
Trajectory Alignment via Diffusion 
Models in Cross-Domain Offline 

Reinforcement Learning

Frontiers of Computer Science, DOI: 10.1007/s11704-026-52191-9

Yujia ZHANG, Lin LI, Jianguo WU, Ting GUO, 
Wei WEI, Jiye LIANG



Problems & Ideas
• Problems of cross-domain offline RL

with diffusion models:
– Misalignment: Generated trajectories drift

off the target dynamics manifold;

– Infeasibility: Generated actions/transitions
are not valid under target dynamics (thus
unreliable for policy learning).

• Ideas: Make target consistency an explicit conditioning signal inside
the diffusion denoising process, rather than post-hoc filtering:
– Dynamics-aware conditioning (DDS): Use a bounded domain similarity score to

guide denoising toward the target dynamics manifold;

– Utility & feasibility conditioning (VG + PH): Steer generation toward transitions
with small cross-domain value gap (VG) and penalize action–transition
inconsistency via an inverse dynamics check (PH), yielding target-consistent and
usable synthetic trajectories.

How can we harness DPMs' generative power while ensuring trajectories 
adhere to the target domain's dynamics?

t-SNE embeddings show Diffuser and SynthER produce
dispersed, misaligned trajectories, while our method
DiffTA generate tightly clustered samples aligned with
target dynamics, matching its stronger policy performance.



Main Contributions
• Contributions:

– We propose DiffTA, a conditional diffusion framework for cross-domain offline RL
that enforces target-domain dynamics during generation;

– We introduce three conditioning signals--Value Guidance, Domain Discrepancy
Score, and Policy Harmonization--to improve transferability, dynamics alignment,
and feasibility;

– Experiments under large dynamics shifts show consistent gains over strong
baselines, and ablations confirm the contribution of each component.


