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MMoottiivvaattiioonn  aanndd  AApppprrooaacchh

Autonomous driving systems plan future trajectories based on sensor 
input and some representation of the surrounding environment. This 
holds true for both strategies, the conventional modular perception-
prediction-planning1 pipeline as well as end-to-end2 methods.

The objective of this work is to enable a systematic evaluation of 
generative trajectory planning algorithms based on the CarMaker3 
simulation framework using a full-vehicle simulation with realistic 
vehicle dynamics. In particular, simulation allows to create virtual test 
cases for challenging scenarios that are otherwise extremely rare or 
dangerous to record in the real world in sufficient quantity.

Based on a requirements analysis, two main simulation-based 
validation approaches were identified: an open-loop variant for 
creating synthetic datasets and a closed-loop variant in which the 
generative trajectory planner is directly integrated into the 
simulation framework. Both approaches were implemented using the 
Waymo Open Motion Dataset4 (WOMD) format for representing the 
abstract environment descriptions, thereby enabling compatibility with 
existing trajectory planning testing pipelines.

OOppeenn--LLoooopp  TTeessttiinngg

This validation approach follows a two-step process, illustrated in 
Figure 1. First, a synthetic dataset containing various scenarios with 
multiple interacting traffic participants is created via simulation and 
stored in multiple WOMD formatted TFRecord files. During validation 
of the trajectory planning module, the data is loaded from the 
TFRecord files in the same manner as real-world WOMD data, enabling 
offline evaluation. Figure 3 shows three scenarios from a test dataset.

CClloosseedd--LLoooopp  TTeessttiinngg

In the closed-loop validation setup, the trajectory planner is directly 
connected to the running simulation and continuously receives the 
updated abstract environment description of the scene, see Figure 2. 
This feedback loop enables continuous reevaluation and adaption of 
planned trajectories based on the current behavior of all traffic 
participants. Figure 4 shows the integration of a dummy trajectory 
planner outputting a sinusoidal trajectory for testing purposes.
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Figure 2: Connecting the generative trajectory planner directly to a running CarMaker 
simulation for closed-loop testing. (© IPG Automotive GmbH) 
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Figure 4: Test of the closed-loop integration mechanism with a dummy sinusoidal 
trajectory planner. Top: visualization of the construction-site test scene in WOMD 
format, same color coding as in Figure 3. Bottom: visualization of corresponding 
simulation run in CarMaker showing the currently planned trajectory (blue), target point 
history (yellow) and vehicle center point history (green). (© IPG Automotive GmbH) 

Figure 1: CarMaker-based dataset creation in WOMD format for open-loop validation of 
trajectory planning algorithms. (© IPG Automotive GmbH) 

Figure 3: Top row: scene represented in WOMD format visualizing road markings and 
lanes (black), ego vehicle (dark blue) with field of view (green) and other traffic 
participants (light blue). Bottom row: corresponding scene visualization in CarMaker 
during simulation. (© IPG Automotive GmbH) 
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