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Abstract 

Sensor modeling in the Gazebo simulator is fundamental to robotics advancement. This review explores sensor 

modeling intricacies, methodologies, and applications, while emphasizing a critical role of a precise sensor modeling. 

Application scenarios demonstrate a sensor modeling's broad utility across fields including medical diagnostics, 

autonomous navigation, and industrial automation. Differences in research focus, methodology, and implementation 

underline a varied nature of sensor modeling studies. Key challenges include a need for more detailed world models. 

The paper guides a research in sensor modeling and identifies crucial questions. 
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1. Introduction 

In contemporary robotics and autonomous systems, 

simulation plays an important role [1]. It offers 

researchers and engineers the means to create and test 

robots in virtual environments, reducing costs and 

ensuring safety during the development of robotic 

systems [2]. However, for simulations to produce 

realistic results, precise modeling of sensors, such as 

cameras, lidars, infrared, and ultrasonic sensors, is 

paramount. These sensors are instrumental in perceiving 

the robot's surroundings and interacting with them. 

Accurate sensor models in simulators have become 

fundamental for the successful development and testing 

of perception, navigation, and control algorithms for 

robots. 

In this review article, we delve into a significant issue 

within the realm of robotic simulation, focusing on 

sensor modeling in the Gazebo simulator [3]. Among 

robotic simulators, Gazebo stands out for its powerful 

functionality and flexibility. It allows for the creation of 

complex 3D robot models and their environments, along 

with the simulation of a wide range of sensors [4].  

The objective of our article is to provide readers with 

an overview of contemporary methodologies and 

approaches to sensor modeling within the Gazebo 

simulator. We will explore the challenges researchers 

address in this domain, the methods employed for precise 

sensor modeling, and the profound impact these models 

have on the development of robotic systems. Moreover, 

we will discuss the primary challenges researchers 

encounter and outline potential directions for future 

research in this rapidly evolving field.  

2. Methodologies 

The choice of a specific method and methodology for 

modeling sensors in the Gazebo simulator depends on 

several key factors. Initially, this is the type of sensor that 

is required to simulate, since different sensors have 

different characteristics and requirements. For example, 

the modeling of the camera requires accounting for 

optical parameters [5], while the modeling of the 

ultrasonic sensor can be based on acoustic properties [6]. 

The objectives of the study also play an important role in 

choosing a methodology. If the main goal is to assess the 

accuracy of the sensor, then the methods focused on 

comparison with real dimensions can be the most 

suitable [7]. If the goal is to develop and test new 

algorithms for processing data from the sensor, then 

modeling taking into account noise and distortion can be 

more relevant [8]. The level of detail also plays a key role. 

Highly detailed models of sensors may require large 
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computing resources and time for simulation, while 

simplified models can be less accurate, but more 

effective in terms of computing resources [9].  

Some of the common methodologies include: Physical 

modeling, including taking into account the physical 

properties of the sensor and its interaction with the 

environment [10]. Methods of machine learning that 

allow training sensors based on real data and apply it in 

simulations [11]. Geometric modeling, focused on the 

exact reconstruction of the geometry of the environment 

and objects with which the sensor interacts [12]. 

Statistical modeling methods: include statistical 

approaches to take into account various sources of noise 

and uncertainty in the measurements of sensors [13]. This 

may include methods for filtering, smoothing and 

assessing the state that allow you to take into account the 

statistical characteristics of measurements. 

Table 1 provides an overview of recent and noteworthy 

publications related to sensor modeling within the 

Gazebo simulator. This table showcases articles that have 

leveraged Gazebo for simulating sensors, highlighting 

the various contexts and applications where these models 

have been employed. 

3. Common aspects 

One of the key tasks of research involving sensor 

modeling is to evaluate and analyze the accuracy of 

various sensors, such as cameras, lidars, ultrasonic and 

infrared sensors, in a virtual environment. This allows 

researchers to understand how the sensors interact with 

the environment and how accurate the data they 

provide [5], [6]. 

Research in this area often involves the creation and 

testing of data processing algorithms for sensors. These 

algorithms may include computer vision methods, image 

processing, machine learning, and other techniques used 

to analyze data collected from sensors [14]. 

Gazebo's sensor modeling research aims to create 

virtual scenarios that are as close to real-world conditions 

as possible. Researchers strive to accurately model the 

objects with which sensors interact and whose condition 

can affect the simulated sensor readings [6], [15]. 

Researchers often use sensor simulations to validate the 

algorithms of their robots. This allows them to test the 

validity of their designs under different conditions. 

Research may also involve integrating sensor modeling 

into real robotic platforms. This helps researchers adapt 

the results of their work for use in actual robots [15], [16]. 

In summary, research related to sensor modeling in the 

Gazebo simulator aims to improve the understanding of 

sensor behavior in robotics systems, develop efficient 

data processing algorithms, and create realistic 

simulation environments for testing and training in the 

field of autonomous systems and robotics. 

4. Distinctions 

Each scientific paper can focus on different aspects of 

sensor modeling. For instance, one paper may investigate 

camera modeling for robot navigation [17], while another 

may emphasize lidar sensors for obstacle detection [16]. 

Consequently, the research topic can substantially differ. 

Researchers can use various methods and techniques 

for sensor modeling. For example, some may develop 

their own sensor models [18], [19], while others might 

utilize standard tools and libraries available in Gazebo 

[20]. This can impact the accuracy of modeling and the 

scope of the results. 

Studies may also differ in terms of research objectives. 

Some papers may aim to optimize sensor 

performance [21], while others seek to develop new data 

processing algorithms or assess sensor reliability in 

various scenarios [22]. 

Different studies may be oriented toward various types 

of robotic systems. For example, research may target 

mobile robots, autonomous vehicles [23], robot 

manipulators [6], [24], or drones [25], and each of these 

system types may have unique characteristics in sensor 

modeling. 

Scientific papers can be directed toward diverse 

applications of sensor modeling, such as medical 

diagnostics [26], autonomous navigation [17], [27], and 

more. 

These differences in research themes, methods, and 

objectives make each scientific paper unique and 

specialized. Collectively, they contribute to the 

advancement of sensor modeling in the Gazebo simulator, 

providing new knowledge and tools for developers and 

researchers in the field of robotics. 

5. Application scenarios 

Modeling sensors in the Gazebo simulator finds 

applications in various fields of robotics and autonomous 

systems. 

One of the key applications of sensor modeling in 

Gazebo is the development and testing of autonomous 

transportation systems, such as self-driving cars [30]. 

Virtual simulations enable engineers to assess navigation 

and control algorithms under diverse conditions, 

ensuring safety before these vehicles hit the roads.
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Table 1. Relevant publications in Gazebo sensors simulation. 

 

 
In the medical domain, Gazebo's sensor modeling 

capabilities can be used to create virtual training 

environments [31]. These environments allow medical 

professionals to practice operating medical robots and 

other devices [6]. Additionally, it is beneficial for 

research in the field of medical robotics, including 

surgical robots and rehabilitation devices. 

Gazebo is frequently used in the educational field to 

teach students and researchers the fundamentals of 

robotics [28]. Sensor modeling permits students to 

experiment with various sensor types and data processing 

algorithms, enhancing their understanding of robotics 

principles. 

Sensor modeling in Gazebo is invaluable for simulating 

complex urban search and rescue (USAR) scenarios [15]. 

It allows researchers and first responders to test various 

robotic systems that can navigate disaster-stricken areas, 

locate survivors, and assess structural damage, all while 

avoiding risks to human life. 

These applications showcase the versatility of sensor 

modeling in the Gazebo simulator. They represent only a 

fraction of the possibilities offered by sensor modeling, 

with its utility extending to various challenges and 

objectives in the realms of robotics and autonomous 

systems. 

6. Main challenges and future directions 

While sensor modeling in the Gazebo simulator has 

seen remarkable advancements, several challenges 

persist, and promising future directions are emerging. 

Here, we outline some of the key challenges and areas of 

potential growth. 

Many studies have identified the need for further 

refinement of the world models used in 

simulations [6], [15]. Realism of sensor simulations 

often depends on the complexity of the environment 

being simulated. Future research may focus on enhancing 

world models to better mimic real-world scenarios, 

including factors like lighting, weather, and dynamic 

objects. 

Some articles focused on the complexity of sensory 

synthesis [32]. As robotic systems become more 

sophisticated, sensor fusion, the integration of data from 

multiple sensors, poses a growing challenge. Future 

developments may revolve around creating more 

Sensor modeling context Sensor type Application Reference 

A software package for ultrasound 

sensor modeling in the Gazebo simulator 
Ultrasound sensor Medical Robotics [6] 

Incorporating sensors into the model 
LRF, IMU sensor, 

cameras 
USAR, AMR [15] 

Incorporating sensors into the model 

LIDAR, IMU, 

GPS/GLONASS, 

Side sonars 

Autonomous 

Vehicles 
[23] 

It is explained how to incorporate sensors into models in 

Gazebo 

LRF, IMU sensor, 

cameras 

Robotics 

Education, AMR 
[28] 

Shows physical integration of the main types of sensors in 

UAV domain both for navigation and collision avoidance 

LIDAR, sonar, 

radar,video 

Autonomous 

Vehicles, UAV 
[16] 

Automatic tool allows creating realistic landscapes in Gazebo 

simulation based on results of real world sensor-based 

exploration 

LIDAR, RGBD-

camera 
UAV, UGV [12] 

The simulated tactile sensor can produce high-resolution 

images from depth-maps captured by a simulated optical sensor 

GelSight tactile 

sensor 

Tactile Sensing 

Visualization 
[18] 

Simulating the operation of LIDAR sensors in real-time, 

considering LASER beam propagation and attenuation of 

LASER energy in adverse weather conditions such as fog and 

rain 

LIDAR Automotive [7] 

An algorithm for detection of obstacles and lines was 

implemented for the IR sensors 
IR 

Robotics 

Education 
[20] 

The scalability investigation of LIDAR-type sensor simulation 

in ROS-supported Gazebo 
LIDAR AMR [29] 

Evaluate a variety of visual and LiDAR SLAM algorithms in a 

simulated environment 

LIDAR, RGB-D-

camera 
Mobile Robots [21] 

Simulation of the RFID readers-antennas mounted on robots 

reading RFID tags in the environment 
RFID UAV [19] 

A method to simulate the ARVA transceiver ARVA 
Search And 

Rescue, UAV 
[10] 

Test the control-level and sensor-level algorithms in simulation 

environment 
LIDAR UAV [25] 
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advanced sensor fusion models to handle the increasing 

complexity of robotic applications. 

Balancing realism and computational efficiency 

remains a fundamental challenge. Simulations with high 

levels of detail can be computationally intensive, limiting 

real-time performance [29], [33]. Researchers may 

explore novel techniques to achieve a harmonious 

balance between realism and efficiency. 

Leveraging AI and machine learning for sensor 

modeling is a burgeoning area [34]. Future research may 

delve into integrating AI techniques for sensor data 

interpretation, enabling robots to learn from simulated 

sensor inputs. 

As robots increasingly interact with humans, modeling 

sensors for human-awareness becomes vital. Future work 

may focus on simulating sensors that enable robots to 

perceive and respond to human actions and intentions. 

With the rise of autonomy in robotics, future directions 

include the development of sensor models that support 

high-level decision-making in autonomous systems. 

In summary, sensor modeling in Gazebo continues to 

evolve, aiming for realism, efficiency, and applicability. 

Addressing these challenges and exploring these future 

directions will contribute to the continued growth of 

robotics and autonomous systems. 

7. Conclusion 

In conclusion, this review article has explored the 

intricate world of sensor modeling within the Gazebo 

simulator. We've delved into the aspects of sensor 

modeling, discussed current research directions, and 

identified key research questions in this evolving field. 

Through an examination of various methodologies, 

application scenarios, and the distinctiveness of each 

research endeavor, we've gained a comprehensive 

understanding of how sensor modeling contributes to the 

advancement of robotic systems. As the field of robotics 

continues to expand, the importance of accurately 

modeling sensors in virtual environments has become 

increasingly clear. This review serves as a foundational 

resource for further research and innovations in the 

domain of sensor modeling within the Gazebo simulator. 
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