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Abstract 

Material handling is an important activity in industrial workshops and 

manufacturing environments. Traditional material transport methods generally 

depend on manual labor, forklifts or fixed conveyor systems which may reduce 

efficiency and flexibility. In recent years, Autonomous Mobile Robots (AMRs) 

have become a modern solution for automated material transportation inside 

workshops and factories. These robots can move independently without fixed 

paths and they use sensors, cameras and intelligent control algorithms to 

navigate in dynamic environments. AMRs are able to detect obstacles, plan 

routes and deliver materials between different workstations. 

 

This paper presents a review of Autonomous Mobile Robots used for material 

handling in workshops. The study discusses the concept of AMRs, working 

principles, key technologies, components and benefits of these robots in 

manufacturing systems. Various applications of AMRs such as component 

transportation, tool delivery and warehouse logistics are also described. 

Additionally, the paper explains advantages, limitations and future trends in the 

development of autonomous mobile robotic systems. The results indicate that 

AMRs significantly improve productivity, reduce human workload and provide 

flexible automation in modern workshops. 
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INTRODUCTION 

Material handling is one of the essential operations in manufacturing workshops. It involves 

movement, storage and control of materials during production processes. Efficient handling of 

materials helps in reducing production time and improving productivity. Traditionally, material 

handling in workshops was carried out by workers, forklifts or conveyor systems. However 

these methods sometimes create issues such as higher labor cost, safety risks and low 

flexibility. 

 

With the advancement of industrial automation, robotic systems have started to play an 

important role in manufacturing facilities. One of the most recent innovations is the use of 

Autonomous Mobile Robots (AMRs) for internal transportation of materials. These robots can 

navigate through the workshop environment independently and perform transportation tasks 

without continuous human supervision. 

 

Autonomous Mobile Robots are different from Automated Guided Vehicles (AGVs). While 

AGVs follow fixed paths like magnetic strips or wires on the floor, AMRs can move freely 

using sensors and intelligent software. They create maps of the workspace and plan optimal 

routes to reach their destination. This capability makes them more flexible and suitable for 

modern manufacturing workshops. 

 

In workshops where many machines and workers operate simultaneously, efficient material 

transportation is very important. Delays in material movement may interrupt production flow 

and reduce efficiency. AMRs can help solve this problem by providing continuous and 

automated material delivery. 

 

Recently many industries such as automotive, electronics, and metal machining workshops 

have started adopting AMRs. These robots can transport raw materials, semi-finished 

components and finished products between machines, storage areas and assembly stations. 

 

This paper reviews the role of autonomous mobile robots in workshop material handling 

systems. The study explains the working principles, technologies and applications of AMRs 

along with their advantages and challenges. 
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CONCEPT OF AUTONOMOUS MOBILE ROBOTS 

Autonomous Mobile Robots (AMRs) are intelligent robotic systems that can move and perform 

tasks in an environment without continuous human control. These robots are designed to 

operate independently by using sensors, software algorithms and control systems. The main 

idea behind AMRs is that the robot should be able to understand its surroundings, make 

decisions and move safely to complete assigned tasks. In modern manufacturing workshops, 

AMRs are increasingly used for material transportation because they provide flexible and 

efficient automation. 

 

Unlike traditional industrial robots which are usually fixed at one location, mobile robots have 

the capability to travel from one place to another. Conventional robotic arms are normally 

installed near machines for operations like welding, assembly or machining, but they cannot 

move around the workspace. In contrast, Autonomous Mobile Robots are equipped with wheels 

or tracks that allow them to move freely inside the workshop. This mobility makes them 

suitable for performing transportation and logistics related activities. 

 

AMRs are widely used in many industries including manufacturing plants, warehouses, 

hospitals and distribution centers. In warehouses they transport packages and goods between 

storage areas and loading zones. In hospitals they are used for delivering medicines, food and 

medical supplies. Similarly, in industrial workshops AMRs help in transferring materials, tools 

and components between different workstations. 

 

The concept of AMRs is closely related to the idea of smart manufacturing and Industry 4.0. 

In modern factories machines, robots and computers are connected through digital networks. 

Autonomous robots can communicate with these systems to receive instructions and send status 

updates. This allows better coordination between machines and production planning systems. 

 

In workshop environments, AMRs mainly perform tasks related to material handling. Material 

handling is an important part of the production process because components often need to move 

through multiple machines before the final product is completed. For example, a metal part 

may first go through a milling machine, then a drilling machine, and later a grinding machine. 

Autonomous Mobile Robots can transport these parts automatically between machines. This 

reduces waiting time and ensures smooth workflow in the workshop. 
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The robots are programmed with specific tasks such as picking up a container of parts from 

one location and delivering it to another location. The robot may also return empty containers 

or transport finished products to storage areas. Some advanced AMRs are capable of carrying 

different types of loads using attachments like lifting platforms, conveyors or robotic arms. 

 

The basic operation of an Autonomous Mobile Robot involves three main processes which 

work together to achieve autonomous movement. 

 

1. Environment Perception 

Environment perception refers to the ability of the robot to observe and understand its 

surroundings. This is done using various sensors installed on the robot. These sensors collect 

information about nearby objects, obstacles and distances. 

 

Common sensors used in AMRs include LiDAR sensors, cameras, ultrasonic sensors and 

infrared sensors. LiDAR sensors emit laser beams and measure the distance to surrounding 

objects. Cameras capture visual information about the environment. Ultrasonic sensors detect 

obstacles by sending sound waves and measuring their reflections. 

 

Using the data from these sensors, the robot creates a digital representation or map of the 

environment. This map helps the robot identify pathways, obstacles and workstations inside 

the workshop. 

 

2. Path Planning 

After understanding the environment, the robot must determine the best path to reach its 

destination. This process is known as path planning. The robot analyzes the map of the 

environment and calculates the safest and shortest route between two locations. 

 

Advanced AMRs use algorithms such as Simultaneous Localization and Mapping (SLAM) to 

determine their position and plan movement routes. These algorithms allow the robot to 

continuously update its map if changes occur in the environment. For example, if a worker or 

machine blocks a path, the robot can automatically choose an alternative route. 

 

Path planning also considers factors such as travel time, obstacle avoidance and traffic from  
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other robots or workers. 

 

3. Motion Control 

Motion control is the final step in the operation of an Autonomous Mobile Robot. After 

selecting a path, the robot moves along that path using its drive system. The drive system 

usually consists of electric motors, wheels and motor controllers. 

 

The control system sends commands to the motors to regulate speed and direction. At the same 

time, sensors continue monitoring the surroundings to ensure safe movement. If an obstacle 

suddenly appears, the robot can slow down, stop or change direction. 

 

Motion control systems ensure smooth and accurate movement of the robot while carrying 

loads within the workshop. 

 

Another important feature of AMRs is their ability to communicate with other digital systems 

in the manufacturing environment. Modern workshops often use production management 

software or Manufacturing Execution Systems (MES) to monitor production activities. 

Autonomous robots can be connected to these systems through wireless networks. 

 

Through this communication, the robots can receive transportation tasks automatically based 

on production schedules. For example, when a machining operation is completed, the system 

can send a signal to an AMR to collect the finished part and deliver it to the next workstation. 

This integration improves coordination between machines, robots and workers. 

 

Therefore, the concept of Autonomous Mobile Robots combines mechanical mobility, sensing 

technology, intelligent algorithms and communication systems. These capabilities enable 

robots to operate independently and perform material handling tasks efficiently in modern 

workshops. 

 

COMPONENTS OF AUTONOMOUS MOBILE ROBOTS 

Autonomous Mobile Robots are made up of several mechanical, electrical and software 

components that work together to enable autonomous movement and material transportation. 

Each component performs a specific function, but the overall performance of the robot depends 
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on the coordination between these components. In workshop environments where robots must 

move between machines and storage areas, the design and reliability of these components 

becomes very important. 

 

The main components of an Autonomous Mobile Robot include the robot platform, sensors, 

control system, drive system and power supply. These elements form the basic structure of 

most industrial AMRs used in material handling applications. 

 

1. Robot Platform 

The robot platform forms the physical structure of the Autonomous Mobile Robot. It acts as 

the base frame that supports all other components such as sensors, control units, motors and 

batteries. The platform generally consists of a rigid chassis made from materials like aluminum 

alloys or steel which provide strength while maintaining relatively low weight. 

 

The design of the robot platform depends largely on the type of tasks the robot is expected to 

perform. In workshop material handling applications, the platform must be strong enough to 

carry loads such as metal parts, tool trays or containers of components. Some robots are 

designed with flat surfaces where materials can be placed directly, while others include lifting 

mechanisms or conveyor modules to handle loads automatically. 

 

The mobility of the robot is also determined by the platform design. Most AMRs use wheel-

based platforms because wheels provide efficient and smooth movement on workshop floors. 

 

 Common wheel configurations include: 

 Differential drive systems, where two powered wheels control forward movement and 

turning. 

 Four wheel drive systems, which provide better stability and load carrying capacity. 

 Omnidirectional wheel systems, which use special wheels that allow movement in 

multiple directions without rotating the robot. 

 

Omnidirectional wheels, sometimes called mecanum wheels, are particularly useful in tight 

workshop spaces because they allow the robot to move sideways as well as forward and 

backward. This improves maneuverability when navigating between machines and equipment. 
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In addition to supporting movement, the platform also provides mounting positions for sensors, 

controllers and safety devices. The overall design must maintain good balance and stability so 

that the robot can move safely while carrying loads. 

 

2. Sensors 

Sensors are one of the most critical components of Autonomous Mobile Robots because they 

allow the robot to perceive its environment. Without sensors, the robot would not be able to 

detect obstacles, identify pathways or determine its position in the workspace. 

 

AMRs use a combination of different sensors to gather information about their surroundings. 

Each sensor type performs a specific function, and the collected data is combined to create an 

accurate understanding of the environment. 

 

Some of the commonly used sensors in AMRs include: 

LiDAR Sensors 

LiDAR sensors use laser beams to measure the distance between the robot and surrounding 

objects. The sensor continuously scans the environment and creates a detailed map of nearby 

obstacles. LiDAR is widely used in autonomous navigation because it provides high accuracy 

and reliable distance measurement. 

 

Cameras 

Cameras capture visual information about the environment. Using computer vision algorithms, 

the robot can identify objects, detect pathways and recognize markers placed in the workspace. 

Vision systems are particularly useful for object recognition and inspection tasks. 

 

Ultrasonic Sensors 

Ultrasonic sensors emit sound waves and measure the time taken for the waves to return after 

hitting an object. This helps determine the distance between the robot and obstacles. These 

sensors are commonly used for short range obstacle detection. 

 

Infrared Sensors 

Infrared sensors detect objects by measuring reflected infrared light. They are often used for 

detecting nearby obstacles and edges. 
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Proximity Sensors 

Proximity sensors detect the presence of objects without physical contact. These sensors help 

the robot maintain safe distances from workers, machines and other robots. 

 

The information collected from all these sensors is transmitted to the robot's control system for 

processing. By combining data from multiple sensors, the robot can create an accurate model 

of its surroundings and move safely through the workshop. 

 

3. Control System 

The control system functions as the central processing unit or "brain" of the Autonomous 

Mobile Robot. It receives data from sensors, processes the information and makes decisions 

regarding navigation, movement and task execution. 

 

The control system typically consists of embedded processors, microcontrollers and 

specialized software programs. These components work together to analyze environmental 

data and determine appropriate actions for the robot. 

 

One of the key tasks performed by the control system is localization. Localization refers to the 

robot's ability to determine its current position within the workshop. Accurate localization is 

necessary for navigation and path planning. 

 

Many AMRs use advanced algorithms such as Simultaneous Localization and Mapping 

(SLAM). SLAM allows the robot to create a map of the environment while simultaneously 

tracking its position within that map. This is particularly useful in dynamic environments where 

obstacles may move or the layout may change. 

 

The control system also manages communication with external systems such as production 

management software or warehouse management systems. Through wireless networks, the 

robot can receive task instructions and send status updates. 

 

Overall, the control system coordinates all robot activities and ensures that different 

components operate in a synchronized manner. 
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4. Drive System 

The drive system is responsible for generating the physical movement of the robot. It converts 

electrical energy into mechanical motion, allowing the robot to travel across the workshop 

floor. 

 

The main elements of the drive system include electric motors, wheels, gear mechanisms and 

motor controllers. Electric motors are the most common choice because they provide efficient 

and precise control of speed and torque. 

 

Motor controllers regulate the power supplied to the motors based on commands from the 

control system. By adjusting motor speed and direction, the robot can move forward, backward 

or turn in different directions. 

 

Different types of drive systems may be used depending on the robot design. Differential drive 

systems are simple and widely used in many AMRs. In this system, two motors independently 

control the left and right wheels, allowing the robot to turn by varying wheel speeds. 

 

More advanced robots may use multi wheel drive systems or omnidirectional drive systems to 

achieve greater maneuverability. 

 

The drive system must be designed to provide smooth motion and sufficient torque for carrying 

loads while maintaining energy efficiency. 

 

5. Power Supply 

The power supply provides the electrical energy required to operate all components of the 

Autonomous Mobile Robot. Since AMRs move freely without external power cables, they rely 

on onboard batteries for energy storage. 

 

Most modern AMRs use rechargeable lithium ion batteries because they offer high energy 

density, longer lifespan and relatively low weight. These batteries power motors, sensors, 

controllers and communication devices. 

 

Battery capacity determines how long the robot can operate before requiring recharging. In 
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industrial applications, robots are often designed to operate for several hours continuously. 

 

Many AMRs are equipped with automatic charging systems. When the battery level becomes 

low, the robot automatically travels to a designated charging station. The charging process can 

be performed without human intervention, allowing the robot to resume work once the battery 

is recharged. 

 

Power management systems also monitor battery health and optimize energy usage. Efficient 

power management is important to ensure reliable operation and reduce downtime in workshop 

environments. 

 

NAVIGATION TECHNOLOGIES USED IN AMRS 

Navigation is one of the most important capabilities of autonomous mobile robots. The robot 

must determine its position and move safely in the workshop environment. 

Several technologies are used for navigation. 

 

1. LiDAR Based Navigation 

LiDAR (Light Detection and Ranging) sensors emit laser beams to measure distances from 

surrounding objects. The reflected signals help create a map of the environment. 

LiDAR based navigation provides high accuracy and is widely used in industrial AMRs. 

 

2. Vision Based Navigation 

Vision systems use cameras and image processing techniques to identify objects and pathways. 

Machine vision algorithms analyze visual information to guide robot movement. 

Vision systems are useful in environments where landmarks or visual markers are present. 

 

3. SLAM Algorithm 

Simultaneous Localization and Mapping (SLAM) is an advanced technique used in 

autonomous robotics. The robot simultaneously creates a map of the environment while 

determining its position within the map. 

 

This method allows AMRs to operate in dynamic environments where layout may change. 
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APPLICATIONS OF AMRS IN WORKSHOP MATERIAL HANDLING 

Autonomous Mobile Robots are used in various workshop operations to improve material flow 

and reduce manual handling. 

 

1. Raw Material Transportation 

AMRs can transport raw materials from storage areas to machining centers or production lines. 

This ensures continuous supply of materials to machines. 

 

2. Tool Delivery 

In machining workshops tools are frequently required at different machines. AMRs can deliver 

tools automatically to required workstations. 

 

3. Workpiece Transfer between Machines 

In many workshops components must move through several machines during production. 

AMRs can transport semi-finished parts between machines such as milling, turning and 

grinding stations. 

 

4. Finished Product Handling 

After production, finished products can be transported by AMRs to inspection areas or storage 

locations. 

 

Table 1: Comparison between AGVs and AMRs 

Feature AGVs AMRs 

Navigation Fixed path Dynamic path 

Flexibility Low High 

Infrastructure Requires floor markers Minimal infrastructure 

Obstacle Avoidance Limited Advanced 

Adaptability Low High 

 

ADVANTAGES OF AUTONOMOUS MOBILE ROBOTS 

The adoption of AMRs in workshops provides several benefits. 
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1. Improved Productivity 

AMRs operate continuously without fatigue which increases productivity in material 

transportation tasks. 

2. Flexible Automation 

Unlike conveyors or AGVs, AMRs can easily adapt to layout changes in workshops. 

3. Reduced Labor Cost 

Automating transportation tasks reduces dependence on manual labor. 

4. Improved Workplace Safety 

AMRs use sensors and safety systems to avoid collisions, reducing accidents in workshops. 

5. Efficient Workflow 

Automated material transport ensures smooth production flow between different workstations. 

 

CHALLENGES AND LIMITATIONS 

Although AMRs offer many benefits, there are some challenges associated with their 

implementation. 

1. Initial Investment Cost 

The initial cost of purchasing AMRs and installing navigation systems may be high for small 

workshops. 

2. Integration with Existing Systems 

Integrating AMRs with existing manufacturing equipment and software systems can be 

complex. 

3. Navigation in Complex Environments 

Workshops with heavy traffic or frequent layout changes may create difficulties for robot 

navigation. 

4. Maintenance Requirements 

Regular maintenance is required for sensors, batteries and drive systems to ensure reliable 

operation. 

 

FUTURE TRENDS OF AMRS IN WORKSHOPS 

The development of autonomous mobile robots is rapidly progressing due to advances in 

robotics, artificial intelligence and sensor technology. 

 

Future AMRs are expected to have improved intelligence and better interaction with human  
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workers. Integration with Industry 4.0 technologies will allow robots to communicate with 

machines and production management systems. 

 

Artificial intelligence algorithms may enable predictive decision making for optimal material 

transport routes. In addition, swarm robotics concepts may allow multiple robots to coordinate 

tasks efficiently. 

 

Another important development is the use of cloud robotics where robots share information 

through cloud platforms. This can improve learning and system performance. 

 

With continuous technological improvement, AMRs will become more affordable and widely 

used in small and medium manufacturing workshops. 

 

 

Figure 1: Basic Structure of an Autonomous Mobile Robot 

           

DISCUSSION 

Autonomous Mobile Robots represent a significant step toward smart manufacturing systems. 

The ability of these robots to navigate independently makes them suitable for dynamic 

workshop environments. 

 

Compared with traditional material handling systems, AMRs provide higher flexibility and 

adaptability. Workshops can easily modify production layouts without making major 

infrastructure changes. 
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The integration of AMRs with digital manufacturing systems also improves production 

planning and monitoring. Robots can receive tasks automatically from production management 

software and update system status in real time. 

 

However the adoption of AMRs still requires careful planning and investment. Workshops 

must consider factors such as load capacity, navigation technology and workspace layout 

before implementing robotic systems. 

 

Despite some challenges, the benefits of autonomous mobile robots are encouraging many 

industries to adopt this technology. 

 

CONCLUSION 

Autonomous Mobile Robots have emerged as an efficient solution for material handling in 

modern workshops. These robots use advanced sensors, navigation technologies and intelligent 

control systems to transport materials automatically within manufacturing environments. 

 

The use of AMRs improves productivity, reduces manual labor and enhances workplace safety. 

Their ability to navigate dynamically without fixed infrastructure makes them more flexible 

than traditional material handling systems. 

 

Applications of AMRs include raw material transport, workpiece transfer between machines, 

tool delivery and finished product handling. These capabilities help maintain smooth 

production flow and reduce operational delays. 

 

Although challenges such as high initial cost and integration complexity exist, continuous 

technological advancements are making AMRs more practical for industrial use. 

In future, integration of artificial intelligence, cloud computing and Industry 4.0 technologies 

will further enhance the capabilities of autonomous mobile robots. Therefore, AMRs are 

expected to become an important component of smart manufacturing workshops. 
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