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State of the Art — Motion Planning

Source!ayve. Source: Tesla.

Modular / End-to-End End-to-End Vision-based

» Learning-based planning is becoming a key component of urban automated driving
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Complementary strengths of learning-based and classic algorithms
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Classical / Rule-based

Explicit constraints
Traceable
Drivability can be enforced

Increasing engineering effort for
complex behavior
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Behavior learned from data

Can capture complex interactions
Scales through additional data
Limited transparency
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- ISO/TS 5083:2025
— | Architectural measures and
safety layers around ML
components

Learned behavior + deterministic supervision / fallback
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Contribution
Overview — Hybrid Planning Architecture

Hybrid Planning Open-Source ROS 2
Architecture Implementation

Real-World Vehicle
Integration
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General Overview

Environment

Model
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Sensing

Feedback-Loop

Behavior Trajectory
Planning Supervision

Safety Fallback

Trajectory
Controller

Actuation

® Learning-based
® Rule-based
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—» Reference Trajectory
=» Drivable Trajectory

a | ™0



Learning-based Behavior Planning
Model Architecture, Interfaces and Dataset
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Training Data — Driving Dataset

Real-world urban driving in Ingolstadt, Germany

3 = Day | Dusk | Night S ~18km ~ 105 min @ 34,438 (Day, Night)
Drives = Recording Times 0 Same route Total duration Training samples

16,518 (Dusk
Al (Dusk)

Validation samples
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Open-loop Evaluation — Key results on Driving

® Route @ Map ® Ego (history & future) ® Objects (history) © Predicted Reference Trajectory
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Learning-based Behavior Planning

Open-loop Evaluation — Counterfactual Examples

y[m]

Traffic-light response
Changing green to red should shift the prediction to
a stop before the stop line

(a) Original: green light

=
20 40 60 80
[m]
(b) Counterfactual: red light
— I £
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 [m]

y[m]

\ Interaction response

E:-? Inserting a stopped lead vehicle should induce
deceleration and following behavior
(c) Original: free road
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(d) Counterfactual: inserted lead
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Contribution
Overview — Open-Source ROS 2 Implementation

Hybrid Planning Open-Source ROS 2
Architecture Implementation

Real-World Vehicle
Integration
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Open-Source Software
OpenADStack: Implemented as hardware-agnostic ROS 2 Services

’& OpenADS - openads-project.github.io

An open-source ecosystem for automated-driving research

OpenADSim OpenADStack Microservice Architecture
Simulation for testing OpenADStack Modular ROS 2 Reference Stack Using Docker Compose or Kubernetes for Deployment

Open Automated Driving

Stack | Sim | Suite | Safety
[3], [6]
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https://openads-project.github.io/
https://openads-project.github.io/
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OpenADStack: Implemented as hardware-agnostic ROS 2 Services

'9 OpenADS - openads-project.github.io
e

OpenADSim {é} OpenADStack @ Microservice Architecture
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Contribution
Overview — Real-World Vehicle Integration

Hybrid Planning Open-Source ROS 2
Architecture Implementation
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Real-World Vehicle
Integration
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Research Vehicle “karl.”

karl. is a customizable and extensible research platform
designed for developing and validating innovative
functions for automated and connected driving. [7]

Remote Operation
Data Recording

AV Cooperative &

Automated Driving | Connected Driving
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Model Adaptation — From Driving data to the ika test track

Before adaptation After adaptation
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Closed-loop demonstration

waseam v Behavior Plannin
Safety Fallback
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Key takeaways and future work

Hybrid architecture implemented

3.4

Learning-based planner evaluated open-loop

B

Integrated and demonstrated closed-loop

L

Next: public-road operation
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Open-Source Software

https://qgithub.com/openads-project

Thank you very much
for your attention
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Roadmap 19

Phase Roadmap AD Stack Architecture Goal O OpenADS

¥ Published Learned Perception + Rule-based Planner Fast test operation for data collection
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Rule-based Modules
Deterministic safety layer around the learned planner

O C/’ Trajectory Supervision

e Refines the learned reference into a drivable

Reference 2
@ trajectory —> trajectory
from DNN e Optimization-based supervision using a

nonlinear OCP C) @

¢ Kinematic single-track model with path /
velocity tracking

, Switch Trajectory Controller
e Enforces safety, drivable space, obstacle
avoidance, traffic-rule and vehicle-dynamic e Selects the trajectory to > o Feed-forward + feedback
constraints execute control
acados ROS 2 node e Default: supervised e Cascaded PID for longitudinal
learned path and lateral tracking
e Fallback if safety or e Ackermann commands and
quality is insufficient bi-level stabilization
..©Q  Safety Fallback
Map / V- b ) S—
environment ——) e e Deterministic centerline-based planner
model e Uses map centerline and speed limits

e Safe-stop in degraded or unknown situations
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Real-world demonstration
Qualitative Evaluation
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