient, particularly in larger
spaces or environments that require constant movement.
Additionally, these systems can be time-consuming and labor-
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intensive, often requiring users to monitor and adjust their
operation, which introduces the potential for human error.

Traditional manual disinfection methods, typically
involving chemical agents, also come with their own set of
challenges. They are highly dependent on human labor, and
the cleaning process is often inconsistent, leaving areas
inadequately disinfected. Moreover, chemical disinfectants
pose safety risks, both for workers and the environment,
especially if not handled properly. Although some existing
systems offer mobile features, they are often not fully
autonomous. These semi-automated systems still require
human assistance to navigate or adjust settings, reducing the
system’s overall operational efficiency and preventing full
utilization of automation potential.

IX. MODULE DESCRIPTION

The module architecture of the proposed autonomous
UV sterilization robot is composed of several interconnected
subsystems that work together to achieve effective and safe
disinfection. Below is an overview of the key modules and
their functions:

UV-C Sterilization Module:

This module consists of high-intensity UV-C lamps
positioned strategically on the robot. The UV-C lamps are
used for sterilizing surfaces by emitting ultraviolet light that
kills or inactivates pathogens. The module includes a power
controller that adjusts the intensity and duration of the UV-C
exposure based on the robot's movement and environment.

Navigation and Mapping Module:

The navigation system utilizes Simultaneous
Localization and Mapping (SLAM) technology to create a
map of the robot's environment. It includes sensors like
LiDAR, ultrasonic, and infrared that provide real-time
environmental data, allowing the robot to navigate
autonomously while avoiding obstacles. The system also helps
in path planning, ensuring optimal coverage of the space.

Sensor Module:

This module encompasses various sensors that
contribute to the robot's ability to detect obstacles and ensure
safety. Key sensors include LiDAR for mapping, ultrasonic
sensors for short-range obstacle detection, and PIR motion
sensors for detecting human presence to prevent accidental
UV-C exposure. These sensors also enable the robot to detect
changes in the environment and adapt its disinfection path.
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Control and Processing Unit:

The central control unit processes all inputs from the
sensors and coordinates the robot's movements. It uses
algorithms  for real-time decision-making and path
optimization. This module also manages communication
between the other modules, ensuring synchronized operations.
It houses the software that governs the robot’s behavior, such
as movement control, obstacle avoidance, and task scheduling.

Battery and Power Management Module:

The robot is powered by a rechargeable lithium-ion
battery, providing the necessary energy for the UV-C lamps
and all other modules. This module manages power
distribution to ensure efficient use of battery life during
operation. It also monitors battery status and provides
feedback on charge levels to the control system.

Safety Module:

Safety is a critical concern for this system. The
Safety Module includes motion detection sensors (PIR) to
detect human presence. When motion is detected within a
certain range, the UV-C lamps are automatically turned off to
prevent harmful exposure. It also incorporates an emergency
stop function to immediately halt the robot’s operation in case
of system malfunction or safety issue.

Mobility Module:

The mobility system includes omni-directional
wheels, which allow the robot to move smoothly and
efficiently in any direction. This system ensures that the robot
can navigate tight spaces, corners, and around obstacles, while
also providing stability during movement.

Remote Control and Monitoring Module:

This module enables remote interaction with the
robot through a web-based application. Users can schedule
tasks, monitor the robot’s progress, and track its performance
in real-time. It also sends notifications about battery status,
maintenance requirements, or any issues detected during
operation.

10T and Cloud Integration Module:
This module allows the robot to connect to a cloud-

based system for data storage and analysis. It gathers
performance data, environmental conditions, and operational
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status, which can be accessed via the web app for continuous
monitoring and optimization of the system.

X. TECHNOLOGY STACK

The technology stack for the proposed autonomous
UV sterilization robot consists of a combination of hardware
and software technologies that work together to enable
efficient, safe, and autonomous operation. Below is an
overview of the core components of the technology stack:

Hardware Technologies:
UV-CLamps:

High-intensity UV-C lamps are the primary
component for sterilization, emitting ultraviolet light in the
range of 200-280 nm, which is effective in Kkilling or
inactivating microorganisms.

Sensors:

e LiDAR (Light Detection and Ranging): Used for
environmental mapping and creating a real-time 2D
or 3D map of the robot’s surroundings. It helps in
obstacle detection and navigation.

e Ultrasonic Sensors: Utilized for short-range
proximity detection and collision avoidance, allowing
the robot to navigate around objects in its path.

e PIR Motion Sensors: Detect human presence in the
robot’s vicinity to deactivate UV-C lamps when
necessary, ensuring safety and preventing harmful
exposure to UV light.

Microcontroller:

A microcontroller (e.g., Raspberry Pi or Arduino)
will serve as the central processing unit, handling inputs from
sensors, controlling motors, and executing algorithms for
autonomous navigation and decision-making.

Omni-Directional Wheels:

These wheels allow for smooth movement in any
direction, ensuring the robot can navigate through tight spaces
and maneuver around obstacles efficiently.

Battery:

A lithium-ion rechargeable battery will power the
robot, providing the necessary energy for movement and UV-
C sterilization. Battery management systems will ensure
efficient power usage and monitor battery levels.
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Software Technologies:

Simultaneous Localization and Mapping (SLAM): SLAM
algorithms are essential for the robot's autonomous navigation.
They allow the robot to create and update maps of its
environment in real-time while simultaneously tracking its
position within the map.

Path Planning Algorithms: These algorithms enable the
robot to determine the most efficient and effective path for
disinfection. Algorithms such as A*, Dijkstra, or potential
field methods can be used for obstacle avoidance and
optimizing coverage.

Motion Control Algorithms: These algorithms manage the
movement of the robot, ensuring smooth and precise
navigation, obstacle detection, and maneuvering through the
environment.

Safety and Detection Algorithms: Algorithms that process
input from the PIR motion sensors

to detect human presence and trigger the deactivation of UV-C
lamps when necessary. This ensures that the robot operates
safely in environments with people.

Embedded Software:

The robot will run on embedded software designed to
interface with sensors, process data, and control hardware
components like motors and UV-C lamps. C++, Python, or
JavaScript (Node.js) can be used for this software.

Cloud and 10T Technologies:
loT Connectivity:

The robot will utilize Wi-Fi or Bluetooth for
communication with remote devices. This connectivity allows
for cloud integration and real-time data exchange.

Cloud Storage & Analytics: Data generated by the robot
(e.g., disinfection status, performance data, environmental
conditions) will be uploaded to the cloud. Cloud platforms like
AWS or Google Cloud can be used for storing and analyzing
this data, allowing for performance insights and optimization.

Web-based Application:

A web-based dashboard will enable users to
remotely monitor, control, and schedule the robot’s tasks.
Technologies such as Flask (for Python), Node.js, or React.js
(for front-end) can be used to build the application. Real-time
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updates and alerts will be delivered via WebSocket or
RESTful APls.

\

Safety and Emergency Technologies:

Emergency Stop Mechanism: The robot will include a built-
in emergency stop feature that allows operators to quickly halt
the robot’s operation in case of malfunction or other safety
concerns. This may be integrated into the robot’s control
system via hardware switches or software triggers.

Safety Sensors & Algorithms: The PIR sensors will
continuously monitor human presence. If movement is
detected, the UV-C lamps will be disabled automatically using
safety algorithms programmed to ensure that UV light is not
exposed to people.

Communication Protocols:

MQTT (Message Queuing Telemetry Transport): For
lightweight, real-time communication between the robot and
the cloud platform, MQTT can be used to send data such as
the robot's status, battery level, and location.

RESTful APIs:

These will be used for communication between the
robot and the web-based application, allowing users to control
the robot, schedule tasks, and receive performance updates.

Machine Learning (Optional):

Object Detection (Optional): If required, the robot could use
machine learning models for object detection and mapping.
Pre-trained models such as YOLO (You Only Look Once)
can be used to enhance the robot’s ability to detect and
navigate around dynamic obstacles.

This technology stack combines the best in hardware
and software engineering to create an efficient, autonomous,
and safe UV sterilization robot that ensures reliable
disinfection across various environments while minimizing
human intervention. The combination of real-time mapping,
navigation, and loT connectivity enables seamless operation
and remote control, making it an ideal solution for modern
disinfection challenges.

XI. RESULTS AND ANALYSIS

The Results and Analysis section will assess the
performance of the autonomous UV sterilization robot across
several key parameters. First, sterilization efficiency will be
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measured by evaluating the effectiveness of the UV-C lamps
in pathogen inactivation, with results gauged through
microbial analysis to track the reduction in bacteria and
viruses.

The robot’s navigation system, powered by SLAM,
will be tested for mapping accuracy and obstacle avoidance,
while the efficiency of its path planning algorithms will be
analyzed by measuring the time required to complete
disinfection cycles. Safety features will also be scrutinized,
particularly the PIR motion sensors, to ensure that the UV-C
lamps deactivate when humans are detected, preventing
harmful exposure.

The battery's operational time and efficiency will be
examined, including charging duration and energy
consumption. User experience will be evaluated based on the
functionality of the web-based application for remote control,
monitoring, and scheduling of tasks. Finally, operational
efficiency will be tested by measuring the time taken for the
robot to disinfect a specified area and its ability to cover that
area effectively.

The analysis will provide valuable insights into the
robot’s overall performance, highlighting its strengths in
safety, automation, and efficiency, while comparing its
performance to existing disinfection solutions.

X11. CONCLUSION

The autonomous UV sterilization robot offers a
promising solution for efficient, safe, and automated
disinfection in various environments. By leveraging advanced
technologies such as UV-C lamps, SLAM-based navigation,
and motion detection sensors, the system ensures effective
pathogen neutralization while minimizing human intervention.
The robot's ability to autonomously navigate, avoid obstacles,
and optimize sterilization coverage makes it a highly efficient
tool for large-scale disinfection tasks. Additionally, its safety
features, including automatic UV-C deactivation in the
presence of humans, provide an extra layer of security,
ensuring safe operation in public or occupied spaces. With its
web-based interface for remote monitoring and control, the
system offers flexibility and convenience for users. Overall,
the proposed UV sterilization robot demonstrates significant
potential for improving sanitation practices across industries
such as healthcare, hospitality, and public spaces. Future work
could focus on refining its capabilities and expanding its
functionality to accommodate more diverse environments and
use cases.

Page | 652

ISSN [ONLINE]: 2395-1052

REFERENCES

[1] C. Liu and L. Li, "How do subways affect urban
passenger transport modes? Evidence from China," Econ.
Transp., vol. 23, 2020, Art. no. 100181.

[2] M. Autili, L. Chen, C. Englund, C. Pompilio, and M.
Tivoli, "Cooperative intelligent transport systems:
Choreography-based urban traffic coordination,” IEEE
Trans. Intell. Transp. Syst., vol. 22, no. 4, pp. 2088-2099,
Apr. 2021.

[3] S.Selvam, A. Manisha, J. Vidhya, and S. Venkatramanan,
"Fundamentals of GIS,” in GIS and Geostatistical
Techniques for Groundwater Science, ch. 1. New York,
NY, USA: Elsevier, Cham, 2019, pp. 3-15.

[4] 1. Gokasar. Y. Cetinel, and M. G. Baydogan, "Estimation
of influence distance of bus stops using bus GPS data and
bus stop properties,” IEEE Trans. Intell. Transp. Syst.,
vol. 20, no. 12, pp. 4635-4642, Dec. 2019.

[5] P. Wepulanon, A. Sumalee, and W. H. K. Lam,
"Temporal signatures of passive Wi-Fi data for estimating
bus passenger waiting time at a single bus stop," IEEE
Trans. Intell. Transp. Syst., vol. 21, no. 8, pp. 3366-3376,
Aug. 2020.

[6] J. Liang, J. Wu, Z. Gao, H. Sun, X. Yang, and H. K. Lo,
"Bus transit network design with uncertainties on the
basis of a metro network: A two-step model framework,"
Transp. Res. B: Methodol., vol. 126, pp. 115-138, 2019.

[7] R. Goel, B. Singh, and J. Zhao, "Underground metro and
road tunnels,” in Underground Infrastructures, R. Goel, B.
Singh, and J. Zhao, Eds., ch. 8. Boston, MA, USA:
Butterworth-Heinemann, 2012, pp. 125-172.

[8] The latest wversion of Changsha Metro map, 2021.
[Online]. Available:
http://cs.bendibao.com/traffic/201518/43160.shtm

[9] F. Pinelli, F. Calabrese, and E. Bouillet, "A methodology
for denoising and generating bus infrastructure data,”
IEEE Trans. Intell. Transp. Syst., vol. 16, no. 2, pp. 1042-
1047, Apr. 2015.

[10]F. Pinelli, F. Calabrese, and E. P. Bouillet, "Robust bus-
stop identification and denoising methodology," in Proc.
IEEE 16th Int. Conf. Intell. Transp. Syst., 2013, pp. 2298-
2303.

[11]Y. Li et al., "A survey on truth discovery," SIGKDD
Explorations: Newslett., vol. 17, no. 2, pp. 1-16,
Feb.2016.

[12]R. W. Ouyang, M. Srivastava, A. Toniolo, and T. J.
Norman, "Truth discovery in crowdsourced detection of
spatial events,” IEEE Trans. Knowl. Data Eng., vol. 28,
no. 4, pp. 1047-1060, Apr. 2016.

[13]1 X. Dong et al., "Knowledge vault: A web-scale approach
to probabilistic knowledge fusion,”" in Proc. 20th ACM

www.ijsart.com


http://cs.bendibao.com/traffic/201518/43160.shtm

IJSART - Volume 11 Issue 5 — MAY 2025 ISSN [ONLINE]: 2395-1052

SIGKDD Int. Conf. Knowl Discov. Data Mining, 2014,
pp. 601-610.

[14]1X. L. Dong et al., "From data fusion to knowledge
fusion," Proc. VLDB Endowment, vol. 7, no. 10, pp. 881-
892, Jun. 2014.

[15]L. Jiang, X. Niu, J. Xu, D. Yang, and L. Xu,
"Incentivizing the workers for truth discovery in
crowdsourcing with copiers,” in Proc. IEEE 39th Int.
Conf. Distrib. Comput. Syst., 2019, pp. 1286-1295.

[16]P. Sun et al., "Towards personalized privacy preserving
incentive for truth discovery in crowdsourced binary-
choice question answering," in Proc. IEEE Conf. Comput.
Commun., 2020, pp. 1133-1142.

[17]C. Meng et al., "Truth discovery on crowd sensing of
correlated entities,” in Proc. 13th ACM Conf. Embed.
Netw. Sens. Syst., 2015, pp. 169-182.

[18]G. Shen, Z. Chen, P. Zhang, T. Moscibroda, and Y.
Zhang, "Walkie-markie: Indoor pathway mapping made
easy," in Proc. 10th USENIX Conf. Netw. Syst. Des.
Implement., 2013, pp. 85-98.

[19]1M. Alzantot and M. Youssef, "Crowdinside: Automatic
construction of indoor floorplans,” in Proc. 20th Int. Conf.
Adv. Geographic Inf. Syst.. 2012, pp. 99-110,

[20] B. Zhao and J. Han, "A probabilistic model for estimating
real-valued truth from conflicting sources,” in Proc.
VLDB Workshop Qual Databases, 2012, Art. no. 1817.

[21]M. Wan, X. Chen, L. Kaplan, J. Han, J. Gao, and B. Zhao,
"From truth discovery to trustworthy opinion discovery:
An uncertainty-aware quantitative modeling approach,” in
Proc. 22nd ACM SIGKDD Int. Conf. Knowl. Discov.
Data Mining, 2016, pp. 1885-1894.

[22]S. zhi, F. Yang, Z. Zhu, Q. Li, Z. Wang, and J. Han,
"Dynamic truth discovery on numerical data," in proc.
IEEE Int. Conf. Data Mining, 2018, pp. 817-826.

[23]Y. Li et al., "On the discovery of evolving truth," in Proc.
21th ACM SIGKDD Int. Conf. Knowl. Discov. Data
Mining, 2015, pp. 675-684.

[24]Q. Li, Y. Li, J. Gao, B. Zhao, W. Fan, and J. Han,
"Resolving conflicts in heterogeneous data by truth
discovery and source reliability estimation,” in Proc.
ACM SIGMOD Int. Conf. Manage. Data, 2014, pp. 1187-
1198.

[25]Q. Li et al., "A confidence-aware approach for truth
discovery on long-tail data,” in Proc. VLDB Endowment,
2015, pp. 425-436.

Page | 653 www.ijsart.com



