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Abstract
The synthetic data structure and data content is described in the document
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1 Ground truth data format – brief description

The ground truth data format basically extends the well-known KITTI data format [1,2] with unique
ObjectID as well as object type according to Simcenter Prescan [3] (see Table 1.1).

Table 1.1: Data structure – Simcenter Prescan ground truth

As a remark, occlusion of the objects is calculated only considering the 2D projections of the objects
(the height of the object is neglected). When the objects enter or exit the field of view of the sensor,
the occlusion value might flicker. Furthermore, for small objects, which are far away a similar effect
might happen since the number of imaginary rays intersecting the object might be very low.

Currently, in the field of view of the ground-truth sensor 100 imaginary rays are considered, based on
which the occlusion is calculated. A higher number of imaginary rays could improve the precision of
occlusion calculations but will increase the computational effort.

All distances are relative to the ground truth sensor, which is placed in the same position as the
physics-based camera. The observation angle as well as the rotation angle are shown in the Fig. 1.1.
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Fig. 1.1 Ground truth data and coordinate frames

Remarks: the direction of the arrow shows from which line to which line the angle is measured.
The arrow direction does contain information about the sign of the angle as follows:

- If the angle is measured CCW then is positive
- If the angle is measured CW then is negative

In this way the angle is in the [-pi, pi] interval.

Information about the host vehicle is stored into a “prescanParameters.json” file, see Fig. 1.2. The
relative position of all sensors are defined in the vehicle coordinate frame. In Simcenter Prescan the
relative position of the sensors is defined against the rear axle center (see screenshots in this
document). In case of the synthetic data, the relative position of the sensors is defined against the
center of the bounding box (see “prescanParameters.json” file). These relative positions are illustrated
in Fig. 1.3.

Fig. 1.2 Information about the host vehicle stored in .json file format

Fig. 1.3 Relative position of the sensor in vehicle coordinate frame
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2. Physics-based camera sensor data

The physics-based camera position is defined relative to the center of the host vehicle bounding box
center (see Fig. 2.1). Information about camera position and camera parameters as well as the camera
intrinsic matrix are stored into a “prescanParameters.json” file.

The camera data saved in .jpeg format, the images are concatenated and saved into an .mp4 video file.

Fig. 2.1 Physics-based camera position

The physics-based camera sensor in Simcenter Prescan is a virtual model of the real camera,
mentioned below [4, 5]:

• Model: a2A1920-51gcPRO Basler ace 2 GigE camera

• Size (L * W * H) / Weight: 62.2 * 29 * 29 mm / < 105 g

• Resolution (H x V Pixels): 1920 x 1200

• Pixel Size (H x V): 3.45 μm x 3.45 μm

• Frame Rate: 24 (depending on light conditions – exposure time)

• Field of view:

▪ Vertical: 54.3º

▪ Horizontal: 79º

• Len: C125-0418-5M-P f4mm
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3. Point cloud and physics-based LiDAR sensor data

The point cloud ideal LiDAR sensor settings are described below.

Fig. 3.1 Point cloud ideal LiDAR sensor settings

Fig. 3.2 Point cloud ideal LiDAR sensor settings
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Fig. 3.3 Point cloud ideal LiDAR sensor settings

The physics-based LiDAR sensor settings are described below.

Fig. 3.4 Physics-based LiDAR sensor settings
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Fig. 3.5 Physics-based LiDAR sensor settings

The physics-based LiDAR sensor in Simcenter Prescan is a virtual model of the real LiDAR sensor,
mentioned below [6]:

Model: Ouster OS2-128
• Dimensions:

▪ Diameter: 119.6 mm (4.71 in)
▪ Height: 98.9 mm (3.89 in)

• Weight: 1100 g
• Vertical Resolution: 128 channels
• Horizontal Resolution: 1024
• Field of View:

▪ Vertical: 22.5º (+11.25° to -11.25°)
▪ Horizontal: 360°

• Range:
▪ Minimum 1 m
▪ Maximum: 240 m

• Range Resolution: 0.1 cm
• Rotation Rate: 10 Hz
• Laser Wavelength: 865 nm
• Points Per Second: 2,621,440 (128 channel)
• Data Per Point: Range, signal, reflectivity, near-infrared, channel, azimuth angle,
timestamp
• Timestamp Resolution: < 1 μs
• Data Latency: < 10 ms



Synthetic data generation using Simcenter Prescan

8

4. Physics-based radar sensor data

The radar data processing pipeline is illustrated in Fig. 4.1, where after the analog-to digital
conversion (ADC) fast Fourier transforms, and user specific processing takes place. These last two
steps currently are not part of Simcenter Prescan and can be done by the user.

Fig. 4.1 Radar data processing pipeline

For a better understanding of the operation principle of the radar sensor, the basic notions: transmitter,
receiver, chirps and samples are illustrated in Fig. 4.2 [7,8].

Fig. 4.2 Possible arrangements of transmitters, receivers, chirps and samples

The settings of the physics-based radar in Simcenter Prescan are illustrated in Fig. 4.3 and Fig. 4.4.
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Fig. 4.3 Physics-based radar sensor settings

Fig. 4.4 Physics-based radar sensor settings
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The radar detections are illustrated in Fig. 4.5 and are stored for each timestamp in a .txt file having
the following structure, see Table 4.1.

Fig. 4.5 Physics-based radar sensor detection – position and speed

Table 4.1: Radar detections – data structure

Radar
detections

Longitudinal
distance x [m]

Lateral
distance y [m]

Elevation z
[m]

Relative velocity in
spherical coordinate
system [m/s]

Power of the
reflected radar
signal for that
detection [dB]

Object 1
…
Object n

Since the generated ADC output leads to extremely large files a new feature of Simcenter Prescan has
been used, which is called “Radar Scene Simulator”.

4.1 Radar Scene Simulator

The “Radar Scene Simulator” in a strict sense is not a physics-based radar sensor model, one of the
main differences is that the signal to noise ratio is not considered. Therefore, the detections are kind of
ideal detections, so the user should add signal to noise model according to the measurements.

The output of the radar scene simulator is saved in .pcd format.

Material Assignment

When adding objects to the experiment, radar materials are automatically assigned according to the
following substitutions (see Table 4.2):

 Table 4.2: Material assignments in Simcenter Prescan

Material Radar Material
Plastic Asphalt
Asphalt, (wet, dark, light, etc.) Asphalt
Grass (dark, light) Grass



Synthetic data generation using Simcenter Prescan

11

Fabrics (cotton wool, leather,
etc.)

Perfect conductor1

Reflective sheet, Reflector Perfect conductor
Skin Perfect conductor1

Car paint Perfect conductor
Road modifiers (Road markers,
dirt spots, road cracks, etc.)

Transparent2

Traffic sign Pole Perfect conductor
Cement guardrail, sound
absorbing wall

Smooth asphalt

Chain fence Transparent2

Information board Asphalt
Embankments Grass
Transparent Transparent
FullyAbsorbent FullyAbsorbent
Default Asphalt

1 Fabrics and skin use the perfect conductor radar material as it closely approximates the radar
signature of a real person.
2 Not supported by the Radar Scene Simulator.

The radar scene simulator sensor position and the basic settings are shown in Fig. 4.5 and Fig. 4.6.

Fig. 4.5 Radar sensor position in case of radar scene simulator
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Fig. 4.6 Radar sensor settings in case of radar scene simulator

The attenuation factors considering different weather conditions are mentioned in Table. 4.3 [9-11]. In
the synthetic data set the radar scene simulator data is included and saved as .pcd files.

Table 4.3: Attenuation factors function on weather conditions

Weather 'Clear' Rain' 'Light Fog' 'Dense Fog' 'Snow and Light Fog'
Attenuation
factor [dB]

0.3470 4.5 1.5 1.75 1.6
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5. Depth camera

The depth camera provides a 'camera' image with depth values instead of colors. It provides ground
truth data which can be used i.e. to calibrate or validate camera depth calculations. The depth camera
sensor settings are shown below Fig. 5.1 and Fig. 5.2.

Fig. 5.1 Depth camera settings – camera position and orientation

Fig. 5.2 Depth camera settings – camera configuration

Based on the near and far clipping distance and the images provided, the absolute depth can be
calculated.
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6. Synthetic data generation considering variations of VRUs, weather
and illumination

During the synthetic data generation, it is assumed that the operational design domain is Amsterdam
city, The Netherlands.

The sun position defined by azimuth and elevation, depends on the season as well as time during the
day, as shown in Fig. 6.1 and Fig. 6.2 [12].

Fig. 6.1 Sun position defined by azimuth and elevation

Fig. 6.2 Sun position in Amsterdam during the year at different moments of the day [12]

In the aim to keep things simple, we considered only five different time moments during the day, and
we have three distinctive seasons from sun position perspective: spring or autumn, summer and winter.
These are summarized in Table 6.1.
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Table 6.1: Considered sun positions: season and time.

Spring or Autumn
Time [hour] 07 10 12:30 17 18
Azimuth [deg] 95 140 180 220 265
Elevation [deg] 7 30 38 30 9
Summer
Time [hour] 06:30 10 12:30 16 20
Azimuth [deg] 60 117 180 250 300
Elevation [deg] 8 48 60 45 8
Winter
Time [hour] 08:30 10 12:30 15 17:30
Azimuth [deg] 120 145 180 210 220
Elevation [deg] 0 7 15 9 0

In terms of vulnerable road users, we considered only 5 different categories as mentioned below:

F1 = {Person, Person_wBuggy, Person_Cycling, Person_wCart, Child_Regular}

In terms of time moments during the day we considered 5 different time moments, as specified in
Table 6.1.

F2 = {Time_1, Time_2, Time_3, Time_4, Time_5}

In terms of weather, based on the season we defined per season maximum 4 different weather types, as
shown in Table 6.2.

Table 6.2: Weather types, function of season

Spring or Autumn
Weather Clear Rain Light_Fog Dense_Fog
Summer
Weather Clear Rain
Winter
Weather Clear Rain Snow Snow_and_Light_Fog

F3 = {Weather_1, Weather_2, Weather_3, Weather_4}

In terms of seasons, we have three distinctive seasons from illumination point of view:

F4 = {Spring_or_Autumn, Summer, Winter}

We remark that the data set is generated using a combinatorial testing approach. Combinatorial or t-
way testing is a proven method for more effective testing at lower cost. Studies by NIST research
showed that most software bugs and failures are caused by one or two parameters, with progressively
fewer by three or more, which means that combinatorial testing can provide more efficient fault
detection than conventional methods. New algorithms compressing combinations into a small number
of tests have made this method practical for industrial use, providing better testing at lower cost.

Using Taguchi’s orthogonal arrays - a subset of combinations is selected that provides sufficient
information about the main effects and interactions and reduces the number of test cases while
achieving proper coverage [13, 14]. The considered Taguchi array is presented in Table. 6.3.
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Table 6.3: Taguchi array for the considered problem

Nr. F1 F2 F3 F4 Nr. F1 F2 F3 F4 Nr. F1 F2 F3 F4 Nr. F1 F2 F3 F4 Nr. F1 F2 F3 F4

1 1 1 2 1 6 2 1 2 3 11 3 1 1 2 16 4 1 2 2 21 5 1 1 1

2 1 2 2 2 7 2 2 3 1 12 3 2 4 1 17 4 2 2 3 22 5 2 1 2

3 1 1 1 3 8 2 3 2 2 13 3 3 1 2 18 4 3 1 1 23 5 3 2 1

4 1 4 4 1 9 2 4 1 1 14 3 4 1 3 19 4 4 2 2 24 5 4 1 2

5 1 5 1 1 10 2 5 1 2 15 3 5 2 1 20 4 5 3 1 25 5 5 1 3

7. Synthetic data folder structure

The data folders are presented in Fig. 7.1, where:

- images, indicates the images generated by the physics-based camera sensor, available in
Simcenter Prescan.

- labels indicate the ground truth data.
- pbLidar indicates that the data has been generated using physics-based LiDAR sensor model

available in Simcenter Prescan.
- pbRadar indicate that the data has been generated using physics-based radar sensor models

available in Simcenter Prescan.
- pointCloud, indicates the ideal point cloud generated by the ideal LiDAR sensor, available in

Simcenter Prescan.

Fig. 7.1 Data folder structure
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