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Introduction

⚫ Probabilistic Generative Models + Planning
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Introduction 3

⚫ Probabilistic Generative Models cannot guarantee safety.

Walker2D

Hopper



Introduction 4

⚫ Probabilistic Generative Models cannot guarantee safety.



Baseline: Diffuser

⚫Diffuser [1] is the first generative 
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Baseline: SafeDiffuser

⚫ SafeDiffuser [2] incorporate with control barrier functions to guarantee safety.
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[ The SafeDiffuser Workflow ]



Limitations: Diffuser

⚫Diffusion-based planner like Diffuser needs a lot of denoising steps, leading to high 
computation load and slow generation (planning).
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Many denoising steps

Slow



Limitations: SafeDiffuser

⚫ SafeDiffuser proposed three different architecture to enforce safety constraints using CBF.

⚫ However, it needs to be improved to avoid local traps and ensure safety.
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Robust-safe Diffuser Relaxed-safe Diffuser Time-varing-safe Diffuser

Waypoints in local trap

[ Results of SafeDiffuser ]



Limitations: SafeDiffuser

⚫ They enforce safety constraints, but still some states are stuck in local trap. 
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[ Results of SafeDiffuser ]



Goal: Safe and Fast Planner

Limitations
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Diffuser [1]

CBF from SafeDiffuser [2]

Slow

Unsafe
(still frequent local traps)

Fast

Safe

Finite-time CBF

FlowMatcher

Fast and Safe Planner
SafeFlowMatcher

Flow Matching [3] in Generative Model Field

Finite-time Stability Theory [4] in Control Field

Proposed Method



Flow Matching Recap from Student Lecture

⚫Flow Matching requires fewer sampling steps to generate an image or trajectory. 

⚫Since neural network inference is required at each step, fewer steps can help reduce the 
total generation (or planning) time.
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Diffusion Flow Matching

Process Step-by-step noise addition and denoising
Continuous transformation via 

Velocity fields

Mathematical
Base

Stochastic process Deterministic ODE

Sampling Many steps Few steps

Best for High-fidelity, complex generation Fast, controllable planning

[ Comparison between Diffusion and Flow Matching ]



FlowMatcher

⚫We implemented a flow-matching-based planner called FlowMatcher, built on 
conditional flow matching theory and inspired by Diffuser [1].

⚫FlowMatcher can generate paths FAST.
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Diffuser FlowMatcher



Brief Introduction to Finite-time CBF

⚫From finite-time stability theory, we can derive Finite-time CBF (FT-CBF).

⚫We will explore CBF and finite-time CBF in more detail later in the paper presentation.
Focus on the key concecpt of CBF here.

13



Brief Introduction to Finite-time CBF

⚫Unlike nominal CBF, finite-time convergence CBF guarantees that the states converge to 
a safe set within a finite time. 

⚫Since FlowMatcher generates trajectories over a time horizon 𝑡 ∈ 0,1 , it is important 
that the states converge to the safe set by 𝑡 = 1.
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Safe RegionUnsafe Region

FlowMatcher direction 
FT-CBF steering direction 
SafeFlowMatcher direction



SafeFlowMatcher

⚫SafeFlowMatcher Dynamics:

⚫Thus, 𝑢𝑡 is new control input to generate safe trajectories.
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Trajectory State Velocity Field from FlowMatcher

Perturbation from FT-CBF



SafeFlowMatcher 16

⚫We can derive the optimal control input 𝑢𝑡
∗ using convex optimization (QP).

⚫The optimal control input is minimally modified input from FlowMatcher.

⚫The slack variable relax the constraint in the initial phase.



SafeFlowMatcher

⚫We built some Theorem and Proposition for SafeFlowMatcher. 
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SafeFlowMatcher

⚫We built some Theorem and Proposition for SafeFlowMatcher.

⚫The Key point is that if we select proper hyperparameters, we can guarantee the finite-
time convergence to the safe set. 
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SafeFlowMatcher

⚫SafeFlowMatcher

1. SafeFlowMatcher generates a trajectory from Gaussian noise distribution.

2. In the initial phase, the effect of the CBF is soft.

3. In the final phase, the CBF enforces constraints more strongly.

4. As a result, a safe trajectory is generated.
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Additional Technique: Adaptive Time Scheduling

⚫We proved that the following adaptive time scheduling can reduce global integration 
error when generating trajectories in flow matching using the Euler integrator.

⚫Please refer to Appendix B for the proof of Theorem 2.
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Additional Technique: Adaptive Time Scheduling

⚫Instead of using uniform timestep, using adaptive timestep 𝑶( 𝟏 − 𝒕 𝟑) in the maze 
environment leads to accurate generation.

⚫We are planning to show experimental results in the final presentation.
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Experiments: SafeDiffuser vs. SafeFlowMatcher

⚫We presented an initial prototype of SafeFlowMatcher and provided a preliminary 
comparison with SafeDiffuser [2].
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SafeDiffuser SafeFlowMatcher



Future Plan

⚫We plan to extend our experiments to legged locomotion and manipulation tasks, 
comparing various metrics such as efficiency, safety, and other relevant factors.
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Walker2D Hopper Manipulation



Contributions 24

Jiwon Park Jeongyong Yang

Paper review O O

Theory

SafeFlowMatcher theory V O

Adaptive time scheduling V O

Existing methods validations

SafeDiffuser O O

Implementation

FlowMatcher O O

Finite-time CBF V O

Experiments (On going)

Maze2D O O

Legged Locomotion (Warker2D, Hopper) O V

Manipulation O V
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