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• Trajectory repairing

• Assumption: the intention of other vehicles changes, causing a 

hazardous situation.

• Detect the part of an invalid trajectory that can stay unchanged.

• Repair the remaining part.

• Pros

• Not need to replan the whole trajectory

• More robust against small disturbances

  

• Cut-off state

• The time that evasive maneuvers must be taken to avoid a 

collision.

Motivation
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• There are similar concepts for car-like robots, or drones.

• Such as: local planning, trajectory deformation, elastic 

band.. 

• However, it is not specifically intended for autonomous 

driving, and is not connected to safety assurance. When the 

“repair” happens depends on its discretization.

Background

[1]

[2]
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© VIRTUAL VEHICLESep 2023 / Tong, Solmaz, Horn, Stolz, Watzenig
Robust Tunable Trajectory Repairing for Autonomous Vehicles Using Bernstein Basis 

Polynomials and Path-Speed Decoupling
4

Methodology

Original trajectory repairing [3]

1) Search for Time-To-Brake (TTB), Time-to-

Kickdown(TTK), Time-To-Steer (TTS)

2) Time-To-React (TTR) is the maximum among 

them.

3) Repair starts from TTR

Our idea: path-speed decoupling

[3] Lin, Yuanfei; Maierhofer, Sebastian; Althoff, Matthias (2021 - 2021): Sampling-Based Trajectory 

Repairing for Autonomous Vehicles. In : 2021 IEEE International Intelligent Transportation Systems 

Conference (ITSC). 2021 IEEE International Intelligent Transportation Systems Conference (ITSC). 
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α-robustness for reparing

XTC: Time-to-Collision or Distance-to-

Collision

XTR: Time-to-React or Distance-to-

React

ΔX: ΔT or ΔS

α : a metric in [0, 1]
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Hierarchical Search for XTR
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Optimization Problem for both path and speed optimization

Quadratic Programming!

𝒇 𝒙 = 𝒔 𝒕 𝒐𝒓 𝒍(𝒔)

Bézier Piecewise trajectory

Bézier Curve
Objective function

1) Boundary Constraints:

2) Continuity Constraints:

3) Safety Constraints:

4) Physical Constraints:

5) Kinematic Speed Constraints:

6) Kinematic Path Constraints:

Optimization Problem
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A nominal planner (search-based planner) provides a 

reference trajectory.

However, the intention of other vehicles changes, the reference 

trajectory must be adapted.

The obstacle vertices are projected onto S-T domain.

Validation Scenario 1: Urban T-intersection

Green arrow: initial state

Yellow region: goal region



© VIRTUAL VEHICLESep 2023 / Tong, Solmaz, Horn, Stolz, Watzenig
Robust Tunable Trajectory Repairing for Autonomous Vehicles Using Bernstein Basis 

Polynomials and Path-Speed Decoupling
9

Speed optimization results
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Validation Scenario 2: Blocked T-intersection

A nominal planner (search-based planner) provides a 

reference trajectory

A static obstacle suddenly blocks the road.

Occupancy of other vehicles in planning horizon is projected 

into S-L domain

Green arrow: initial state

Yellow region: goal region
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Path optimization results
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Computation time comparison

Python implementation

Optimization Solver: OSQP

CPU: Intel(R) Xeon(R) W-2123 CPU @ 3.60GHz
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• Efficient and real-time trajectory repairing framework

• Bézier curve optimization with trapezoidal corridors 

and speed/path kinematic constraints

• A handy parameter (α) for behavior tunning.

Key takeaways
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