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ABSTRACT:

Manhole cleaning and inspection are important but dangerous duties in the upkeep of municipal infrastructure. Manual techniques need a lot of labor , take a long

time, and put human workers in danger. This work covers the design and development of an autonomous manhole cleaning robot that aims to overcome these
issues. To enable autonomous operation in a variety of contexts, the suggested robot integrates a number of technologies, including robotics, computer vision, and
machine learning. The robot, which is outfitted with a range of cleaning instruments and sensors, can detect and assess the state of manholes, move through the
subterranean network, and carry out cleaning duties with efficiency. The robot's adaptive cleaning processes, real-time mapping of subterranean structures,
obstacle identification and avoidance, and remote monitoring capabilities are some of its key characteristics. Sophisticated algorithms guarantee safe operation,
effective resource utilization , and ideal path planning.
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1.INTRODUCTION:
1.1IMANHOLE CLEANING ROBOTS:

The revolutionary and self-sufficient manhole cleaning robot is intended to completely transform the upkeep of municipal infrastructure. This small but
mighty robot uses advanced robotics, computer vision, and machine learning technologies to discover and evaluate manhole conditions, navigate across
subterranean networks on its own, and clean effectively. With its cutting-edge features, such as adaptive cleaning mechanisms, real-time mapping, and
obstacle recognition, Robot promises to improve manhole maintenance operations' sustainability, safety, and efficiency while lowering reliance on
risky and labor-intensive hand labor.[10]

MANUAL SCAVENGING?

A

2.ROBOTICS AND Al:

Robotics and Artificial Intelligence (Al) play an essential role in manhole cleaning robotics systems. Automation, navigation, and decision-making and
adaptive control are all enhanced by the integration of robotics and artificial intelligence (Al) technologies. Manhole cleaning robotics systems can
achieve greater autonomy, productivity, and dependability, thereby enhancing the safety and efficiency of the manhole maintenance process.

2.1.ROBOTICS:

Robotics plays a crucial role in the design and operation of manhole cleaning robotic systems.[1] robotics plays a fundamental role in the development
and deployment of manhole cleaning robotic systems, enabling them to navigate, clean, and maintain underground infrastructure efficiently and
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effectively.

2.2.ARTIFICIAL INTELLIGENCE:

Manhole cleaning robots have the potential of carrying out chores more effectively and independently thanks in large part to artificial intelligence (Al).
These robots leverage Al in the following ways:

2.2.1.Autonomous Navigation:

Al, which stands for artificial intelligence, technologies, such as machine learning and neural networks, are employed to harness navigation systems
that can spot the robot in the manhole environment, map the area on its own, and determine the best routes for it.

2.2.2.0bject Recognition and Classification:

To identify and categorize things in the manhole environment, artificial intelligence techniques—such as computer vision algorithms—are utilized.
This feature enables the robot to recognize structural elements, obstructions, and debris, allowing it to traverse securely and carry out cleaning duties
efficiently.

2.2.3.Task Planning and Optimization:

Al algorithms are employed for task planning and optimization, taking into account the manhole's state as well as the particular needs of the cleaning
operation. These algorithms consider variables like the manhole's dimensions and form, the kind of garbage inside, and the robot's cleaning supplies.

2.2.4.Predictive maintenance and anomaly detection:

Al-based algorithms for anomaly detection examine sensor data to find anomalous circumstances or possible issues with the robot's software or
hardware. Predictive maintenance can be used to identify problems early on, save expensive breakdowns, and guarantee the dependability and uptime
of the robot.

2.2.5.Adaptive Learning and Improvement:

Manhole cleaning robots can adjust and get better over time through experience thanks to artificial intelligence techniques like reinforcement learning.
The robot may continuously improve its navigational plans, cleaning methods, and decision-making processes to become more effective and efficient
by learning from previous interactions and feedback.[9]

2.2.6.Human-Robot Interaction:

Al-powered solutions for human-robot interaction (HRI) and natural language processing (NLP) allow people to communicate with robots in a smooth
and natural way. By doing so, they may keep an eye on the robot's work, issue commands or instructions, and step in when needed to improve the
cleaning operation's overall effectiveness and safety.

2.2.7.Data analytics and insights:

Artificial intelligence (Al) algorithms evaluate the massive volumes of data discovered by sensors throughout the cleaning procedure to derive
important information about the state of the manhole, the efficacy of cleaning methods, and prospective areas for development.

Overall, artificial intelligence (Al) gives manhole cleaning robots more sophisticated abilities for autonomous navigation, task planning, obstacle
avoidance, predictive maintenance, adaptive learning, human-robot interaction, and data-driven decision-making. As a result, these robots are better
able to clean and inspect subterranean infrastructure with greater performance, efficiency, and dependability.

2.3.SENSORS USED:

Manhole cleaning robots usually use a variety of sensors to sense their surroundings, travel through the narrow opening of a manhole, identify
obstructions, and carry out cleaning duties efficiently.

The following is a summary of typical sensors found in robots that clean manholes:
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2.3.1.Light Detection and Ranging(LiDAR):

LiDAR sensors detect the separation between objects in the robot's environment using laser beams. They are vital for localization, obstacle
identification, and navigation since they offer precise three-dimensional mapping of the manhole environment.

2.3.2.Cameras:

Cameras take pictures to help with activities including item detection, inspection, and navigation. They give the robot pictures and videos of the inside
of the manhole, which it may use to recognize obstructions, trash, and structural elements.[8]

2.3.3.Sensors with ultrasonic:

High-frequency sound waves are emitted by ultrasonic sensors, which track how long it takes for the waves to return after colliding with things. They
are employed for obstacle identification and distance measuring in settings where other sensors can be less reliable.

2.3.4.Infrared sensors:

By detecting the infrared radiation that objects emit, infrared sensors can determine how close or far away an object is. In dimly lit or visually impaired
areas, they are employed for object detection and proximity sensing.

2.3.5.Sensors for Gases:

Gas sensors identify the gases that may be present in manholes as a result of sewage or other subterranean activity. These gases include carbon
monoxide, hydrogen sulphide, and methane. They guarantee the security of both the robot and its human operators and offer early warning of
potentially dangerous situations.[3]

2.3.6.Pressure Measurements:

Pressure sensors are used to detect changes in the environment, such as water levels or structural integrity, by measuring the pressure applied to their
surfaces. They are necessary to keep an eye on water intrusion and stop the manhole from flooding.

2.3.7.Sensors of Temperature:

Temperature sensors are used to monitor thermal conditions by taking a measurement of the outside temperature within the manhole. They offer useful
information for evaluating the surrounding circumstances and guaranteeing the appropriate operation of the robot's parts.

2.3.8.Sensors that are magnetic:

Magnetic sensors are utilized for localization and navigation because they are able to detect changes in magnetic fields. They can offer more details
regarding the orientation and location of the robot in relation to magnetic reference points or landmarks.

2.3.9.Proximity Sensors:

Proximity sensors are utilized for obstacle identification and collision avoidance because they can identify the existence of close objects without
making physical contact. They give the robot's control system feedback so it may modify its movements and steer clear of obstacles.

Together, these sensors offer the feedback required for manhole cleaning robots to move safely, identify obstructions, and efficiently carry out cleaning
and inspection duties in the demanding subterranean infrastructure environment.

3.MANHOLE CLEANING ROBOTS IN INDIA:
3.1.BANDICOOT:

An inventive piece of technology called the Bandicoot Manhole Cleaning Robot was created to automate the cleaning and inspection of manholes,
especially in urban settings.[2] The Bandicoot robot was created by Genrobotics, an Indian startup with headquarters in Kerala, to solve the risks and
difficulties involved in manually cleaning sewage systems and scavenging waste. Because of its unique design, the Bandicoot robot can enter manholes
and complete cleaning duties on its own. This eliminates the need for manual labor and lowers the possibility of accidents or fatalities that come with
manual scavenging.[2]
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3.1.1.Functionality:

Using its robotic arm and cleaning instruments, the Bandicoot robot can remove solid trash and dirt from manholes. It can also check the manhole's
condition and locate any obstructions or structural problems that might need to be fixed[2].

3.1.2.Safety measures:

The Bandicoot robot is outfitted with safety measures like emergency stop buttons, collision detection sensors, and fail-safes to guarantee the safety of
both the robot and human operators. These features help prevent accidents and limit dangers during operation.[2]

3.1.3.Autonomy:

With the aid of sophisticated navigation and control technologies, the robot can function independently inside the manhole environment. Without
human assistance, it can negotiate obstacles, schedule cleaning chores, and adjust to shifting circumstances. [2]

A group at IIT Madras under the direction of Prof. Prabhu Rajagopal has created the HomoSEP robot in collaboration with Solinas Integrity Private
Limited, an IIT Madras-incubated startup. Safai Karamchari Andolan (SKA) is an NGO that works to end manual scavenging in India and supports it as
well.

4.BENEFITS OF THE ROBOTS:
4.1.Safety:

Manhole cleaning can be hazardous due to noxious gases, restricted areas, and physical threats. Because robots take the place of human workers in
these dangerous areas, there is a lower chance of mishaps, injuries, or fatalities.

4.2 Efficiency:
Robots don't need breaks or get fatigued from working continuously. Compared to manual approaches, they can clean more thoroughly and regularly
and reach hard-to-reach regions within the manhole.
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4.3.Cost-effectiveness:

A manhole cleaning robot can save money in the long run by lowering labor costs, minimizing downtime for maintenance or repairs, and averting
accidents or infrastructure damage, even though the initial investment may be substantial.

4.4.Remote control:
A lot of manhole cleaning robots have remote controls that let users manage them from a secure distance. As a result, fewer workers are required.[5]
4.5.Gender Inclusivity:

Traditional manual cleaning of manholes in India is often associated with caste-based and gender-specific roles. By replacing manual labor with robots,
these tasks become more gender-inclusive, breaking down social barriers and promoting equality in the workforce.

5.CONCLUSION:

In summary, the use of manhole cleaning robots signifies a substantial development in the upkeep and administration of subterranean infrastructure.
These robots have many advantages, such as improved safety since they remove the need for humans to enter dangerous areas, higher efficiency from
constant use and thorough cleaning, and cost-effectiveness from lower labor costs and less downtime. Additionally, these robots' remote operating
features give operators the freedom to manage them from a secure distance, and the data gathering sensors provide insightful information for preventive
maintenance and infrastructure monitoring. Furthermore, the benefits to the environment, such less water and chemical use, support sustainability
initiatives. In general, manhole cleaning robots increase underground infrastructure sustainability, productivity, and safety while streamlining
maintenance procedures.
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