
ROS and Unity Based Framework for
Intelligent Vehicles Control and Simulation

Ahmed Hussein1, Fernando Garcı́a1 and Cristina Olaverri-Monreal2 Senior Member IEEE

Abstract— Intelligent vehicles simulations are utilized as the
initial step of experiments before the deployment on the roads.
Nowadays there are several frameworks that can be used
to control vehicles, and Robot Operating System (ROS) is
the most common one. Moreover, there are several powerful
visualization tools that can be used for simulations, and Unity
Game Engine is on the top of the list. Accordingly, this
paper introduces a methodology to connect both systems, ROS
and Unity, thus linking the performance in simulations and
real-life for better analogy. Additionally, a comparative study
between GAZEBO simulator and Unity simulator, in terms of
functionalities and capabilities is shown. Last but not least,
two use cases are presented for validation of the proposed
methodology. Therefore, the main contribution of this paper
is to introduce a methodology to connect both systems, ROS
and Unity, to achieve the best possible approximation to vehicle
behavior in the real world.

I. INTRODUCTION

There are various tools to study the effect of in-vehicle
systems or new vehicular technologies on road users behav-
ior. Simulation technologies are used to validate algorithms
and identify potential problems before real-life experiments,
thus avoiding issues due to software aspects in the imple-
mentation. Driving simulators represent a model of a real
environment and are ideal platforms to evaluate upcoming
technologies without jeopardizing road safety. Furthermore,
they make it possible to develop controlled experiments that
provide insights into what can be improved and adjusted.

Autonomous vehicles, as machines being capable of ac-
complishing actions automatically without human interven-
tion, can be considered as robots and as such, there are sev-
eral frameworks that can be used to simulate their automated
features. An example of them is the open source based Robot
Operating System (ROS), which provides libraries and tools
to support the creation of robot applications. On the other
hand, the Unity 3D game development platform provides an
open source environment, which makes it possible to develop
and easily modify graphical environments.

There are several attempts towards the link between ROS
and Unity, for different and specific purposes. In 2013,
authors in [1] introduced Unity-Link protocol, which is
a stream-oriented, layered and componentized design. The
link was through Python scripts to send and receive data
over TCP/IP sockets, however a detailed analysis of the
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performance was not available, since it was out of their
scope. Later in 2014, authors in [2] proposed a methodology
to connect from ROS to Unity, to send data over TCP/IP
sockets. This was the first attempt to utilize rosbridge library
[3], which was responsible for taking JSON [4] strings and
converting them to ROS messages, and vice versa. They
verified their approach through leveraging a mobile robot
via virtual environment display and interaction in Unity.

On the other hand, in 2015, authors in [5] presented a 3D
simulation system for miniature unmanned aerial vehicles.
The exchange of data packets between the Unity server
and the ROS client was achieved by TCP/IP protocol. On
the client side, a ROS node was developed unitysocket,
which communicates to the preset IP address of the Unity
server. Authors validated their approach through various
experiments and proved the ability to glue ROS and Unity
together for near real-time Unmanned Aerial Vehicles (UAV)
simulations [6]. In 2017, authors in [7] presented several
scripts which establish the connection and allow for invoking
ROS services. The objective was to monitor and control
industrial robotic arms and the approach was validated with
satisfactory results.

Also in 2017, authors in [8] proposed a connection mech-
anism to bind ROS and Unity for virtual reality applications.
The link was again through rosbridge library, utilizing
both JSON and BSON strings and converting them to ROS
messages. The results from this approach were validated
using human-robot interaction in a virtual reality simulator.
The idea of rosbridge library to connect ROS and Unity
obtained the best results, therefore Michael Jenkins created
unityros library [9]. This Unity library was implemented
to send and receive data from and to TurtleBot [10]. Then
the library was enhanced in [11] to include more messages
and move one step closer to the generalization of the usage
independent from the platform[12].

We introduce in this paper a generic methodology to
connect both systems, ROS and Unity. The approach was
tested using intelligent vehicles, to achieve the best possible
approximation to vehicle behavior in the real world. Addi-
tionally, a comparative study between GAZEBO simulator
and Unity simulator, in terms of functionalities and capabil-
ities is described.

The remainder of this paper is organized as follow; Section
II introduces briefly ROS framework, and Section III intro-
duces briefly Unity Game Engine. The methodology to use
Unity as a simulator for ROS-based applications is presented
in Section IV. Afterward, to validate the proposed work,
two uses cases were examined and discussed in Section V.
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Finally, Section VI concludes the paper and presents possible
future work.

II. ROS FRAMEWORK

ROS stands for robot operating system, which is an
open source programming framework for robotics, whose
development began in the late 2000s at Stanford University
and Willow Garage [13]. To better understand its benefits,
let’s consider how robotics projects were developed before
ROS existed. The kinds of commercially available systems
have historically involved software control systems that were
proprietary and highly specialized for their intended tasks.
Each system was different, therefore lack standardization,
and as a result suffered from long development times.

ROS changed this by a framework for developing a
software that facilitates and even encourages the sharing and
reuse of good ideas. The goal was not to have one general
purpose software programming framework that will solve all
the problems with robotics development. However ROS has
maximized the utility of having open source programming
framework, by addressing many of the common problems
robotic developers face.

ROS framework can be classified into several modules, as
depicted in Figure 1. It enables modular software develop-
ment by providing a library of reusable code packages that
are free and available. ROS also provides a run-time envi-
ronment that supports near real-time communication between
system elements and data sharing. Moreover, ROS provides
programming standards, which are useful for creating and
using ROS supported codes in a repeatable and reliable way.
There is also a suite of ROS development tools that are
helpful in monitoring, troubleshooting and visualizing the
system. Furthermore, ROS has a vibrant community of tens
of thousands of users and contributors all over the world.
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Fig. 1. ROS framework modules

III. UNITY GAME ENGINE

Unity Technologies released the very first version of Unity
in mid 2005 targeting only OS X development [14], since
then, Unity has developed and upgraded the support to
more than 25 platforms including virtual and augmented
reality. Unity is a platform independent game engine, where
games are created by manipulating 2D or 3D objects and
attaching several components to them. It has a powerful
PhysX physics engine, render engine, collision detection
engine among others. Furthermore, it supports high-fidelity

3D environments and allows sensors modeling [15]. Unity
engine utilizes a standard mesh for the game object, which
includes the location of all vertices of the object shape. This
allows the physics engine and collision detection engine to
enhance the authenticity and realism for the behavior of
the dynamic game objects in the simulator. Moreover, Unity
render engine provides several shaders and graphics effects
to enhance the authenticity and realism for the 3D virtual
environment [16].

Furthermore, Unity has a wide range of online tutorials,
which facilitates getting started with the development from
day one. Unity has a well-documented API, along with an
engaged vibrant community. Unity provides the opportunity
to modify the virtual environment using an editor, or by
manipulating it directly in the game window. It also provides
a scripting language for the developer to define behaviors and
controllers.

Based on the comparison of different game engine [17],
Unity is a feature-rich and highly flexible editor. As shown
in Figure 2, it is characterized by all-in-one editor, where it
is possible to implement the project on any operating system,
additionally it supports 2D and 3D development with features
and functionality needs across genres. Moreover, it has an
advanced AI path-finding tools, which includes a navigation
system that allows to create Non-Player Characters (NPCs),
which can intelligently move around the virtual environment.
Another feature is the rapid iteration, where play mode is
used for rapid iterative editing and the alterations in the
scripts are viewed instantly. Finally, Unity has a vibrant de-
veloper community, with thousands of threads for developers
to share their ideas, suggestions, information and queries.
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Fig. 2. Unity game engine features

IV. ROS AND UNITY LINK

In this section, the proposed ROS bridge libraries, for both
ROS and Unity ends, are defined; followed by an explanation
on the system integration through a simple example.

A. ROS Bridge Library

Libraries are required for linking the two architectures,
ROS and Unity, which must be implemented in both ends.
Figure 3 depicts the simplified general overview of the
link, where the ROS framework is on the left side, with
all nodes that one might have in the system, in addition
to a unity node, which acts as the link to subscribe and
publish messages through the rosbrdige node from and to



Unity. Whereas Unity game engine is on the right side,
with all scripts one might have in the system, in addition to
ros script, which acts as the link to subscribe and publish
messages through the rosbridgelib library from and to ROS.
All transmitted messages between the two architectures are
formatted as JSON. The detailed methodology for each
architecture is described as follows.
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Fig. 3. ROS and Unity link general overview

1) For ROS Framework: the rosbridge library [3] is
utilized. rosbridge library provides a JSON API to ROS
functionality for non-ROS programs. It is a Python library
responsible for taking JSON strings and converting them to
ROS messages, and vice versa. In this approach, WebSocket
server was selected as the front end, where rosbridge
server accepts WebSockets connections and implements the
rosbridge protocol. Therefore, after the installation of the
library, launch the rosbridge websocket node from the
rosbridge server package, after adjusting the WebSocket
IP and port number. Afterward, in the unity-node, subscribe
to the messages from Unity and publish messages to Unity
based on the application needs. Since the library is integrated
as part of the ROS framework, it accepts any kind of standard
or custom messages defined in the package dependencies.

2) For Unity Engine: The rosbridgelib library [12] is uti-
lized. This library is to be included in the Unity project assets
folder, where it must be imported in the ros − script file.
This is the main file, which setups WebSockets connection to
connect to the same IP and port number, which are adjusted
by the rosbridge websocket at the ROS end. Once the
connection is established, it defines the Unity publishers and
subscribers. Furthermore, the Update() function provides a
mechanism for the callbacks on the rendering thread and
deserializes JSON data into appropriate instances of packets
and messages. The library does not support every ROS
message, the currently available ones are:

• std msgs
• geometry msgs
• sensor msgs
• nav msgs
• geographic msgs
• auv msgs

However, in the case of the necessity of new messages or
custom messages, to create the script files for these messages,
and include them in the library folder is straightforward.

B. System Integration Example

For the system integration, a full example in both ends,
ROS and Unity is developed in [18]. The repository holds a
ROS package with the unity−node, in addition to the Unity
project with the ros − script. The Unity project is based
on the introduction tutorial example ”Roll-a-ball”, where the
objective is to control a ball on a board with the keyboard
arrows to collect moving cubes, as shown in Figure 4.

Fig. 4. Roll-a-ball Unity Game

Figure 5 describes the architecture of both ends. On the
one hand, in the ROS end, the unity − node publishes the
desired speed of the ball and the desired pose of the ball
to be. Additionally, unity − node subscribes to the current
pose of the ball. All the topics are subscribed and published
by the rosbridge node and convert from and to JSON data
to be sent to Unity. On the other hand, in the Unity end, the
rosbridgelib convert the incoming and outgoing JSON data
for the link with ROS, where the ROSController script is
the main script for the initialization of the connection and
handling the subscribers to the ball desired pose and desired
speed, along with the publisher for the ball current pose.
Therefore, this ensures the ability to control the ball motion
in Unity through ROS node.
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Fig. 5. Roll-a-ball architecture for both ROS and Unity

This simple example is to show how the architecture
works, however, for validation of the proposed methodology,
two uses cases were selected and presented in the next
section.

In order to integrate the package to the system, the
procedure is as follows, validated by the example repository
available in [18].

C. In ROS

First, install the rosbridge−suite [3] to the system. Then,
create a new node responsible for the communication with



Unity. In the main loop of the node, define the necessary
subscribers for the messages published by Unity, and the nec-
essary publishers for the messages published to Unity. In the
callback of the subscribers, execute the necessary functions
to use the data from Unity accordingly. To run the package,
create a launch file, which includes the rosbridge server
node and the implemented communication node. A configu-
ration file is optional, to choose the communication port and
other parameters.

D. In Unity

First, clone the rosbridgelib [12] as sub-module to the
project assets. Then, create a new script responsible for the
communication with ROS. The script class must inherit the
MonoBehaviour, and in the Unity Start() function ini-
tialize the ROSBridgeWebSocketConnection parameter
with the rosbridge server IP address and port. This ensures
the link through the WebSockets, either using the same
machine, e.g. localhost, or using different machines in the
same network. Afterward, add the necessary subscribers for
the messages published by ROS and the necessary publishers
for the messages published to ROS. Each subscriber or
publisher requires a separate script, which is discussed below.
Last step is to execute the Connect() function to initiate the
subscribers and publishers. It is worth-noting, to include the
Disconnect() function in the Unity OnApplicationQuit()
function, in order to discontinue the flow of messages.

In the Unity Update() function, first the Render()
function is executed, in order to refresh the incoming
and outgoing messages. Followed by the code portions
to update the parameters for publishing to ROS. Later
on, for each implemented subscriber, the class must in-
herit ROSBridgeSubscriber, where the message topic
is defined, the message type, the parsing function using
JSONNode, and finally the callback function. On the other
hand, for each implemented publisher, the class must inherit
ROSBridgePublisher, where the message topic is defined,
the message type, the parsing function using JSONNode,
and finally the parsing function using the message type.

V. VALIDATION USE CASES

Two use cases were selected for validation of the proposed
methodology to generically link ROS and Unity. The first use
case is using the mobile robot TurtleBot simulator, and the
second one is using 3DCoAutoSim driving simulator.

A. TurtleBot

TurtleBot is a series of inexpensive robots developed
specifically for ROS. The first TurtleBot prototype was
created by Willow Garage in 2010. Willow Garage is a
group that develops hardware and open source software
for robotic applications. TurtleBot name comes from the
ROS tutorial simulator, which was named after the cursor
name of the Logo software. TurtleBot2 was released in 2012
and TurtleBot3 in 2017 [10]. TurtleBot3 designs are clearly
smaller than the previous TurtleBots. TurtleBots included
an embedded computer, which was replaced by TurtleBot3

single PCB computer, Raspberry Pi 3 [19]. The robot has
also been made very modular, as the whole frame has built-
in screws for easier mounting [20]. TurtleBot3 is available
as two models; ”Burger” is smaller, and ”Waffle” is larger.
The models chassis consists of identical mounting plates,
but have different components. The most technical difference
between the models is the 3D camera included in ”Waffle”
TurtleBot3 [21], both platforms are shown in Figure 7.

Figure 6 shows the designed environment of dimensions of
6×9 meters. The red-filled circles simulate the possible target
locations to reach by each of the platforms. The environment
on the left was created in GAZEBO [22], while the one on
the right was created in Unity. The connection of the platform
functionalities in GAZEBO are straight forward, since the
platform is supported by the simulator. On the other hand, for
the Unity simulator, the proposed libraries were utilized to
link the platform ROS-based environment with the designed
simulator, to publish the lidar and position data from Unity,
at the same time to subscribe to the planning and control
commands from ROS.

The platforms performed SLAM to generate the static map
of the environment using the on-board lidar scan. The five
tasks and three platforms represent a small-scaled problem,
after executing the solving algorithm presented in [23], the
obtained results are reported in Table I.

TABLE I
TURTLEBOT3 ALLOCATION RESULTS

Best Allocation
Cost [m]

Average Comp.
Time [s]

Deviation
Error [%]

12.76 1.04 3%

B. 3DCoAutoSim

3DCoAutoSim is an abbreviation for ”3D Simulator for
Cooperative Advanced Driving Assistance Systems (ADAS)
and Automated Vehicles Simulator”. It is a vehicle driving
simulator with high-quality 3D visualization based on Unity,
which makes it possible to emulate a variety of environments.
The simulator is an extension of the capabilities presented
in [24], where a driver-centric driving platform visualized the
mobility behavior of other vehicles based on traffic models
and a TraCI protocol allowed communication between Unity
and the microscopic traffic simulator Simulation of Urban
MObility (SUMO). And the work in [25], which calculated
the optimal speed while approaching an intersection by
retrieving the traffic light timing program from the road
infrastructure, namely Traffic Light Assistance System. Fi-
nally, the work in [26], in which Vehicle Ad-hoc Networks
(VANET) communication capabilities were used to assess
different information paradigms. The simulator is imple-
mented using Unity since it is a powerful 3D visualization
tool, which is platform independent and has a strong physics
engine. The simulator architecture hierarchy is divided into
several categories; environments, scenarios, features, outputs,
devices, and mode.



(a) GAZEBO based simulation (b) Unity based simulation
Fig. 6. TurtleBot3 platforms simulated environments

Fig. 7. TurtleBot3 platforms Burger (left) and Waffle (right) [20]

Connecting the simulator with the ROS framework is an
advantage, in order to link the the emulated world with the
real world vehicles controllers. The connection integration is
based on the proposed library to publish and subscribe to as
many topics as required for the desired objective, for instance
automated driving. Therefore, a comparison was carried out
to validate the connection by controlling the vehicle using
ROS packages.

In order to manually control the vehicle in the simulator,
a Thrustmaster T500 RS controller is used as the steering
wheel, in addition to its throttle, brake and clutch pedals, and
the TH8 RS gear shifter, as shown in Figure 8. The controller
is connected to a car play seat, to simulate a real vehicle
and the simulator visuals are displayed using overhead HD
beamer with resolution of 1400x1050, in addition to a five
point one surround sound system.

Based on the work presented in [27], the selected scenario
was the surroundings of the University of Applied Sciences
Technikum Wien, in the city of Vienna. The trajectory was a
total distance of 2.6 km, which included intersection, traffic
lights, a roundabout and pedestrians crossing. In order to
evaluate the functionality and efficiency of the ROS con-
troller, two evaluation metrics are calculated for the vehicle
position to self-drive the desired path and compare it to the
theoretical path obtained from the path planning algorithm
presented in [28].

Figure 9 depicts the trajectory by the vehicle for one of
the carried-out experiments, where the green point represents
the starting position, and the red point represents the final
position. The ROS controller path tracking delivered the best
results in terms of deviation from the lane center. This was

due to the fact that it relied on the Ackermann modeling for
the simulation of kinematic and dynamic parameters [28].
These experiments validated the functionality and efficiency
of the proposed approach to link Unity and ROS together
for the best outcome.

VI. CONCLUSION

The technological advances in the Intelligent Transporta-
tion Systems (ITS) are exponentially improving over the
last century. The objective is to provide intelligent services
for the different modes of transportation, towards a better,
safer, coordinated and smarter transport networks. However,
to test all possible outcomes in the development of automated
vehicles, a simulator is required that emulates vehicles and
linked to the controllers and provides a linking device,
system, framework. Accordingly, this paper introduces a
method to connect a powerful simulation tool, Unity game
engine, to the Robot Operating System (ROS) framework.

The proposed approach utilizes libraries in both sides.
Each library is based on JSON API to encode and decode
messages across the different software using WebSockets.
Several experiments were carried out for validation of the
proposed work on different platforms in the context of ITS.
The results show the viability of the proposed approach
to emulate ideal conditions. While the proposed approach
obtained successful results, there were some aspects of the
problem that were assumed for simplification. These assump-
tions could be addressed in the future work, to increase the
reliability of the approach.
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