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Abstract.  Simulation plays a significant role in development 
and deployment of robotics systems. Depending on the 
planned tasks, different functionalities shift into focus. For 
mobile robotics systems using the Robot Operating System 
(ROS), Gazebo has been the goto solution for simulating be-
havior, sensors, and interaction with environments for many 
years. With the availability of numerous novel solutions, a 
comparison of the different strengths from a use-case per-
spective becomes necessary. 
In our paper, we compare Gazebo and NVIDIAs Isaac Sim in 
the context of ROS-based autonomous mobile robots. Spe-
cial attention is given to the integration of the simulators in 
the ROS-environment and their ability in regards to sensor 
simulation. This paper aims to provide a comparison between 
different features in Gazebo and NVIDIA Isaac Sim for simu-
lating mobile robots and sensor systems. 

Introduction
Robotic systems play a significant role in addressing the 
challenges of future production. Tasks like handling, sep-
aration, identifikation and transportation need to be auto-
mated to enable sustainable productivity in globalized 
markets. Simulation plays a significant role in develop-
ment and deployment of robotics systems to reduce the 
risks of misfitting and delays in ramp up. In light of these 
developments, different companies from tech business 
sectors have recently begun to focus on robotics as well 
as interlocked technologies to challenge existing solu-
tions in the field and to open up new markets. Especially
in the area of simulation of mobile robotics new frame-
works with a focus on photo-realistic presentation 
emerge.

NVIDIA is well known for its graphics processors, 
but is also pushing towards AI as well as autonomous ve-
hicles and robots in recent years. With Isaac Software 
Development Kit (SDK) and Isaac Sim, they develop a 
new solution for simulation addressing their Jetson plat-
form. Since 2018, NVIDIA has further developed 

NVIDIA Isaac Sim (NIS) to support robots based on the 
Robot Operating System (ROS) and to use NVIDIA Om-
niverse as its platform. 

The current go-to solution for simulating ROS-based 
robots is Gazebo, an open-source solution being under 
development since 2001. [1] Gazebo – developed by the 
Open Source Robotics Foundation (OSRF) - has reached 
its last major release in 2020 and is currently transferred 
to a new software foundation called “ignition”. Gazebos 
main focus is set on realistic physics simulation as well 
as digitally replicating sensor systems. Gazebo's role as a 
go-to solution in science and software development is re-
flected both in the number of publications found using 
the search term "Gazebo ROS" in the IEEE database and 
in Google search engine trends. Alternatives, such as Ro-
boDK, SimSpark or Copellia Sim do not reach the popu-
larity of Gazebo. Nvidia Isaac Sim has yet to be focussed 
in a scientific publication, however Google search trends 
show a significant increase in interest since January, 
overcoming most of the other simulation frameworks.

With novel solutions for robotics simulation slowly 
reaching maturity, a comparison between established 
software and newcomers is necessary to aid future devel-
opers. In our paper we compare Gazebo and NIS in the 
context of mobile, ROS-based robotics to achieve a use-
case comparability. In chapter 1, the two simulation 
frameworks are detailed and a general comparison of fea-
tures is done. In chapter 2, the applicability and features 
of both systems to use cases in mobile robotics is exam-
ined. In chapter 3, the real-world accuracy of both simu-
lation environments is tested with different tasks repre-
sentative for mobile robotics systems. A discussion of 
strengths and weaknesses is presented in chapter 4 before 
chapter 5 finishes with an outlook upon further improve-
ments.

Disclaimer: All statements refer to Gazebo 9.16 and 
NIS version 2021.2, which are the latest version at the 
time of writing, and might not apply in later versions.
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1 Comparison of features 
Isaac Sim is a simulation suite with focus on photo-

realistic presentation of simulated environments in con-
junction with NVIDIAs hardware systems. Comparable 
with other visually focused frameworks like Unity [2], its 
strength lays in graphic representation rather than physics 
and behavior simulation. [3] Gazebo is a three-dimen-
sional multi body simulation with a strong focus on the 
physical properties of materials and the modeling of 
physical effects. 

1.1 Hardware requirements 
The hardware requirements for Gazebo are low for to-
day’s standards. The OSRF specifies an Intel i5 (no spec-
ified generation) or equivalent CPU, a dedicated GPU 
and at least 500 MB free disk space. [4]  

NIS has significantly higher requirements: As a min-
imum, an Intel i7 7th gen. or equivalent CPU, 32 GB of 
RAM, SSD Storage and a GeForce RTX 2070 GPU are 
required. [5] Without an RTX™ GPU by NVIDIA, NIS 
respectively the RTX™ renderer will not run. NIS there-
fore poses a much higher entrance barrier on the hard-
ware side than Gazebo. 

1.2 Degree of physics simulation 
Gazebo offers four different physics engines: Open Dy-
namics Engine (ODE), Bullet, Dynamic Animation and 
Robotics Toolkit (DART) and Simbody. [6] NIS uses 
Nvidias PhysX engine, which originally was developed 
for computer games. 

A 2015 paper found PhysX to be fast, but sometimes 
lacking in real world accuracy compared to Bullet and 
ODE. [7] Since then, NVIDIA has continuously worked 
on their physics engine, including an announcement to 
incorporate the needs of robotics simulation in 2018. [8]
To date there is no specific research in performance and 
truth to reality of the different engines.  

One major task of simulation is description of multi-
body systems. In the following we will compare the joint 
types available in Gazebo and the joint types available in 
NIS. Both programms provide essential standard types of 
joints by their file formats. Those are rotational joints in 
one or two degrees of freedom (dof), geared rotational 
joints, linear and fixed joints. Both simulators allow add-
ing limits to those, although to a different extent. While 
Gazebo requires adding a different joint type to imple-
ment limits, NIS enables the users to add limits in the 

properties of the joint, which is more intuitive to the user.
In addition to those, each software has more special 

types. Gazebo additionally offers the “revolute2” joint – 
two serially coupled rotational joints – and a “screw” 
joint, which couples linear and rotational movement in 
one axis. NIS additionally offers three joints: Firstly, a 6-
dof joint, which allows movement in all three linear and 
rotational axes, which can be limited. Secondly, a “dis-
tance” joint, which is only limited by the distance be-
tween the two connected bodies. Thirdly, a “rack-and-
pinion” joint, which translates between rotational and lin-
ear movement, including a gear-ratio. Table 1 provides 
an overview over the mentioned joint types in each soft-
ware. [10,9]

Joint type Gazebo NIS 
Rotational (1-dof) Yes Yes 
Rotational (2-dof) Yes Yes 
Rotational (geared) Yes Yes 
Rotational (serial) Yes No 
Linear (1-dof) Yes Yes 
Fixed Yes Yes 
Screw Yes No 
6-dof No Yes 
Distance No Yes 
Rack-and-Pinion No Yes 

Table 1: Comparison of available joint-types in Gazebo and NIS 

In NIS, non-geared joints can also be transferred into “ar-
ticulations”, which NVIDIA claims to behave more ac-
curately than traditional simulated joints. [10]

Gazebos physics library supports aerodynamics and 
hydrodynamics which allows third party plugins to ex-
tensively simulate unmanned aerial vehicles (UAVs) and 
unmanned underwater vehicles (UUVs). [12,11] NIS 
does not support this and is therefore currently no alter-
native for those domains of robotics.

1.3 Graphics simulation 
A field where NIS outdoes Gazebo literally on first look 
is the graphics simulation. Graphics is where Ga-
zebo/OGRE start showing their age, while NIS shows its 
roots at NVIDIA and their profound experience in com-
puter graphics.

Gazebo utilizes “OGRE” – the “Obejct-Oriented 
Graphics Rendering Engine”. [6,13] NIS uses the 
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NVIDIA Omniverse RTX™ Renderer which allows for 
high-fidelity rendering using raytracing. NVIDIAs ren-
derer uses their “Material Definition Language” (MDL) 
which is layer based and supposed to interact realistically 
with virtual light sources. [14] NIS comes with varied 
materials provided. Figure 1 illustrates the differences in 
graphics simulation between both programs.

Albeit in different ways, both Gazebo and NIS allow 
their users to add and modify virtual cameras. The pa-
rameters are comparable and allow the editing of intrinsic 
camera parameters like focal length or the projection 
type. NIS additionally allows editing the aperture and f-
stop to simulate the depth of field of real cameras. [16,15]

1.4 Connection to other Frameworks 
While Gazebo and NIS can be used as a standalone sim-
ulator, for mobile robotics they are often used in conjunc-
tion with ROS. Both simulators can initialize a ROS-
node which acts as the translator between ROS and the 
simulator.

In Gazebo, this can be achieved by installing the “ga-
zebo_ros_pkgs” metapackage in ROS, which interfaces 
ROS with Gazebo. Other open-source robotics frame-
works cannot be integrated natively with Gazebo. [4]

NIS is comparable in this regard, but additionally can 
be integrated with the NVIDIA Isaac Toolkit, aimed to-
wards the development of AI-powered robots on NVID-
IAs platforms. [17] For NIS there is no need to install a 
ROS-package, as the ROS-bridge is included as an exten-
sion.

2 Use-case specific comparison 
The usefulness of different simulation environments is 
highly dependent on the corresponding use case. For 

comparability, we define a use case relevant for research 
in mobile robotics to test both simulation toolkits. Subse-
quently, we are comparing the capabilities of Gazebo and 
NIS in regards to use-case specific features, mainly sen-
sor simulation adressing mobile robots. We also address 
the potential change and interoperability from Gazebo to 
NIS, based on the broad application of Gazebo today. 

2.1 Mobile robotics as use-case 
Mobile robot systems are often used in intralogistics ap-
plications for warehousing and commissioning. Percep-
tion is especially important for autonomous mobile ro-
bots, since they need to be able to react safely in dynamic 
environments. To guarantee a safe and predictive behav-
iour, simulation of systems and intralogistics environ-
ments is necessary, especially in regards to capabilities of 
used sensor systems, like radio detection and ranging 
(RADAR), cameras, light detection and ranging (Li-
DAR) and other sensor principles. Additionally, testing 
mobile robots in real environments is challenging, be-
cause they might pose a threat to bystanders and hinder
operations in work environments. Thus, we chose a mo-
bile robot to compare Gazebo with NIS. As real-world-
reference, we use an autonomous tow-truck, which is de-
scribed in [18]. The robot and its testing environment 
have been recreated in both simulators.

2.2 Interfaces between ROS, Gazebo and Isaac 
Sim 

The first step in simulating mobile robotics is the integra-
tion of robot models and worlds into the corresponding 
environment. Gazebo uses .sdf-files to describe robots 
and worlds, NIS uses the .usd-format. Right now, both 
formats are not directly interchangeable and to different 
degrees supported by ROS. To facilitate the use of mod-
els in other formats, NIS offers a variety of “connectors”, 

Figure 1: Screenshot from NIS (left) and Gazebo (right) showing a representative application scenario 
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which allow easy switching back and forth with software 
by other companies like Autodesk.

For .urdf-files, which are used in ROS to describe ro-
bots and are also compatible with Gazebos .sdf-Format, 
NIS provides a simple import function. However, the im-
porter does not deliver reliable and deterministic results. 
Especially the type of joints and their orientation are not 
converted reliably for different models. For more com-
plex .sdf-files, currently no way to import them into NIS
exists. This results in the need to completely rebuild the
simulated environments and also the robots in most 
cases. For some common commercially available robots, 
NIS provides pre-built models. If worlds or objects are 
available in a format usable by the free 3D-modeling 
software blender, they can be exported as .usd-files from 
there. To sum up, migrating extensive worlds and models 
between Gazebo and NIS is a laborious task. It is advan-
tageous to decide early in a project, which software to 
use.

Otherwise, using ROS with NIS is pretty straightfor-
ward. To use the ROS-bridge in NIS, users have to add 
so called “ROS-Components” to their model, which is 
done intuitively via the GUI. Available are: ROS-clock, 
Camera, Joint State, Lidar, Pose Tree, Teleport, Surface 
Gripper and Differential Base. The components can be 
configured in various ways and their corresponding top-
ics can be modified to work with the topics of an existing 
ROS project. Therefore, if all necessary components ex-
ist in NIS, the integration of ROS on the software side is 
just a minor inconvenience.

However, not all necessary components for the men-
tioned use-case are available in NIS. The considered tow-
truck doesn’t use a differential drive model which is com-
mon for robots, but a model which is comparable to 
Ackermann steering for vehicles. For this reason, some
modifications are necessary, which translate the standard 
message type of ROS to a rotation angle of the steering 
and velocity of the drive wheel. Those topics can then be 
handled by joint state components in NIS. Additionally, 
not all necessary sensors are available, which is described 
in the following subsection.

2.3 Sensor simulation 
Sensor systems are a core element of the simulation of 
autonomous robots. For this reason, special attention is 
given to the capabilities of both simulators in this area of 
operation. The real use-case robot utilizes a LiDAR-scan-
ner, two RGB-D cameras with integrated Inertial 

Measurement Units (IMUs), a RADAR sensor, ultra-
sonic sensors and different local and global multilatera-
tion systems like GPS. 

Natively, Gazebo offers mainly the following virtual 
sensors: Different cameras (including depth-cameras), 
beam and wave-based range sensors, which natively al-
low the simulation of 1D to 3D laser sensors, inertial 
measurement units (IMUs) and a bumper or contact sen-
sor. Further sensors can easily be added via third-person 
plugins, exemplary a GPS receiver. [4]

NIS offers the same sensors that Gazebo offers na-
tively, additionally the range sensor can be implemented 
as an ultrasonic sensor. However, the ROS-Bridge of NIS 
only allows the use of cameras and LiDARS – support 
for other sensors currently has to be developed by the us-
ers. Ultrasonic and contact sensors as well as IMUs can 
therefore not be used with ROS out of the box. Addition-
ally, the documentation for implementation and modifi-
cation those sensors is extremely scarce. NIS does allow
user-made extensions and provides a tutorial on how to
integrate the contact sensor with ROS. Unfortunately, at 
the time of writing only very few of those extensions are 
publicly accessible. Thus, not all sensors necessary for 
mobile robotics systems are available. The following Ta-
ble 2 provides an overview on the availability of different 
sensor types in both simulators out of the box. 

Sensor type Gazebo NIS 
RGB camera Yes, natively Yes 
Depth camera Yes, natively Yes 
LiDAR Yes, natively Yes 
IMU Yes, natively Limited, see text 
Contact Yes, natively Limited, see text 
Ultrasonic Yes, plugin Limited, see text 
GPS Yes, plugin No 

Table 2: Availability of relevant sensors in Gazebo and NVIDIA 
Isaac Sim 

When using simulations, one always has to keep in mind 
the deviations between the simulation and reality, known 
as “Sim2Real Gap”. NVIDIA claims to close this gap 
with NIS. [19] Upon inspection, the statement not yet 
holds.

Comparable to Gazebo [1] NIS calculates the meas-
urements of range sensors using the collision geometry 
of objects. That approach neglects the considerable ef-
fects of material properties like transparency and 
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reflections on optical time-of-flight sensors. NVIDIA is 
planning on supporting RTX™ and with it raytracing for 
sensors in NIS in the future, starting with the version re-
leased in spring 2022. [20]

An even more relevant influence on real sensor meas-
urements is noise, which is existent in all sensor systems. 
Some sensors and environmental influences have been 
studied extensively, for example LiDAR systems, espe-
cially in the context of safety systems. [22,21] To simu-
late real working conditions, it is necessary to also model
noise in simulated sensors. Gazebo supports adding 
Gaussian noise to sensor readings, which is usually suf-
ficient to approximate sensor noise. [4,22,21] NIS does 
not support adding noise to any sensors, which is a major 
drawback for realistic simulation tasks. Modifications by 
adding sensor noise in ROS are possible but cannot sub-
stitute an integration in the simulation environment. Sup-
port for sensor noise is also announced for the next re-
lease of NIS. [23]

2.4 Simulation of moving objects and persons 
In recent years, increasingly many robots are used in 
mixed areas with human workers. To simulate operation 
in those spaces, especially for mobile robotics, a realistic 
simulation of moving persons is necessary. Gazebo han-
dles this task using “actors”. Actors are animated models, 
on which a skeleton and a trajectory animation can be ap-
plied. Their trajectory can also be influenced by the envi-
ronment. [4] NIS does not have those capabilities. While 
NIS does provide animated and realistic looking models, 
eg. of a worker, the animation in NIS only influences the 
visual representation of a model. If a collision model is 
added, it stays in a stationary “T-Pose”. Also, there is no
way to let those movements be influenced by the envi-
ronment. At the time of writing, there are no noticeable
intentions by NVIDIA to change this.

3 Comparison of simulation and a 
real system / Sim to Real 

Based on the defined use case, a comparison of both sim-
ulations and a real system is conducted to evaluate the 
degree of concordance. In mobile robotics – like the de-
scribed autonomous tow-truck - occupancy grid maps 
(OGMs) are commonly used for mapping and localiza-
tion purposes and heavily dependend on the sensors and 
their perception of the working environment. With many 
algorithms allowing for extensive parametrization, 

simulation plays a major role in optimization and 
reducing field testing.

The evaluation is conducted by comparing different 
mapping algorithms in three representations of the same 
environment. We apply the particle-filter-based “hec-
tor_mapping”, which only uses LiDAR-data, and the two 
graph-based approaches “slam_toolbox" and “RTAB-
map”. [24,26,25] The former utilizes LiDAR- and odom-
etry-data, the latter has been configured to use RGB-D- 
and odometry-data.

Each simulation environment is parameterized and 
hand-built to replicate the real environment as realisticly
as possible. The driven trajectory of the mobile robot is
comparable for all mapping processes and consists of a 
closed loop trough the environment. Mapping in the real 
environment has been conducted with an Omron OS32C-
SP1-4M laser scanner and an Intel D435 RGB-D camera. 
Both sensors are recreated in the simulators as precisely 
as possible. Noise is added to the laser scanner readings
natively in Gazebo and using a self-written script with 
comparable functionality in NIS. The odometry-data of 
the real system is generated using the sensor data fusion 
approach described in [18]. For the simulated systems, no 
modification of odometry data is possible. This is subop-
timal, since the quality of odometry data significantly in-
fluences the SLAM-problem. [27]

The following maps in Figure 2 are generated using 
the LiDAR-based hector_mapping in the three environ-
ments. It can be seen as a reference for Extended Kalman 
Filter – SLAM algorithms (EKF-SLAM). 

We can see, that hector_mapping delivers good re-
sults, both in reality and simulation. The influence of 
noise for detectable surfaces can be can be sufficiently 
approximated using gaussian noise. In addition, however, 
it also becomes apparent that critical interfering factors
for laser systems, such as reflections or materials with 
different optical properties, cannot be simulated cor-
rectly.
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Figure 2: Occupancy Maps generated using hector_mapping in 
NIS, Gazebo and using a real system; The two simu-
lated environments were built to mirror the real envi-
ronments in dimension and interior. 

  
Figure 3: Occupancy Maps generated using SLAM Toolbox with 

added noise in NIS ) 
The maps shown in Figure 3 are generated using the 

“slam_toolbox” ROS-package to show the capabilities of 
the different environments for development and testing 
of graph-based SLAM. Again, both simulators deliver us-
able results. However, the Sim2Real gap is wider here, 

likely because of the use of perfect odometry data in sim-
ulation.

The previously described approaches did not deliver 
significantly distinguishable results between both simu-
lators. This meets our expections, since like described in 
section 2.3, NIS does not yet provide improvements in 
simulation of LiDAR-scanners. Next, we compare the re-
sults from the “RTAB-Map” package, which uses data 
from a RGB-D camera and odometry data. 

From Figure 4 it can be seen that Gazebo is not suit-
able for photorealistic rendering of depth images. Due to 
the low level of detail, feature-dependent algorithms such 
as “RTAB-Map” can only be used and tested to a limited 
extent. NIS enables the robust use of the same algo-
rithms, even though a difference in results between the 
real system with changing lighting situations and pertur-
bations and the simulation can still be seen.

 
Figure 4: Occupancy Map generated using RTAB-Map with 

RGB-D and Odometry data for the different environ-
ments 

4 Discussion of performance 
In this chapter we summarize our findings into recom-
mendations for a ROS-simulator for different demands. 
The results are presented as tables. Table 3 compares NIS 
and Gazebo in different Criteria which are based on per-
formance described in the previous sections. Both simu-
lators are rated either with ++ (very positive), + (posi-
tive), 0 (neutral), - (negative), -- (very negative) as 
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shown in [28–30]).  

Criteria Gazebo NVIDIA
Isaac Sim

Hardware requirements + --
Software requirements + 0
Physics simulation + +
Graphics simulation - ++
Sensor simulation + -
Universality ++ 0

Table 3: Rating of NVIDIA Isaac Sim and Gazebo in different 
Categories 

Table 4 lists different possible demands in a project and 
suggests the better suited simulator. Both tables are 
meant to provide guidance when choosing a software to 
simulate mobile ROS-based robots during development. 
The criteria and ratings are explained in detail in the pre-
vious sections.

Demand Better suitable simulator
Physics simulation Gazebo
Evaluation of vision-
based algorithms

NVIDIA Isaac Sim

Evaluation of optical-
/laser-based algo-
rithms

Gazebo (until NIS utilizes 
raytracing for laser simula-
tion)

  
Project duration Short- & medium-term: Ga-

zebo
Long-term: NVIDIA Isaac 
Sim

Simulation of UAVs or 
UUVs 

Gazebo 

Availability of moving 
objects and persons 

Gazebo 

Table 4: Simulator recommendations for different demands 

5 Outlook on further 
developments 

As described above, development cycles are becoming 
shorter and shorter and new players in the field of robot-
ics simulation are entering the market. Based on our ex-
pertise, we venture a look into the crystal ball and attempt 
a forecast for developments in the near future.

5.1 Expected evolution of Isaac Sim 
As shown before, NIS is built on a more modern platform 
than Gazebo. However, NIS is not yet as mature as Ga-
zebo and lacks features in some areas crucial for mobile 
robotics. In this subsection we summarize what to expect 
from NIS for the future based on press releases and forum 
discussions. In general, NVIDIA’s staff is very helpful in 
the forum and happy to add requested features or reported 
bugs to their list. It is therefore expected that frequently 
demanded features will make their way into NIS sooner 
or later. Unfortunately, there is no official roadmap avail-
able, which complicates planning in projects. The OSRF 
and NVIDIA have announced interoperability between 
NIS and the new Ignition Gazebo. Prospectively, both 
simulators are supposed to feature converters for .usd re-
spective .sdf files and also allow direct interaction. Igni-
tions roadmap aims to release these features in September 
2022. [31]

5.2 Conclusion 
From our research, we conclude that NIS is not yet 

ready to supersede Gazebo as the go-to simulation tool 
for mobile robots using ROS. At the time of writing, NIS 
imposes many hurdles to overcome when using the soft-
ware. Many restraints of NIS can be overcome by devel-
oping own workarounds. However, those are seldom op-
timal. Gazebo is also still on par with NIS regarding 
physics simulation tasks. While NVIDIA has some light-
house projects together with major corporations like 
BMW or recently Amazon, it’s scientific user base seems 
to be small. This is a chicken-and-egg-problem which re-
quires some pioneering work to solve itself. Neverthe-
less, in the time of our usage, we noticed significant ad-
vances in NIS. We therefore see a high potential for NIS. 
Coming features could lift NIS on a new level, eg. fac-
toring in reflection properties of surfaces for ToF-sen-
sors. If one has access to a system capable of running 
NIS, trying it out might be worthwhile depending on the 
type of project – see Table 4. If one can’t access such a 
system, Gazebo still is a very powerful tool and might 
have a comparable successor for ROS 2 with Ignition Ga-
zebo. Further research should be conducted to evaluate 
the current state of the PhysX-engine and comparing per-
formance and truth to reality of the mentioned engines.
New releases of NIS might generate additional needs for 
research, especially on the simulation of reflective prop-
erties for ToF-sensors and the interoperation between 
NIS and Ignition Gazebo.
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