
Unreal Engine 4
For our simulation environment, we use a state-of-the-
art computer game engine. The games industry is
interesting for this application because they primarily
focus on the visuals of the environment. Additionally,
they deal with environments on a much larger scale
than most robotics simulators. (unrealengine.com)

Simulation Use-case
We primarily test computer vision algorithms for
autonomous robotic systems on the lunar surface. This
means we focus on the visual fidelity of the camera
images provided by the simulation. For our specific
use-case, the accuracy of physical simulations is
secondary.

AirSim
AirSim is an open-source plugin for Unreal Engine
which helps to generate and record sensor data from
drones and ground vehicles. It was primarily developed
for data generation in machine learning applications
(microsoft.github.io/AirSim/). The data capturing
process can be automated through Python and C++
APIs. For robotics applications, AirSim also provides a
ROS wrapper (microsoft.github.io/AirSim/
airsim_ros_pkgs/). Both AirSim and the AirSim
Wrapper have an active community, with regular
software updates.

Lighting
In virtual environments, the lighting is relatively easy to
set up, as most render engines already have built-in
support for a sunlight type light-source. This type of
light is an orthogonal light projection to simulate the
sun, and produces parallel shadows, regardless of the
distance of the light-source to the scene. For the
correct projection angle, we look at data from Spice
toolkit (https://naif.jpl.nasa.gov/naif/toolkit.html). From
there, we can extract the correct sun position for the
time of day and coordinates of the landing site we are
interested in. Lastly, it should also be mentioned that
Unreal Engine supports real-time ray-tracing, which is
a more physically accurate method to simulate lighting
conditions.

Alternative Solutions
Instead of “AirSim”, “ROS-integration” (github.com/
code-iai/ROSIntegration) can also be used to interface
with Unreal Engine, although we have found that this
solution is more complex to configure. As an
alternative solution to Unreal Engine, Unity (unity.com)
may also be considered. It has a similar set of features
and also has a matching ROS integration (github.com/
siemens/ros-sharp)

Game Environment
As landscape, we are using a commercially available
game environment with some modifications
(unrealengine.com/marketplace/en-US/product/the-
moon). The environment provides a surface area of 64
square kilometres, multiple craters, different surface
features, and procedurally placed rocks. The large
scale of the environment is another benefit of computer
game engines, as they are designed from ground up to
deal with large landscapes.

AirSim ROS interface
The AirSim ROS wrapper provides camera and depth
images, lidar data, IMU data and altimeter data with the
standard ROS topics. It also provides GPS data which
can be used as ground truth measurement. The
wrapper provides an interface to send joystick
commands from ROS back into Unreal Engine. This
allows for interactive real-time systems, where the
ROS control commands are issued based on the
perception data provided by the simulator.

Rover Configuration
To import your rover into the simulation, it needs to be
set up as AirSim vehicle. To simplify the process, a
default vehicle is also provided. This process requires
extensive know-how on the use of Unreal Engine and
can be time-consuming to set up. Once the initial
vehicle is configured, the sensor suite can be modified
via a simple text file. This allows for a much easier
workflow when bench-marking different rover
configurations. This includes sensor settings as well as
sensor poses.

Pros
• More Realistic images
• Camera effects such as distortion, lens flares,
chromatic aberration or motion blur are already
implemented within Unreal Engine.

• Images generated at a high frame rate (multiple
FullHD images can be rendered simultaneously
multiple times per second)

• Machine learning data capture can easily be
automated with python or C++. This can also
operate on lower spec computers.

Cons
• Complicated setup, requires good understanding of
Unreal Engine to start

• AirSim ROS wrapper still under development
• Multiple cameras not synchronised
• A high spec desktop computer is recommended for
real-time robotics applications
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Synchronization issues
When working with multi-camera setups such as stereo
cameras, it is important that all cameras are accurately
synchronised. As AirSim is requesting images
sequentially from Unreal Engine, the ROS wrapper
does not currently support synchronised stereo
images. The offset changes with the duration of the
rendering time. One work-around for this problem is to
slow down simulation time to allow the engine to catch
up with the requested publishing rate.
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