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ABSTRACT

We propose a novel method of adapting generative robot control policies to suc-
ceed in unfamiliar environments with novel runtime constraints. We use a model-
based planner to optimize for trajectories that obey both the novel environmen-
tal constraints and the implicit task constraints learned by the policy model. We
achieve this by evaluating a policy-alignment objective that measures the policy
model’s success at reconstructing noised trajectories. We demonstrate this ap-
proach’s ability to generalize to two novel simulation environments with obstacles
not seen during training.

1 INTRODUCTION

Generative diffusion models have become a popular tool for representing robot policies, thanks to
their ability to generate diverse samples in high dimensional action spaces (Janner et al., [2022).
By learning to imitate an accessible number of expert demonstrations, diffusion policy models im-
plicitly capture complex constraints about what defines quality behavior for a given skill, including
workspace limits, temporal dependencies, and desired end-effector dynamics, without requiring en-
vironment models, constraint engineering or reward functions (Chi et al., |2024). But these models
struggle to produce adaptive behaviors when applied in environments with unfamiliar features—
novel obstacles, novel tool shapes, user preferences—that may require novel interactions to execute
the skill successfully. Model-based planners and optimizers can produce such behavior by searching
in a broader space of possible actions, but are often infeasible for complex skills, as attempting to
analytically define desirable skill behavior requires substantial engineering (Ha et al.| | 2020)), and for-
feits the efficiency and simplicity of model-free policy learning. Given a policy and a model-based
planner, can we leverage both to generate adaptive behavior in unfamiliar environments?

We propose a method, Implicit Policy-Steered Optimization (IPSO) for using learned models and
diffusion policies to generate novel, adaptive behaviors at inference time by optimizing jointly over
task constraints and a policy-alignment objective. By using the learned diffusion process to calculate
an objective that penalizes actions far from the policy model’s action proposal distribution, we can
enable a planner to jointly optimize for behavior that obeys the implicit constraints modeled by the
policy and additional constraints present in the novel environment, to produce novel behaviors that
improve task performance without requiring retraining. We highlight three benefits of this approach:

Capable of producing novel behavior: This approach enables generating behavior which may be
difficult or impossible to sample directly from the generative model, even when leveraging other
steering techniques like re-sampling or guidance.

Enables composing implicit and explicit task constraints: During optimization, it is possible to
compose arbitrarily many additional cost functions, integrating novel information without losing the
implicit task constraints captured by the learned policy.

Utilizes independent models: This method integrates completely independent, pretrained, environ-
ment and policy models, not required or assumed to share observation modalities. They are coupled
solely by action representation.

We evaluate this approach in two environments—navigating a 2D maze, and solving a PushT task
(Chi et al.L|2024). The policies are trained with no obstacles, and tested on environments with obsta-
cles. We evaluate this technique using policy and planning models learned with different observation
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Figure 1: When executed in an environment with an unfamiliar constraint, the learned generative
policy fails. Optimization-based planning respects the environmental constraint (the new red obsta-
cle), but fails to respect implicit task constraints learned by the policy (the T-block dynamics and
location of maze walls). Optimizing both the environment constraint and policy alignment objective
produces novel behavior that obeys the environmental constraint while still progressing the skill.

modalities. We compare to the performance of independent policy and planners, as well as existing
policy adaptation methods leveraging classifier guidance (Carvalho et al.|[2024) and post-hoc action
ranking(Qi1 et al., 2025). Our model is more consistently able to adapt behavior successfully to the
novel environment and succeed in both tasks.

2 BACKGROUND

A learned diffusion policy, mp(7|0P°!), models a distribution over sequences of actions a of length
h, where 7 = (ag...ap). OP°'(s) = oP°! is an observation of the environment’s state s given by the

policy’s observation function. Given an observation and an initial noise sample 7% ~ N(0,1),

the policy predicts a series of denoising steps e(T’“,ofOZ) that converges to a sampled action

70 = (ag...ay)(Chi et al}, 2024). Such a policy is trained to generate actions that progress the
environment towards a success state without violating any task constraints. These constraints com-
prise the information that exists implicitly in the mind of the demonstrator(s) providing examples
about how to act in the environment, who through their demonstration encodes them into the model.
We collectively call them Ciqp. For a successful skill execution, ;" ) Ciasr (s, a;) =0

We consider the problem of transferring a skill to a novel environment, in which a different set of
constraints, C' hold. We assume that some component of C” is C} ;. ~ Cyqsr—the implicit cost of
most (s, a) pairs will be similar, otherwise we wouldn’t expect executing this skill in this situation
to be useful at all. We label the remainder as G, arising from changes in the environment that were

not present in the training context, such that C' = C} . +G. When G can be modeled as a function

. . j lan - - - .
G(0P'*", @), and an environment dynamics model T (o}"*", a;) — of,7" is available, it’s possible

to identify favorable action sequences with respect to that objective using an optimization-based
planner. But analytically modeling C” in its entirety is infeasible for manipulation skills of any
complexity, as it includes information like inherent temporal dependencies within the skill.

We present a maze environment as an example in FigureHere, policy Tynaze (0%, goal) has been
trained to produce trajectories that avoid the black walls, implicitly capturing C',s;. The red walls
were not present during training, and can be modeled as G(0?!%" a) = 1(oP'®" € Obstacle).

3 METHOD

Relying solely on either planner or policy in the novel environment will frequently result in failure,
as neither can account for the complete set of constraints C” that define skill success. Instead, we can
perform joint optimization across modeled objective G and a policy-alignment objective, leveraging
the implicit, internal representation Cy, s that our learned policy has captured. This optimization
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Figure 2: Implicit Policy-Steered Optimization (IPSO) switches from policy execution to optimiza-
tion when the planning model predicts the policy will violate an environmental constraint.

only requires that our policy and model share an action representation, allowing us to leverage
independent pre-trained models with no need for pretraining.

3.1 POLICY-ALIGNMENT OBJECTIVE

Our goal is to identify a function that returns a low cost when a proposal trajectory 7 fulfills Cygsk,
thus appearing as a plausible output from our pretrained diffusion model. We leverage the observa-
tion that a noised plausible trajectory will denoise to an output close to its original form, while an
implausible trajectory will denoise to a very different output. Our objective is calculated as:

perturby (1) = T + o€, €, ~ N(0,1)

toreg () = ——7 — — 2L (¢g(, )
restore; (1) = T — eo(T,

£,0 Vaog ,/1—0[5 0
Crry (0P 7) = ||T — restore; o(perturb;(7))||2,

where £ € (0, 1] represents the magnitude of the noise applied (we found a low value, .01, empir-
ically most effective), and €y is the diffusion e-model. This is similar to the restoration gap metric
described in [Lee et al.| (2023)), which reconstructs the original trajectory by iteratively denoising
from . For speed, we use the intermediate prediction 7, from a single step of the reverse process
as our reconstruction. The final cost is the Ly distance between the proposal trajectory and the re-
construction. This objective penalizes noise and variation in scale, direction, and shape between
proposal and genuine generated trajectories. It is capable of modeling multi-modal distributions of
plausible actions, effectively representing the information captured by the policy.

3.2 IMPLICIT POLICY-STEERED OPTIMIZATION

We use our planning model to identify whether a policy-generated action sequence would incur cost
Zg G(oP'™™ a;) > g. by predicting state o’"*™ = T(o""", a) for every action in the sequence. g is
a preselected threshold implying violation of a constraint that would result in skill failure, and tran-
sition from policy to planner. When planning, we aim to produce behavior that is low cost in both
the implicit policy-alignment objective C', introduced in Section 3.1, and the planner objective G.
We optimize for argmin:Cy, (0P, #) + G(T(0"'*", #)) using the Cross-Entropy Method (CEM)
(Rubinstein, [1997). We initialize the proposal distribution mean from a set of iteratively noised
proposal trajectories, sampled radially from the agent’s observed position, selecting the nj;es tra-
jectories with lowest cost according to the composed objective. We find this improves performance
in multi-modal action distributions, where CEM often collapses to solutions between modes.

4 EXPERIMENTS AND RESULTS

We evaluate in two environments: a 2D maze environment and a PushT task. For each, we use
a pretrained diffusion policy for solving the task (For the maze, we trained on trajectories nav-
igating the maze without running into the walls. For PushT, we use Lerobot’s (Cadene et al.,
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Table 1: Policy steering experiment success rates
Policy Planner IPSO PHR Guidance Training

Maze 17/33 1/33 25/33 20/33 19/33 33/33
PushT 13/60 0/60 37/60 18/60 8/60 44/60

2024])) pre-trained visual diffusion policy, recreating |Chi et al.| (2024))’s results.) In each environ-
ment, at inference time, we add an additional constraint represented by a red obstacle, such that
G (0P a) = 1(oP'*™ € Obstacle). In the maze, the start and goal are randomized for each new
trial, the obstacle is placed in an empty grid space within the planning horizon of the policy. In
PushT, the initial agent and T positions are randomized for each trial, and the obstacle is placed
without overlap within a fixed radius of both the initial T and goal positions. Any violation of G, or
inability to complete the task, is a failure.

For each experiment, we assume access to an environment model relevant for evaluating G. For the
maze, we use T'(s,a) = s + a. The PushT environment is a non-prehensile manipulation task with
more complex dynamics—to demonstrate both the performance of our method using a learned envi-
ronment model, and its ability to utilize independently trained policy and planning models without
shared representation, we use a pre-trained equivariant trained keypoint model (Orozco et al.|,|[2025).
We compare our method to the independent use of the policy and planner, as well as:

Post-hoc Ranking - We sample a fixed number (10) of samples 7 from the policy, evaluate
G(T(oP'™, 7)), and select the sample with the lowest cost, following|Qi et al.| (2025).

Classifier Guidance - We compare to the use of a Signed Distance Field-based guidance term, as
used in|Carvalho et al.|(2024).

As shown in Table |1|IPSO successfully adapts to the presence of a novel environmental constraint
in both settings, outperforming naive policy and planner execution, as well as comparable baselines,
which are capable of steering the base generative model, but are not capable of generating novel
adaptive behavior. The training result is the success rate of the base policy in the training environ-
ment, without obstacles. IPSO is limited by the completeness of the base policy’s representation of
useful actions—it can fail when all proposal trajectories that are low-cost in C, violate G.

5 RELATED WORK

Other examples of diffusion policy steering for robot skill execution include Wang et al.| (2025),
which demonstrates classifier-guidance based steering to drive policies to resemble user-provided
trajectories. |Carvalho et al.| (2024) steers a dedicated motion-planning policy to avoid novel obsta-
cles at inference time by using a Signed-Distance Field based guidance term. Our method does not
require human input, and uses an optimization-based technique rather than guidance. |Du & Song
(2025)) uses a learned, differentiable dynamics model to predict action outcomes and guides the base
policy based on outcome similarity to a provided goal in latent image space. Our method uses a
dynamics model in calculating an optimization objective—ours does not require that model to be
differentiable . Q1 et al.| (2025) uses a dynamics model and inference-time objective to select from
multiple samples from the initial diffusion policy. Our method uses the initial policy to produce a
policy-alignment objective to steer an optimization-based planner, enabling our method to produce
novel actions not sampled from the initial policy.

6 CONCLUSION AND FUTURE WORK

We find that Implicit Policy-Steered Optimization is a promising method for jointly leveraging a
learned policy and model-based planner to generate adaptive behavior in novel environments, with-
out requiring retraining or heavy constraint engineering. In addition to expanding our experiments
to evaluate this method on real-world robotics tasks, we’re interested in further exploring how the
traits of the base policy (multi-modality, state-space coverage) impact its steerability under this and
other approaches, as well as integrating more targeted methods for multi-objective optimization.
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