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Abstract. This paper examines the perception systems used in industrial Automated Guided
Vehicles (AGVs), focusing on traditional and advanced sensor solutions. Traditional
perception methods, such as track-based and magnetic tape guidance, offer reliability but are
limited in flexibility. In contrast, radar, vision, and LiDAR sensors provide enhanced
perception capabilities, enabling AGVs to navigate safely and efficiently in complex industrial
environments. The study explores various sensors, including visible light, infrared, ultrasonic,
LiDAR, magnetic strip sensors, Inertial Measurement Units (IMUs), tactile sensors,
Ultrawideband (UWB) sensors, thermal sensors, and millimeter-wave (mmWave) sensors,
highlighting their principles, advantages, and limitations. The integration of these sensors
supports robust navigation and operational efficiency in diverse settings. The methodology
involves reviewing existing literature and analyzing current technologies used in industrial
AGVs. Results indicate that while traditional solutions are reliable, advanced sensor
technologies significantly enhance AGV performance. The paper concludes that the future of
AGYV perception systems lies in the integration of advanced sensors with artificial intelligence
and machine learning algorithms, promoting intelligent and adaptive industrial automation.
Additionally, it underscores the necessity of developing robust sensor fusion techniques to
harness the full potential of these advanced sensors.
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1. Introduction

Automated Guided Vehicles (AGVs) play a crucial role in modern industrial automation, performing
tasks such as material handling, assembly, and packaging with minimal human intervention. Effective
perception systems are vital for AGVs to navigate and interact with their surroundings, ensuring they
can operate reliably even in complex and dynamic environments. Traditional methods, like
track-based and magnetic tape guidance, have provided a solid foundation for AGV navigation.
However, these methods are often limited in flexibility and adaptability to dynamic changes in the
environment.

Industrial AGVs operate in various environments, including warehouses, factories, and distribution
centers. These vehicles need to perform tasks such as material transport, order picking, and assembly
operations efficiently and safely. Effective perception systems are crucial for AGVs to navigate and
interact with their surroundings, ensuring they can operate reliably even in complex and dynamic
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environments. By improving AGV perception systems, industries can enhance productivity, ensure
consistent quality, and reduce the risk of human error.

The integration of advanced sensor technologies has revolutionized AGV perception capabilities,
enabling these vehicles to navigate complex and dynamic environments with higher precision and
reliability. This paper explores both traditional and advanced sensor solutions used in AGVs,
highlighting their principles, advantages, and limitations. Additionally, the integration of multiple
sensor types through sensor fusion techniques is discussed, along with future directions for AGV
perception systems. Understanding the strengths and weaknesses of each sensor type is essential for
designing robust and efficient AGV perception systems.

2. Traditional perception solutions

Traditional perception solutions have been the cornerstone of AGV navigation in stable and
predictable industrial environments. These methods, while reliable, are often limited in terms of
flexibility and adaptability to dynamic changes in the environment. This section provides an overview
of traditional perception solutions, their advantages, and their limitations.

2.1. Track-Based guidance

Track-based guidance systems rely on physical tracks laid on the floor. These tracks guide AGVs
along predetermined paths, ensuring high navigation accuracy and operational reliability. This method
is ideal for stable environments with fixed production layouts but lacks flexibility for dynamic settings.
Track-based systems are known for their simplicity and robustness, but any changes in the layout
require physical modifications to the track system, which can be time-consuming and costly. Despite
these limitations, track-based guidance remains a popular choice in industries where the production
layout remains relatively unchanged [1].

2.2. Magnetic tape guidance

Magnetic tape guidance involves using magnetic strips on the floor, which AGVs follow using
onboard sensors. This method offers greater flexibility compared to track-based guidance, allowing
quick path adjustments with minimal downtime. Magnetic tapes can be easily reconfigured to
accommodate changes in the production layout, making this method more adaptable to dynamic
environments. However, magnetic tapes can wear out and are susceptible to external magnetic
interference, necessitating regular maintenance. Additionally, the accuracy of magnetic tape guidance
can be affected by the presence of metallic objects or other magnetic fields in the environment.
Despite these challenges, magnetic tape guidance is widely used in industries where flexibility and
quick reconfiguration of paths are essential [2].

3. Advanced sensor solutions

Advanced sensor solutions represent a significant leap forward in AGV perception capabilities. These
sensors provide AGVs with the ability to navigate complex and dynamic environments with higher
precision and reliability. This section explores various advanced sensor solutions, their principles,
advantages, and limitations.

3.1. Radar sensors

Radar sensors operate by emitting electromagnetic waves and measuring the reflected signals to
determine the distance and speed of objects. They offer high accuracy and reliability in various
environments, regardless of lighting conditions. Radar sensors are particularly useful in dusty or
poorly lit areas, where other sensor types might struggle. However, their sensitivity to metallic objects
and high cost are notable limitations. The data obtained from radar sensors can be used to create
detailed maps of the environment, enhancing the AGV's ability to navigate complex industrial settings.
Radar sensors are particularly valuable in environments with high levels of airborne particulates or
where visibility is compromised, such as in mining or certain manufacturing processes [3].
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3.2. Vision sensors

Vision sensors use cameras and computer vision algorithms to capture and analyze images. These
sensors provide detailed environmental information, allowing AGVs to navigate complex settings with
precision. Vision sensors can recognize colors, shapes, and text, making them versatile for tasks
requiring detailed visual inspection. Their performance, however, is highly dependent on lighting
conditions and requires substantial computational resources. By integrating advanced image
processing algorithms, vision sensors can detect and classify objects, track their movement, and even
interpret visual cues such as signs and labels. Despite their dependence on lighting conditions, vision
sensors offer a high level of detail and accuracy, making them essential for tasks that require detailed
visual analysis. Additionally, advancements in artificial intelligence and machine learning have
significantly enhanced the capabilities of vision sensors, enabling them to learn and adapt to new
environments more effectively [4].

3.3. LiDAR sensors

LiDAR (Light Detection and Ranging) sensors emit laser pulses and measure the reflection time to
create detailed 3D maps of the environment. These sensors offer high precision and are effective in
various lighting conditions. LiDAR sensors are particularly valuable for navigation and obstacle
detection in complex environments. They provide detailed spatial information that enhances the
AGV's ability to navigate safely and efficiently. However, LIDAR sensors are expensive and require
significant computational resources to process the data. The integration of LiDAR sensors with other
sensors can provide a comprehensive perception system that leverages the strengths of each sensor
type. For example, combining LiDAR data with vision sensor data can provide both detailed spatial
information and high-resolution imagery, enhancing the AGV's overall perception capabilities [5].

3.4. Ultrawideband sensors

Ultrawideband (UWB) sensors use short, high-frequency pulses to determine the distance to objects.
These sensors offer high precision and can operate in various environmental conditions, including
through obstacles like walls and floors. UWB sensors are particularly useful for indoor localization
and tracking applications. However, they require significant computational resources to process the
data. Despite these challenges, UWB sensors provide a valuable addition to the AGV's perception
system, enabling accurate localization and tracking in complex indoor environments. The integration
of UWB sensors with other sensor types can enhance the overall perception capabilities of AGVs,
allowing them to navigate more effectively in challenging conditions [6].

3.5. Thermal sensors

Thermal sensors detect infrared radiation emitted by objects based on their temperature. These sensors
are effective in detecting heat signatures and are particularly useful in low-light conditions or
environments with high levels of visual obstruction. Thermal sensors can be used for obstacle
detection, fire detection, and monitoring machinery temperatures. However, their resolution is
typically lower than that of visible light sensors, and they can be affected by ambient temperature
changes. Despite these limitations, thermal sensors provide a unique and valuable perspective for
AGVs, particularly in environments where temperature differences are significant [7].

3.6. Millimeter-Wave sensors

Millimeter-Wave (mmWave) sensors operate in the 30-300 GHz frequency range and can detect
objects at both short and long ranges. These sensors offer high resolution and accuracy, making them
suitable for detecting small objects and providing detailed environmental information. mmWave
sensors can operate in various weather conditions, including rain, fog, and dust, making them versatile
for outdoor applications. However, their high cost and complexity are notable limitations. Despite
these challenges, mmWave sensors provide a valuable addition to the AGV's perception system,
enabling detailed and reliable detection of objects in diverse environments [8].
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4. Sensor principles, advantages, and limitations
This section provides a detailed analysis of various sensors used in AGV perception systems,
including their principles, advantages, and limitations.

4.1. Visible light sensors

Visible light sensors, which capture images using monocular, binocular, or fisheye cameras, are
commonly used in AGVs due to their cost-effectiveness and ability to provide detailed visual
information. These sensors can be used for tasks such as obstacle detection, path following, and object
recognition. However, their performance is highly dependent on lighting conditions. For example,
monocular cameras can only provide 2D images, lacking depth perception, while fisheye cameras can
introduce distortion. Despite these limitations, visible light sensors are widely used in AGVs due to
their versatility and ability to provide rich visual data [9].

4.2. Infrared sensors

Infrared sensors detect infrared radiation emitted or reflected by objects, making them effective in
low-light conditions. These sensors are often used for detecting heat signatures and can be used for
tasks such as obstacle detection, fire detection, and monitoring machinery temperatures. However,
infrared sensors can be affected by ambient temperature changes and have lower resolution compared
to visible light sensors. Despite these limitations, infrared sensors provide a valuable perspective for
AGVs, particularly in environments where temperature differences are significant [10].

4.3. Ultrasonic sensors

Ultrasonic sensors emit sound waves and measure the reflection time to determine the distance to
objects. These sensors are widely used in AGVs for obstacle detection and navigation due to their low
cost and simplicity. Ultrasonic sensors can operate in various lighting conditions and are effective in
detecting objects at short to medium ranges. However, their resolution is lower than that of other
sensors, and they can be affected by environmental factors such as temperature and humidity. Despite
these limitations, ultrasonic sensors provide a cost-effective and reliable solution for basic obstacle
detection and navigation in AGVs [11].

4.4. Magnetic strip sensors

Magnetic strip sensors detect magnetic fields emitted by magnetic strips placed on the floor. These
sensors are commonly used for path following in AGVs, providing a simple and reliable guidance
method. Magnetic strip sensors can be easily reconfigured to accommodate changes in the production
layout, making this method more adaptable to dynamic environments. However, magnetic strips can
wear out and are susceptible to external magnetic interference. Despite these limitations, magnetic
strip sensors remain a popular choice in industries where flexibility and quick reconfiguration of paths
are essential [12].

4.5. Inertial Measurement Units

Inertial Measurement Units (IMUs) measure acceleration and angular velocity, providing critical data
for navigation and stability control. These sensors are particularly valuable in dynamic environments
where the AGV needs to maintain stability and navigate accurately. However, IMUs are prone to drift
over time and require regular calibration. Despite these challenges, IMUs provide a valuable addition
to the AGV's perception system, enabling it to navigate accurately and maintain stability in dynamic
environments. The integration of IMUs with other sensor types can enhance the overall perception
capabilities of AGVs, allowing them to operate more effectively in a wider range of conditions [13].

4.6. Tactile Sensors
Tactile sensors detect physical contact and are used for collision detection and handling tasks. These
sensors provide critical feedback for AGVs, ensuring they can interact safely with objects and people.
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However, their range is limited to physical contact, and they cannot detect objects at a distance.
Despite these limitations, tactile sensors provide a valuable addition to the AGV's perception system,
enabling it to detect and respond to physical interactions effectively. The integration of tactile sensors
with other sensor types can enhance the overall perception capabilities of AGVs, allowing them to
operate more safely and efficiently in complex environments [14].

5. Sensor fusion

Sensor fusion involves combining data from multiple sensors to create a comprehensive perception
system. By integrating various sensor types, AGVs can leverage the strengths of each sensor to
enhance their perception capabilities. This section discusses the principles, benefits, and challenges of
sensor fusion [15].

5.1. Principles of sensor fusion

Sensor fusion combines data from multiple sensors to create a more accurate and reliable perception of
the environment. This process involves data alignment, integration, and filtering to ensure consistency
and accuracy. By fusing data from different sensor types, AGVs can overcome the limitations of
individual sensors and achieve a higher level of perception accuracy. For example, fusing data from
radar and vision sensors can provide both detailed spatial information and high-resolution imagery,
enhancing the AGV's ability to navigate complex environments.

5.2. Benefits of sensor fusion

The benefits of sensor fusion in AGV perception systems are manifold. By integrating multiple sensor
types, AGVs can achieve greater accuracy, reliability, and robustness in their perception capabilities.
Sensor fusion enables AGVs to operate effectively in a wider range of conditions, enhancing their
versatility and operational efficiency. For example, combining data from LiDAR and vision sensors
can provide both detailed 3D maps and high-resolution images, enabling AGVs to navigate complex
environments more effectively. Additionally, sensor fusion can enhance the AGV's ability to detect
and respond to dynamic changes in the environment, improving overall performance and safety.

5.3. Challenges of sensor fusion

Despite its benefits, sensor fusion also presents several challenges. Integrating data from multiple
sensors requires sophisticated algorithms and significant computational resources. Ensuring data
consistency and accuracy can be complex, particularly when dealing with sensors that have different
measurement principles and error characteristics. Additionally, sensor fusion systems must be robust
to handle sensor failures and inaccuracies. Despite these challenges, advancements in artificial
intelligence and machine learning have significantly enhanced the capabilities of sensor fusion
systems, enabling them to process and integrate data more effectively.

6. Future directions

The future of AGV perception systems lies in the integration of advanced sensors with artificial
intelligence and machine learning algorithms. These technologies can enhance AGV capabilities,
enabling them to learn from their environment and adapt to dynamic changes. For example, machine
learning algorithms can be used to analyze sensor data and predict potential obstacles, allowing AGVs
to plan their paths more efficiently. Additionally, the integration of Al and machine learning can
enhance the AGV's ability to perform complex tasks, such as object recognition and manipulation. By
leveraging the power of Al and machine learning, AGVs can achieve a higher level of autonomy and
operational efficiency.

6.1. Artificial intelligence and machine learning
Artificial intelligence and machine learning algorithms can significantly enhance AGV perception
systems by enabling them to learn from their environment and adapt to dynamic changes. These
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technologies can be used to analyze sensor data and predict potential obstacles, allowing AGVs to plan
their paths more efficiently. For example, deep learning algorithms can be used to process data from
vision sensors, enabling AGVs to recognize and classify objects with high accuracy. Additionally,
reinforcement learning can be used to optimize AGV behavior, improving their performance in
complex environments. By integrating Al and machine learning with advanced sensor technologies,
AGVs can achieve a higher level of perception accuracy and operational efficiency.

6.2. Enhanced perception and navigation

The integration of advanced sensors with Al and machine learning can enhance the AGV's perception
and navigation capabilities, enabling them to operate safely and efficiently in complex and dynamic
environments. For example, AGVs can use radar sensors to detect obstacles in low-light conditions,
vision sensors to identify specific objects, and LiDAR to create detailed maps of the environment. By
combining data from these sensors, the AGV can navigate efficiently and avoid obstacles, ensuring
safe and reliable operation. Additionally, Al and machine learning algorithms can be used to analyze
sensor data and predict potential obstacles, allowing AGVs to plan their paths more efficiently. This
integration of technologies will enable AGVs to perform a wider range of tasks, from simple material
transport to complex assembly operations, enhancing their versatility and operational efficiency.

7. Conclusion

The integration of traditional and advanced sensor solutions in AGV perception systems offers
significant advantages for industrial automation. While traditional methods provide reliability and
simplicity, advanced sensors such as radar, vision, and LiDAR enhance AGV capabilities, enabling
them to navigate complex environments with greater precision. The future of AGV perception lies in
the integration of advanced sensors with artificial intelligence and machine learning algorithms,
promoting intelligent and adaptive industrial automation. By leveraging the strengths of various sensor
types and integrating them through sensor fusion techniques, AGVs can achieve a higher level of
perception accuracy and reliability, leading to improved performance and operational efficiency in
diverse industrial settings. This paper highlights the importance of developing robust sensor fusion
techniques to harness the full potential of these advanced sensors and emphasizes the need for ongoing
research and development in this field to ensure the continued advancement of AGV perception
systems.
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