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1. Introduction

This project focused on the design and implementation of a mobile robot simulation within a virtual
environment. The primary objective was to replicate the full operational capabilities of the physical
robot, including locomotion, sensing, and interaction with its surroundings. The simulation integrates
all major mechanical components as well as sensing components,such as cameras, lidars, and inertial
sensors,ensuring that its behavior closely matches real-world performance. This approach enables
thorough testing, research, and innovation in robotic systems without the risks, costs, or logistical

constraints associated with using actual hardware.

The robot modeled in this project is the ABB Flexley Tug, specifically the AMR T702 model, an
autonomous mobile robot primarily used for material transport in warehouse and industrial
environments. The T702 is designed for high payload capacity, precise navigation, and seamless
integration into automated logistics workflows. ABB’s development processes for such robots have
traditionally relied on proprietary software, which can limit accessibility and constrain collaborative
efforts. This project introduces an open-source simulation framework, significantly improving
accessibility and fostering more effective collaboration between industry and academia. By leveraging
widely available tools, the platform encourages broader participation in research and development,

allowing new concepts to be evaluated and refined with greater efficiency.

The development process involved extracting meshes of the mechanical components from the 3D
model of the robot, defining these components in simulation with accurate kinematic and dynamic
properties,integrating sensors to replicate real-world data acquisition and development of the
warehouse environment. The simulation was developed to support teleoperation, obstacle detection,
and interaction with surroundings, enabling thorough assessment of perception systems and sensor
performance. It was also designed for seamless integration with widely used robotics frameworks,

ensuring efficient prototyping and smooth incorporation into existing workflows.

The development process was full of its challenges, achieving stable dynamic behaviour of the robot
in simulation involved careful tuning of the inertial and mass parameters to prevent unrealistic
motion. Integrating multiple sensors also presented complexity in synchronization and calibration to
ensure consistent data output. Additionally, maintaining a balance between model accuracy and
computational efficiency demanded iterative refinements to the robot’s physical and visual

properties.

The project contributes directly to advancements in robotics by enabling cost-effective, safe, and

repeatable testing in a controlled virtual setting if implemented practically. Furthermore, it promotes
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cross-sector collaboration, allowing researchers from both industrial and academic backgrounds to
jointly accelerate technological progress. Such advancements in automation have the potential to
enhance industrial efficiency and deliver wider societal benefits through safer, more intelligent, and

adaptable robotic solutions.

In conclusion, this work establishes a flexible and scalable simulation framework designed to serve
the needs of both the robotics industry and the research community. By transitioning robot
simulation to an open-source platform, it provides a strong foundation for accelerated innovation,

seamless collaboration, and sustained technological development.
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2. Project Overview

2.1 Background

Like many other manufacturers, ABB traditionally relies on proprietary software for the research and

development of its robots. While effective, this approach limits access for the broader research

community, thereby restricting opportunities for external collaboration, innovation, and knowledge

sharing. To address this gap, there was a clear need for a framework that would allow academic and

industrial researchers alike to contribute to advancements in robotic technologies. Such a framework

would accelerate development, encourage cross-sector collaboration, and promote innovation. This

vision formed the foundation of this project.

2.2 Objectives & Scope

The primary objective of this project was to design and implement a simulation of an ABB
mobile robot using an open-source platform. The simulation aimed to accurately replicate the
robot’s physical structure, motion, and sensing capabilities including cameras, lidars, and
inertial sensors,within a virtual environment. Additional objectives included creating a flexible
and modular framework to support teleoperation, and capturing sensor data, as well as

ensuring the platform could be easily adapted for future research and development.

The scope of work focused on developing the robot’s simulation model, integrating its key
sensors, and ensuring functional communication between the simulation and ROS 2 for
control and data visualization. The project concentrated on achieving stable and realistic robot
behavior in Ignition Gazebo while validating the proper functioning of all integrated

components.

2.3 Key Technologies & Innovations

The project was implemented using Ignition Gazebo as the primary simulation platform,
chosen for its realistic physics engine, advanced sensor simulation capabilities, and
open-source nature. ROS 2 was employed as the middleware for communication, control, and
data handling, while RViz served as the primary visualization tool for sensor outputs and robot
state monitoring. The robot was modeled using SDF format, allowing precise definition of

geometry, joints, and sensors. Open-source Gazebo plugins were integrated to simulate
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differential drive control, cameras & lidar operation, attachment & detachment of load trolley

with robot and for environmental interaction.

e The project’s primary innovation lies in transitioning ABB robot simulation from proprietary,
manufacturer-specific software to a fully open-source framework. This shift removes
accessibility barriers, enabling both academic and industrial researchers to collaborate more
effectively, share developments, and accelerate innovation. The simulation framework offers
cost savings by reducing the need for expensive and time-consuming physical testing,
increased scalability through its modular architecture, and greater adaptability for future
research needs. Its open-source foundation promotes sustainability, as it avoids vendor lock-in
and extends the lifespan of the simulation by enabling continuous community-driven
improvement. Furthermore, the ease of deployment and customization makes the framework
significantly more accessible compared to existing proprietary alternatives, broadening its

usability across a wide range of robotics research and development contexts.

3. Implementation Strategy

3.1 Design & Development

The technical implementation of the project involved three core stages: robot modeling, simulation
setup, and integration with ROS2. The robot was modeled using the SDF format to define its
geometry, joints, and linkages, with careful consideration given to both visual and collision elements.
All major sensing components,including cameras, lidars, and an IMU,were incorporated into the
model to ensure accurate perception capabilities within the simulation environment. The detailed

description of robot modelling can be found in the robot design section.

For the simulation setup, Ignition Gazebo was selected for its realistic physics engine and advanced
simulation features. Owing to the plugins used in simulation, the robot can be teleoperated in the
warehouse environment as well as lidars and cameras create visualization of the surrounding
environment in form of point cloud and images respectively. This output can be visualized in Rviz
which is a visualization tool. ROS 2 served as the middleware, managing control commands, sensor
data streaming, and inter-component communication. The system was designed with a modular
architecture, allowing individual subsystems to be tested independently and easily replaced or

upgraded when necessary. The complete workflow is shown in figure 1.
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Figure 1: Simulation Workflow

Robot Design

The robot, as previously described, is modeled in Simulation Description Format (SDF) for simulation
purposes. SDF is basically an XML format that describes objects and environments for robot
simulators, visualization and control. SDF offers several advantages over the Unified Robot
Description Format (URDF), as it not only supports simulation-specific plugins but also allows the

definition of the surrounding environment. The robot comprises multiple links and joints
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corresponding to each mechanical component and sensor. Its general configuration consists of a
chassis, four driving wheels, four castor wheels, two LiDAR sensors, and six cameras. The design also
incorporates a differential drive plugin, robot state publisher plugin and detachable joint plugin,
which are responsible for teleoperation, state broadcasting and attachment & detachment of loading

trolleys using simulation respectively.

In the SDF, the base link serves both as the chassis and the primary reference frame of the robot. Its
collision geometry is defined as a box with dimensions replicating the physical robot, while the visual
representation employs the original STL mesh. Inertial parameters are calculated based on the
physical mass and dimensions of the chassis. SIx cameras are attached to the base link replicating the
original robot, one at the front, one at the back, two at each side. These cameras allow a complete

360 degree view of the robot's surroundings.

In addition to the cameras, the robot is equipped with two 2D LiDAR sensors and an Inertial
Measurement Unit (IMU). The IMU, mounted at the front of the chassis, measures angular velocity
and linear acceleration along all axes. Gaussian noise is added to each axis to simulate real-world
sensor imperfections, supporting the development and testing of sensor fusion algorithms. Two GPU
LiDAR sensors are mounted symmetrically at the front and rear, responsible for obstacle detection
and environmental mapping. For collision geometry, each LiDAR is modeled as a cylinder, while the
visual model uses the original mesh. The lidars are positioned to replicate the lidars in the original

robot.

The drivetrain consists of four driving wheels,two at the front and two at the rear,connected to the
chassis via revolute joints, enabling rotation around the y-axis. Each wheel’s collision geometry is
represented as a cylinder with mass and dimensions matching the physical design. Contact and
friction properties are defined to closely replicate realistic grip and slip behavior. The original wheel

meshes are used for visualization.

For stability, the robot is further supported by four castor wheels, with two located at the front and
two at the rear. These are mounted using ball joints to allow unrestricted 360° rotation. Both mass

and geometry are modeled to match the original castor wheel specifications.

For stable teleoperation of the robot, the robot is controlled using differential drive via a differential
drive plugin which is integrated using a built-in plugin in simulation. The plugin drives all four wheels
of the robot with wheel separation as close to realistic separation as possible. The movement of the
robot can be controlled by publishing the velocity commands via a ROS2 topic. The wheel's odometry

is also published to another ROS2 topic in real time.

T E C H B 0 9 8 T www.techboost.fi

Aalto-yliopisto
Aalto-universitetet
] Aalto University



The joint state publisher plugin is also defined in the simulation, which broadcasts the positions and

velocities of all joints, facilitating smooth integration with ROS for both visualization and control.

A detachable joint plugin is also defined in the simulation, this plugin is responsible for dynamic
attachment and detachment of the trolley with the robot during simulation. The model for trolley is
defined in a separate model. The trolley can be attached and detached by sending

attachment-detachment commands using a ROS2 node.

A complete schematic of the link—joint relationships is provided in Appendix A. The final assembled

robot model is shown in Figure [2].

Figure 2: Robot Model

The environment surrounding the robot is also modelled using SDF. The primary model for the
warehouse was obtained from an internet source. Some modifications were made to the model to
make it compatible with the ROS and Gazebo version being used in our simulation. The warehouse is
modelled using multiple sub-models to define the objects such as walls, pillars, boxes, pallets and
crates. All these models are defined to have realistic physical properties to ensure accurate
interaction of the robot with the surroundings during simulation. The final warehouse environment is

shown in figure 3.
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Figure 3: Warehouse World

A trolley is also defined in the simulation to replicate the attachment and detachment of the load
with the robot as in the case of a real warehouse. The 3D model of the trolley was obtained from the
internet, then the model mesh was extracted from the 3D model. In simulation the trolley is defined
using a separate SDF, the inertial properties of the trolley utilize the actual physical properties of the
robot, while the collision and the visual properties utilize the original mesh files. This trolley’s model
is loaded with other models in the warehouse world. The location of the trolley in the warehouse
world can be changed by modifying the pose of the trolley in the warehouse sdf. The final trolley

model is shown in figure 4.

- B “\\
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Figure 4: Trolley Model
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Robot Control:

Once the robot’s design is finalized in SDF, the next stage involves implementing its drive and control
systems within the simulation environment. Control is achieved through the ROS2 framework, which
facilitates communication between the user’s control commands and the robot’s simulated actuators

and sensors in Gazebo.

Robot control is achieved using ROS nodes. Nodes are executables that utilize ROS to communicate
with other nodes. In this case, all the nodes are defined using python, the nodes defined for this

simulation are described below:

e Velocity Control Node: This node is responsible for commanding the robot’s movement. It
publishes velocity commands (linear and angular) to the cmd velocity topic which is defined
inside the differential drive plugin, which are then transmitted to Gazebo via the ros-gz bridge.
The velocity commands are interpreted by the differential drive plugin in the simulation, which
adjusts the rotational and linear speed of the left and right wheel sets to achieve the desired
motion. The robot motion can be controlled using keyboard keys, the keyboard keys for

movement of the robot in different directions are defined inside the node.

e Sensor Data Publisher Node: This node continuously publishes the data generated by the
robot’s simulated sensors, including the LiDAR point clouds, camera images, and IMU readings.
Similar to the control commands, the sensor outputs are transmitted from Gazebo to ROS 2
through the ros-gz bridge. Once in ROS 2, the data can be processed, stored, or visualized

using tools such as Rviz.

e Attach Detach Key Control: This node is defined to dynamically attach and detach the trolley
to the robot as per requirement during simulation. This node utilizes the detachable joint
plugin defined inside the robot’s sdf. The robot can be attached and detached using keyboard
keys defined in the node. When the command is sent using keyboard keys, it is published on
the ros topics defined for attachment and detachment; those commands then travel to the
gazebo using the ros-gz bridge. This node also measures the distance between the robot and

the trolley and the attachment is only possible when the robot is really close to the trolley.

Apart from the nodes described above, some other nodes are defined too which are not necessary
for the control of the robot but enhance the functionality of the robot. These nodes are described

below:
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e Lidar Merger: Since the robot is equipped with two lidars, one at the front and one at the
back, this node is defined to merge the output of the two lidars when visualizing in RViz. This
node publishes the output of both the lidars on a single topic, so their output can be visualized
simultaneously and in this way provides a more realistic perception of the environment.

e Camera Stitcher: Similar to lidars, this robot is equipped with multiple cameras (six in total,
one at the front, one at the back and two on each side), this node is defined to merge the
output of all the cameras in a single view and publish the output to a single topic. When the
output is visualized in the RViz, you get the complete 360 degree view of the robot

surrounding in a single view.

The ros-gz bridge acts as the middleware enabling seamless bidirectional communication between
ROS 2 and Gazebo. It ensures that messages published in ROS 2 are correctly translated into Gazebo’s

internal message format and vice versa.

Apart from the nodes and the SDFs, another important thing necessary for this simulation to work are
launch files. The launch file is used to launch the simulation in gazebo. In this case, the launch file is
defined in python, it launches the gazebo, then it loads the warehouse world and then parses the
robot model into the simulation. It also launches the ros-gz bridge described earlier which bridges the

ros and gazebo topics.

3.2 Testing & Validation

The performance metrics were designed to evaluate how accurately the simulated robot replicated
the behavior of the real robot. This assessment included verifying stable teleoperation and reliable
sensor outputs. The robot’s stability was tested at various speeds to observe its dynamic response.
Simultaneously, data from integrated sensors including cameras, lidars, and the IMU were monitored
to ensure consistent generation and accurate representation of the robot’s position and its
surrounding environment within the simulation. The sensor data proved dependable and realistic,

indicating potential for use in advanced applications such as navigation and mapping.

In terms of control performance, the robot operated smoothly at higher linear and angular speeds;
however, its response was noticeably sluggish at lower speeds. This lag may be attributed to the
Gazebo physics engine struggling to manage multiple sensors, plugins, and models simultaneously, or

to limited computational resources on the host system.
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3.3 Safety & Compliance

Since the project was conducted within a simulated environment, inherent operational risks
associated with physical robotics testing,such as equipment damage, personnel injury, or
environmental hazards,were eliminated. However, safety in the context of simulation was still
addressed by ensuring stable robot behavior, preventing unrealistic or uncontrolled motion during
teleoperation, and validating that all sensor outputs functioned as intended. The modular
architecture also allowed for isolated testing of subsystems, reducing the likelihood of cascading
failures during integration. These measures ensured a controlled and reliable testing process
throughout development.

While the simulation is not subject to formal regulatory frameworks, it was designed to closely
replicate the original robot’s behavior and adhere to the same safety parameters required for its
physical counterpart. This approach ensures that future transitions from simulation to a real-world

robot can be achieved more seamlessly, without introducing unforeseen safety risks.
4. Impact & Performance Evaluation

4.1 Key Success Metrics

To measure the impact of the project, some key success parameters were set up in the planning
phase, which served as the foundation for development and quality control. The primary success

metrics included:

1. Accuracy of Robot Behavior:The degree to which the simulated robot’s motion, response, and

control matched the performance characteristics of the physical ABB robot.

2. Teleoperation Stability:The ability to control the robot smoothly and precisely at varying

speeds without instability, drift, or delayed responsiveness.

3. Sensors Reliability:Consistency and accuracy of outputs from integrated sensors such as
cameras, lidars, and the IMU, ensuring they reflected the robot’s environment and positioning

accurately.

4, System Integration Robustness:The stability of the complete system when all motion, sensing,

and environmental interaction plugins were active simultaneously.

5. Ease of Reproducibility:The ability for external teams to set up and run the simulation using
the provided configuration files and documentation without requiring extensive technical

troubleshooting.
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6. Scalability for Future Use:The framework’s capacity to be extended for advanced applications

such as mapping and autonomous navigation.

These success metrics not only addressed technical functionality but also aligned with the project’s
broader objective of enabling accessible, collaborative robotics development in an open-source

environment.

4.2 Results & Efficiency Gains

The outcomes of the project demonstrated strong alignment with some of the parameters described
above but also highlighted aspects which still have room for improvement and would require further

work for more realistic implementation. The detailed results are described below:

Results Achieved

e The project successfully achieved an accurate representation of the robot’s physical structure
and features within the simulation environment. Core functionalities such as movement,
perception, and interaction with the environment were replicated to a satisfactory degree,

ensuring a realistic and functional virtual model.

e The simulated sensors, including cameras, lidars, and the IMU, produced consistent and
realistic data outputs. These sensor outputs demonstrate strong potential for use in future
developments, such as implementing advanced navigation, mapping, or perception

algorithms.

e During teleoperation, the robot exhibited controlled and stable movement. However, at lower
speeds, the motion appeared slightly laggy, indicating an area that would benefit from
optimization before practical deployment. This issue may be related to simulation physics

limitations or computational constraints.

e The dynamic attachment and detachment of the trolley with the robot functioned effectively,

closely replicating the real robot’s behavior in terms of mechanism and responsiveness.

e Additionally, the simulation framework was designed with modularity in mind, allowing
independent testing of various subsystems. This flexibility enables the seamless integration of
new sensors, control strategies, or robot configurations, supporting ongoing development and

system enhancement in future work.
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Efficiency Gains

If this project is further developed to a stage where it can be practically implemented, it would offer
substantial advantages in terms of cost efficiency, development time, and safety. By reducing the
need for repeated physical testing, the simulation environment would significantly cut expenses
related to wear-and-tear, consumables, and the use of dedicated testing facilities. It would also
enhance time efficiency, enabling developers and researchers to evaluate designs, algorithms, and
configurations instantly without relying on the availability or maintenance of physical hardware.
Furthermore, transitioning to an open-source platform would promote collaborative accessibility,
allowing industry professionals and academic researchers to freely share resources, thereby
accelerating innovation and development cycles. Most importantly, the virtual testing setup would aid
in risk mitigation by allowing potential design flaws, control instabilities, and sensor misconfigurations
to be detected and resolved before real-world implementation, ensuring safer and more reliable

operation.

4.3 Challenges & Solutions

The development of the simulation framework was not without its technical hurdles, each of which
required careful analysis and a structured problem-solving approach. One of the most significant
challenges was replicating the real-world physics of the ABB mobile robot within the simulation
environment. While the physical robot’s mechanical specifications are well-defined in its
manufacturing documentation, certain parameters such as exact mass distribution, moment of
inertia, and damping coefficients, were difficult to translate directly into simulation terms. Ignition
Gazebo interprets and applies physical properties in a way that differs from real-world mechanical
design conventions. As a result, the initial iterations of the robot model exhibited instability, such as
unrealistic acceleration and drift during motion. This issue was addressed through a process of
iterative refinement: parameters were adjusted incrementally, tested in controlled scenarios, and

validated against the expected behavior of the real robot.

The kinematic drive configuration of the real robot was not perfectly replicated, instead a simplistic

differential drive model was used. This was due to time limitations with the implementation.

Another major obstacle arose in synchronizing the multiple sensor data streams within ROS2. The
robot model was equipped with several data sources, including cameras, lidars, and an IMU, all of
which needed to produce consistent, real-time information. In the early stages, discrepancies in
timing and occasional data delays caused mismatches between the robot’s perceived environment

and its actual simulated position. To address this, the ROS—Gazebo bridge was configured with precise
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topic settings and carefully tuned update rates. A methodical testing approach was employed in
which each sensor was first validated independently, ensuring correct calibration and consistent
output. Once individual sensors were confirmed to operate reliably, they were integrated gradually

into the complete system, which eliminated the timing conflicts that had previously caused instability.

Another challenge emerged from the complexity of integrating multiple Gazebo plugins that handled
different aspects of the robot’s functionality. The simulation relied on separate modules for
differential drive motion control, camera imaging, lidar scanning, and environmental interaction.
Although these plugins were individually functional, running them concurrently sometimes
introduced conflicts that affected system performance. To mitigate this, the development process
adopted a modular integration strategy. Each subsystem was implemented and tested in isolation,
with compatibility checks performed before combining them into the unified architecture. This
approach not only reduced troubleshooting time but also improved the overall stability of the final

simulation.

Lastly, the limited availability of proprietary design data imposed constraints on the degree of exact
replication possible. Certain mechanical specifications, and sensor characteristics used in the real ABB
robot were unavailable.As a result, certain aspects of the model were based on informed
approximations drawn from previously available resources, open-source datasets, and empirical
observations. While this limitation meant that the simulation could not match the physical robot with
absolute precision, it was designed to be adaptable,ready to incorporate updated specifications if and

when they become available.

Through this combination of iterative refinement, methodical subsystem validation, modular
integration, and adaptability to incomplete data, the project was able to overcome its primary
technical challenges. The resulting simulation is both realistic in operation and robust in design,
providing a strong foundation for further research, development, and deployment in real-world

robotics applications.
5. Conclusion & Future Work

5.1 Key Takeaways

The project developed a fully functional simulation of an ABB mobile robot in an open-source
environment, replicating essential operational capabilities such as teleoperation, sensor integration,
and environmental interaction. Key learnings include the importance of modular design, iterative

refinement of physical parameters, and careful calibration of sensor streams. The project
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demonstrated that open-source frameworks can effectively replicate proprietary robot behavior while

offering significant flexibility, accessibility, and collaboration potential.

5.2 Scalability & Potential for Expansion

The simulation framework is inherently scalable and adaptable. It can be extended to accommodate
different robot models, additional sensors, or adding control algorithms without major redesign. This
adaptability opens opportunities for broader industrial applications, including autonomous
navigation, warehouse automation, and robotic research and development. By providing a low-cost,
safe testing environment, the framework also supports academic-industry collaboration, enabling

faster innovation cycles and commercialization of new robotic solutions.

5.3 Recommendations for Further Development

For future work, main topic would be accurate modelling of the robot drivetrain configuration. Efforts
should also be directed towards integrating autonomous navigation and advanced mapping
techniques into the robot model. This would enable the robot to operate more independently and
perform complex tasks in dynamic environments. To further strengthen its perception capabilities,
additional sensors,such as multiple cameras or alternative modalities like depth sensors,could be
incorporated. Moreover, the simulation itself could be improved by introducing more detailed
physical and dynamic properties, such as refined mass and inertia parameters, realistic friction
coefficients, and accurate material characteristics. These enhancements would significantly increase

the fidelity of the simulation, making it a closer representation of real-world behavior.

5.4 Efficiency Improvements

Efficiency can be enhanced by refining both the simulation environment and the overall development
workflow. A primary area of focus should be improving the robot’s teleoperation performance to
ensure consistent and smooth behavior across all speed ranges without noticeable lag or delay. This
can be achieved by optimizing the system’s responsiveness and minimizing computational overhead

within the simulation.

Additionally, incorporating more robust calibration and parameter-tuning techniques would
significantly improve accuracy and stability. Systematically fine-tuning parameters such as friction,
inertia, and contact dynamics can lead to a more realistic and computationally efficient simulation,

reducing reliance on repetitive trial-and-error adjustments.
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Collectively, these enhancements would lower development time and costs while ensuring that the
simulated robot more closely replicates real-world performance, ultimately supporting faster and

more reliable robotic system design and testing.
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6. Appendices

A: Technical Diagrams & Flowcharts
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