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Abstract

Generative action policies based on diffusion or flow matching excel in behavior
cloning, yet their iterative sampling is prohibitive for high-frequency robot control.
While recent one-step formulations alleviate this latency, they inevitably discard the
intermediate trajectory evolution that provides crucial action correction. Directly
recovering this mechanism by explicitly estimating a training-time drifting field
is challenging under sparse conditional demonstrations. We introduce Implicit
Drifting Policy (IDP), a one-step imitation learning framework that brings the
training-time correction of Drifting into policy learning without explicit vector
field estimation. IDP extracts a conditional expert geometry from the local
variation of observation-similar expert actions, and compares it against a global
reference geometry to isolate condition-specific constraints. This local geometric
structure adaptively weights a scalar potential objective. Combined with an expert-
proximal terminal evaluation, IDP incorporates local geometric correction into the
one-step generator during training. Extensive evaluations across 2D, 3D, and real-
world manipulation tasks show IDP effectively maintains adherence to valid action
manifolds, improving upon explicit drifting methods and achieving competitive
performance with strong one-step baselines.

1 Introduction

Robot imitation learning maps observations to continuous actions. To achieve this, behavior cloning
commonly trains a policy with a regression loss to predict an expert action or action sequence from
an observation. This form is simple and efficient, but it compresses action generation into a single
prediction. Diffusion Policy introduced diffusion models into this setting by formulating action
prediction as conditional denoising, gradually generating actions from noise toward expert actions [J5].
Subsequent flow-based policies further describe action generation with continuous flows or flow
matching [34]. Compared with direct prediction, diffusion and flow policies retain intermediate states
during generation, allowing an action to be formed through multiple updates. This intermediate
computation is one of the key distinctions between generative policies and regression-based policies.

The inference cost of generative policies has motivated faster action generation methods. Consistency
Policy and One-Step Diffusion Policy compress diffusion policies through consistency training or
distillation [27,|31]. Shortcut Models and flow-map methods learn longer-range generative maps to
reduce sampling steps [[10, 22]]. Beyond sampling speed, a more basic question is what multi-step
generation contributes to control. Much Ado About Noising analyzes generative robotic control from
this perspective and argues that its benefits are closely tied to stochasticity injection and supervised
intermediate computation, rather than multimodality alone [25]]. This raises a question for one-step
policies: when inference no longer contains multi-step updates, how can training still provide a useful
action-correction signal?
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(a) Explicit Drifting. (b) Implicit Drifting.
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Figure 1: (a) Explicit Drifting constructs targets by estimating a drifting field between expert actions
(purple) and policy predictions (blue). Relying on the evolving policy state and mini-batch sampling
can make the target sensitive to minibatch composition and the current policy state. (b) Implicit
Drifting Policy (Ours) directly extracts a Conditional Expert Geometry (green) from expert actions
under similar observations.

Drifting models study a related mechanism in generative modeling. Drifting trains a single-pass
generator and uses a drifting field during training to move the current model distribution toward
the data distribution [7]]. Recent analyses connect this field to score-based transport directions and
terminal data-grounded correction [18} [22]. Here, correction affects the learning dynamics while
inference remains a single generator evaluation. This makes Drifting relevant to one-step action
policies: the training objective itself can carry part of the action-correction role, reducing reliance
on additional sampling steps at deployment. However, behavior cloning provides a different form
of supervision. For a given observation, demonstrations usually provide a single expert action.
Estimating a drifting field around the policy output thus requires batch neighbors and the prediction
location to approximate local conditional structure. Such estimates vary with the mini-batch and
evolving policy state, making the target sensitive to implementation details (Fig[I](a)).

We argue that a reliable correction signal should instead emerge from the local structure already
present in demonstrations. A single observation provides one expert action, while expert actions
under similar observations provide local references. Similar observations often correspond to nearby
task states or control contexts. Within these local references, variation among expert actions indicates
which action directions are more consistent near the current condition and which directions allow
more variation. We use this demonstration-supported information to build a training signal that
emphasizes errors along locally important action directions, without estimating a drifting field as a
separate supervision target. This keeps the training-time correction view of Drifting while grounding
the correction source in local action structure observable in imitation learning.

Motivated by this, we propose Implicit Drifting Policy (IDP). IDP formulates an implicit correction
objective that minimizes a geometry-aware potential. The core of this potential lies in its adaptive
directional weights, which we derive by extracting a conditional expert geometry from the local
variation of expert actions under similar observations (Fig E] (b)). To isolate condition-specific
constraints, we further compare this local geometry with a global reference geometry, ensuring that
inherently low-variance dimensions are not mistakenly penalized. Finally, to ensure the network
effectively captures the local manifold topology defined by this potential, IDP introduces an expert-
proximal evaluation during training, exposing the one-step generator to the local correction structure
near expert actions. Across 2D, 3D imitation tasks, and real-world robot experiments, IDP improves
over explicit drifting variants and remains competitive with strong one-step policy baselines. In
summary, our contributions are as follows:

* We introduce Implicit Drifting Policy (IDP), a one-step imitation learning framework.
By minimizing a geometry-aware potential and introducing an expert-proximal training
evaluation, IDP brings the training-time correction of drifting into policy learning.

* We propose a method to extract local action correction structures by comparing the condi-
tional expert geometry under similar observations against a global reference geometry.
This adaptively isolates condition-specific constraints to weight the correction potential.

* We evaluate IDP across 2D, 3D, and real-world manipulation tasks. Results demonstrate that
IDP outperforms explicit drifting variants and exhibits stronger adherence to local action
constraints over strong one-step baselines.



2 Related Work

Generative action policies and one-step acceleration. Continuous-action imitation learning
commonly uses behavior cloning, where a policy predicts expert actions from observations. Diffusion
Policy formulates action prediction as conditional denoising, so that actions are formed through
multiple denoising steps [S)]. Flow matching provides a continuous-time transport formulation for
generative modeling [23]], and has been used for policies with point-cloud inputs, spatially structured
action representations, 3D manipulation, and action-to-action generation [6l [11} 134} [16]. Recent work
reduces the inference cost of generative policies from several directions. Consistency Policy [27]
and ManiCM [24]] use consistency models to accelerate diffusion policies. One-Step Diffusion
Policy [31]], One-Step Flow Policy [20], and MP1 [30] obtain single-step policies through distillation,
self-distillation, or average-velocity learning. Streaming Diffusion Policy [13], Falcon [4], and
Real-Time Iteration Scheme [8] reduce, reorganize, or reuse the denoising process to lower latency.
In broader generative modeling, Shortcut Models [10], Mean Flows [12]], flow-map distillation [2],
and Align Your Flow [29]] study long-interval or one-step generative mappings. Much Ado About
Noising [25] moves the discussion from sampling steps to mechanism, arguing that the benefit
of generative control policies is closely tied to stochasticity injection and supervised intermediate
computation. Our work follows this concern for one-step policy training and asks how training can
retain an action-correction signal once deployment uses a single policy evaluation.

Drifting models and training-time correction. Drifting models study one-step generative model-
ing from the perspective of training-time distribution evolution, where a drifting field describes the
direction that moves the current model distribution toward the data distribution. Generative Modeling
via Drifting [7]] trains a single-pass generator and uses this drifting field during training. Subsequent
analysis relates the drifting field to score-based transport directions [[18]]. Long-Short Flow-Map [22]]
further interprets data-grounded terminal correction as supervision for a long map. These works
provide a view of training-time correction for one-step generation, primarily in distribution-level
generative modeling. Behavior cloning provides a more specific form of supervision. Since demon-
strations usually provide only a single deterministic expert action for a given observation, estimating
a continuous drifting field around the current policy output is forced to depend on local mini-batch
neighborhoods and the evolving prediction location. We build on the training-time correction view of
Drifting while grounding the correction signal in local information available in imitation learning.

Geometric structure in imitation learning. Imitation learning has long used demonstrations to
represent action distributions, trajectory structure, and variability. Gaussian mixture regression,
dynamic movement primitives, probabilistic movement primitives, kernelized movement primitives,
and stable dynamical systems learn local means, covariances, temporal evolution, or stable control
fields from demonstration trajectories [13} [15 26, [14, [17]. More recently, Geometry-aware Policy
Imitation treats demonstrations as geometric curves and derives distance fields that induce attraction
and progression flows for policy synthesis [21]. Another line of deep imitation learning focuses
on multimodal continuous actions. Implicit Behavioral Cloning uses energy-based objectives, and
VQ-BeT uses latent action tokens for behavior generation [9} [19]. These works show that imitation
data contains structure beyond a single regression target. Our use of geometry focuses on the local
variation of expert actions under similar observations as a training-time correction signal for one-step
policies. Compared with distance-field policy synthesis or action-distribution modeling, our objective
uses local geometry during training while preserving single-evaluation deployment.

3 Preliminaries

From Multi-Step to One-Step Action Generation. In conditional imitation learning, given a
dataset of expert demonstrations D = {(0;,a})}Y,, the objective is to learn a policy mapping
an observation o € O to an expert action chunk a* from the target data distribution pgan(a*|o).
Traditional behavior cloning (BC) frames this as a single-step direct mapping a = fp(0), optimizing
the isotropic mean squared error E, 4« .. || fo(0) — a*||3. While deployment is highly efficient,
this objective reduces generation to an isolated endpoint prediction, failing to exploit the geometric
structure of the expert action manifold. Generative action policies address this by constructing a
continuous trajectory over a virtual time ¢ € [0, 1], where a; denotes the intermediate state. Starting
from an initial source sample ay ~ pg, diffusion models progressively reach the final action via a



denoising path, typically optimized using the denoising loss Lpp = E[||es(as, 0,t) — €||3]. Evolving
from this, flow matching directly formulates the trajectory via an ordinary differential equation (ODE)
da; = vg(ayr, 0,t)dt driven by a velocity field, optimizing Lrm = E[||vg(ar, 0,t) — % a.||3]. This
multi-step evolution naturally retains the capacity for progressive error correction.

To reduce inference latency, recent acceleration algorithms compress the intermediate path to di-
rectly learn a one-step endpoint mapping or a large-stride velocity. For instance, Consistency
Policy [27] learns a mapping fg(o, as+,t) by imposing a cross-time self-consistency constraint:

Lo =E [|| fo(o,as,t) — fo(o,ap,t )Hg} , enforcing any intermediate point on the trajectory to map

to the same endpoint (where ¢ is the target network parameter). Similarly, MeanFlow [12] learns the
average velocity ug(ay, 0,7, t) over a time interval [r, t] by satisfying an intrinsic identity between aver-

age and instantaneous velocities: Ly = E [Hug(at, o,r,t) —sg [v; — (t — r)Lug(as, 0,7, t)] Hﬂ,

where sg[-] denotes the stop-gradient operator. However, whether relying on target-network distilla-
tion or higher-order derivative identities, the optimization processes encounter specific challenges.
When the virtual intermediate evolution is bypassed, reconstructing the corrective signal for the
one-step mapping without relying on expensive cross-step constraints remains a crucial problem.

Explicit Drifting in Behavior Cloning. Drifting models offer a mathematical framework to isolate
the correction mechanism entirely within the training phase. Given the target data distribution pga,
and generated distribution gy, Drifting constructs an explicit continuous vector field V), ,(a) =
V;F(a) — V. (a) comprising attraction and repulsion. This field dictates the optimal displacement
for a generated sample a toward the data manifold. Based on a kernel function k(-, -), the attraction

and repulsion fields are respectively defined as:

V+( ) _ EyN;de [k(a7 y)(y 7 a)] ( ) _ Eque [k(aa y)(y B a’)] ) (1)

a) = , V(a) =
b Eypua [k(a,y)] Eygy [k(a,y)]

The one-step generator fy is trained to regress this field-displaced frozen target:

Losite(0) = Eagmpo |1 fo(0,a0,0) =58 [fo(0, a0,0) + Vi (fo(0, a0, 0))][13 - @

In unconditional generation, the rich sample sets supporting the distributions enable the vector field
to provide smooth manifold guidance. However, directly porting this explicit drifting mechanism
to conditional behavior cloning encounters a fundamental structural degeneration. Consider the
following proposition:

Proposition 3.1 (Degeneration of Explicit Drifting in Behavior Cloning). Assume that in behavior
cloning, the empirical expert conditional contains only one recorded action a; for a specific obser-
vation o;, and the generator produces a single prediction a = fy(0;, ag,0) per training iteration.
The empirical conditional distributions degenerate into Dirac measures Pauq(ylo;) = 6(y — a})
and Go(ylo;) = 0(y — a). For any translation-invariant positive kernel k(-,-), the empirical con-
ditional drifting field mathematically evaluates exactly to Vj 4(alo;) = af — a. Consequently, the
field-displaced regression objective becomes exactly equivalent to the isotropic Mean Squared Error,
losing all local geometric guidance. (Proof. See Appendix[A.1])

While the underlying control task may tolerate variations around a; (e.g., alternative valid trajectories
or recoverable states), the preceding analysis highlights that the empirical target distribution in
standard BC training is too sparse to directly support the estimation of a continuous drifting field. To
circumvent this degeneration in practice, models must resort to empirical approximations, such as
synthesizing a localized empirical distribution by drawing multiple independent noise samples per
observation during training and applying self-masking heuristics. While successful in avoiding the
collapse to MSE, these approximations significantly increase computational overhead and entangle
the correction field with transient sampling densities. This practical challenge motivates us to explore
an alternative path: rather than regressing an explicit dynamic vector field, we extract the static local
geometric structure directly from demonstrations.

4 Implicit Drifting Policy

Given the challenges of estimating explicit continuous vector fields under sparse empirical distri-
butions, we explore an alternative path. Our core idea is to shift away from regressing dynamic
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Figure 2: Overview of Implicit Drifting Policy. (a) Expert action a; anchors the local action space.
(b) Weights w;; select observation-similar expert actions to form a Conditional Expert Geometry
G; around a}. (c) Comparing G; with reference geometry 3,¢ yields the Local Geometry Excess
m;. (d) The induced metric M; defines a potential E;, where —V E;(a) supervises both deployment
proposal y; and expert-proximal evaluation z;.

drifting fields, and instead consider extracting the local geometric structure directly from static expert
demonstrations, converting it into a potential objective that induces correction (see Fig2).

4.1 Implicit Correction Objective and Local-Aware Evaluation

To avoid regressing a high-dimensional and unstable continuous drifting field, we consider construct-
ing an implicit correction field directed toward the expert target a;. In the most basic case, a simple
attraction field can be written as Viase(a) = af — a. However, this simple attraction is isotropic. In
multi-step generative models, isotropic targets, like MSE loss, are sufficient because the model can
implicitly adjust and align with the action manifold through hundreds of inference iterations along
the intermediate trajectory. However, for a one-step generator, it loses the ability to progressively
correct errors along the intermediate path. If the training objective does not explicitly reinforce the
tightness of constraints across different action dimensions, the prediction is highly prone to diverging
from the valid manifold structure in a single stride. Therefore, for a given predicted action a, we
consider applying a geometry-aware correction vector:

Ai(a) = M;(a — a), 3)

where M; = 0 is a positive semi-definite symmetric matrix acting as geometry-adaptive weights,
determining the strength of the correction force along different directions.

For fixed symmetric M; > 0, the geometric correction is the negative gradient of the following
potential (Appendix [A2):

1
E¥(a) = 5(a—af) Mifa - a). @
The complete geometric potential objective incorporates the isotropic error of behavior cloning:
1 * 1 * * *
Ei(a) = glla = afll3 + B (a) = 5[l — a7 [5+ (a — a}) "Mi(a — a])] )
N——
isotropic error geometry-adaptive penalty
whose full negative gradient naturally yields a combined correction force: —V,E;(a) = (I +

M;)(af —a) (Fig (d)). The first term of this potential is equivalent to the isotropic error of behavior
cloning, while the second term adaptively increases the penalty for constrained directions based on
M;. We transform the regression of an explicit vector field into the minimization of a potential.

However, the constraint characterized by matrix M; is statistically grounded primarily within the local
vicinity of the expert action a; . If the optimization process applies this potential constraint exclusively
at the standard initial prediction point y; = fg(0;, ag, 0), the network might struggle to adequately
learn the true topology of the local manifold. To ensure that this local potential effectively guides
network learning, we consider introducing an expert-proximal evaluation anchor during training. By
selecting a time scalar ¢, € (0, 1) close to 1, we construct a probing input @; = a} + (1 —t.)e; (where
€; ~ N (0, 1)) by injecting exploratory noise proportional to the distance around the expert action.
We evaluate the mapping at this proximal location, yielding z; = fy(0;, @;, t«). Here, t indexes the
virtual generation stage of the action input. We use ag = 0 for the direct prediction. Therefore, the
single-step prediction and the local probing are controlled by the same geometric potential objective,
formulating our total training objective as:

L=Eiwp [Ei(yi) + Aprox Ei(2)] (6)



where Ap,;ox is @ hyperparameter balancing the standard endpoint regression and the expert-proximal
evaluation. Implementation settings are given in Appendix [D.2] The expectation also covers the
input perturbation noise. This construction establishes the skeleton of the entire implicit correction
framework. The core challenge then becomes how to extract the adaptive constraint matrix M; from
static demonstration data to reflect the current control state.

4.2 Conditional Expert Geometry as the Correction Source

To ensure the adaptive penalty effectively limits invalid actions, we consider grounding the construc-
tion of matrix M; in the authentic structure of the demonstration data. In control manifolds, similar
observation states usually correspond to analogous robot poses or environmental layouts, which
physically often impose similar operational bottlenecks and obstacle avoidance constraints. Under
similar observations, expert-action variation provides a local reference for which action coordinates
are more consistent. Comparing this variation with the minibatch reference lets us strengthen the
potential along relatively more consistent coordinates while retaining the baseline penalty elsewhere.

To extract this structure, we need to identify and aggregate similar control contexts in the feature
space. We normalize the embeddings to remove feature-magnitude effects and apply stop-gradient to
keep the geometry statistics fixed during backpropagation:

_ sgloo(0:)]
|| sglpg(0i)]ll2 +¢

h; @)

To evaluate the correlation between different states, we first compute the pairwise feature inner
products s;; = h; h;. The scale of similarity differences can vary across rows, affecting how
concentrated the softmax weights become. To mitigate this issue, we adopt row-normalization
5 = 2’71‘5”, and compute the neighborhood weights w;; o exp(5;;) by applying softmax over all
B samples in the minibatch. Based on these weights, to quantify the degree of action divergence
under the current observation, we define the Conditional Expert Geometry matrix within the local

space of the expert action a; (Fig (b)):
B
Gi =Y wij(a; —aj)(aj —aj)". ®)
j=1

G, describes the spread of related expert actions around a;. Smaller spread along a direction
indicates more consistent expert actions around the target. This local geometry provides the basis for
constructing the correction weights M; (Appendix [A.3).

4.3 Local Geometry Excess

Directly utilizing the inverse of G; as M; could introduce biases. This is because certain action
coordinates may naturally maintain extremely low variance globally across the entire task. We
consider it necessary to distinguish the condition-specific constraints triggered purely by the current
observation from this inherent global action scale.

In a general multivariate form, distinguishing the condition-specific constraints from the global
marginal prior typically requires comparing their inverse covariance matrices. Let Pf°*d = (G; +
el)~! and P! = (S, + eI)~!. The geometry excess can be conceptualized via a non-negative
truncated comparison, such as M; o [(Pref)=1/2 peond(prefy=1/2 _ ], which usually involves
expensive generalized eigenvalue decomposition operations. Considering computational efficiency
and to ensure relatively independent penalties across dimensions, we adopt a diagonal instantiation in
practice. Specifically, we compute the diagonal conditional variance vfﬁjld = Ele wij(a} 4 —a; Pk
and the global reference variance v = - Zf;l (ajq— aj;)?. Both statistics are computed within
the current minibatch: the local second moment is centered at a;, and the reference variance is
centered at the batch mean. To eliminate dimensional impacts and compare the tightness of different
dimensions on the same relative baseline, we convert them into normalized inverse-standard-deviation
scales:

seond _ (U;?ind + E) e sref — (UQEf + 5) o ©)
TR T TR T



Table 1: Performance on 3D pointcloud manipulation. We assess performance on 56 challenging
tasks with 3 random seeds. The aggregate standard deviation averages the per-task standard deviations
across seeds.

Adroit DexArt MetaWorld

Methods NFE - - Avg.

Hammer Door Pen Laptop Faucet Bucket Toilet Easy (28) Medium (11) Hard (5) Very Hard (5)
Multi-Step:
DP37 10 1000 6244 4316 83+1 63+2 46+2  82+4 909 61.6+6.5 38.0+4.2 49.0+6.8 73.9+3.3
Flow 10 100+0 243 69+3 9243 37+5 34+5 8047 66.7+7.7 11.347 10.3+7.2 16.7+7.6 57.9+7.0
DP3* 10 1000 58 53 83 40 25 74 91.5+( 74.5+5.7 54.2+41 71.8+1.0 79.4
Flow* 10 99+1 69+3 45:3  85:0 4244 26+3 7413 922:07 74.6+5.0 55.243.0 70.8+3.0 79.9:22
Flow-Map / Shortcut / Few-Step:
CP 1 98+3 67+5 6545 87+3 4444 29+4 82+4 68.3+1.8 32.1+4.3 28.7+5.2 36.0 54.7
MPI 1 1000 7443 7243 88+5 1241 3310 82+2 70.5%6.1 37.9+5.9 343495 323455 574+5.8
OneDP 1 9941 67+2 65+2 89+4 4543 33+6  83+4 77.7+x0.5 39.6+9.2 38.7+4.4 41.7+1.6 62.4+3.0
OFP 1 1000  79+7 76+7 9243 46-+4 39+0 81+3 87.9+46 52.4+5.7 433424 49.2+0.7 71.6+4.1
CpP* 1 97+2  66+0 54+2 T6+11  38+0  25+5  T3+4 79.8+14 59.4+12 41441 62.0+5.2 68.4+11.9
MP1* 1 991 4842 5844 8243 4642 2643 69+3  91.3+10 75.4-5.6 57.6-16 72.8+4.2 79.7+25
FlowPolicy* 1 98+2  66+1 55+2  86+2  40+1  28+0  76+3  90.4-0: 67.046.2 512448 67.0=3.0 76.9:25
Drifting Methods:
Naive Drifting* 1 100-0 67+3 43+5 9514 46+3 29 82+6  92.7+1% 70.7+6.5 5424158 73.2+5.2 79.8+35
Ours* 1 100:0  67+2 52:4 96:3 4811 300 83:i6 93.2:0s 73.6+3.0 564442 74214 81.3:2.0

* Results are reproduced on a single NVIDIA A40. T Results are cited from DP3. All other baselines cited from OFP.

Since we only wish to penalize dimensions that become more strictly constrained due to the current
observation than they usually are, we consider utilizing the filtering property of the one-sided ReLU
operator to define the Geometry Excess (Fig[2](c)):

cond
i,d

Sref+€71
d

m; 4 = ReLU , M; = Diag(m;). (10)

The ReLU retains only the part of the normalized local-to-reference ratio exceeding one, leaving a
baseline coefficient of one in the other coordinates. For action chunks, m; ¢ 4 is retained separately
for each time—action coordinate pair. Consequently, we filter out inherent features that do not surpass
the baseline, extract the specific geometry associated with the current state, and use it as the adaptive
weight matrix M; for the potential in Section

5 Experiments

We design our experiments to examine four questions that follow the construction of IDP:

* H1: Performance. Can IDP improve one-step action generation across simulated and real
manipulation tasks, while narrowing the performance gap to multi-step generative policies?

* H2: Implicit Correction and Local-Aware Evaluation. Can IDP benefit from local
geometric supervision by being evaluated near expert actions during training?

* H3: Conditional Expert Geometry. Do expert actions under similar observations provide
useful local geometry for guiding action correction?

* H4: Local Geometry Excess. Does comparing conditional geometry with reference
geometry isolate condition-specific constraints from marginal action variation?

5.1 Experimental Setup

Tasks. We evaluate IDP on three settings: (i) 2D state- and image-based benchmarks following the
MIP protocol [25] on Robomimic (Lift, Can, Square, Transport, with both ph and mh), Tool-Hang,
and PushT, (ii) 3D pointcloud-conditioned manipulation following OFP [20] and FlowPolicy [34] on
56 tasks across Adroit [28]], DexArt [1], and MetaWorld [32]], and (iii) a real-world “Pick Peach” task
on a single-arm ALOHA platform with a strictly bimodal demonstration distribution.

Baselines. We compare against multi-step generative policies (DP [5], DP3 [33l], Flow [23]),
few-step / one-step accelerated policies (CP [27], MIP [25], MP1 [30]], OneDP [31]], OFP [20],
FlowPolicy [34])), and the explicit drifting baseline (Naive Drifting [7]).



Table 2: Performance on 2D state-based robotics manipulation tasks. We report the best success rate
/ the mean over the last five evaluations during training. Each result is averaged over two network
architectures (Transformer and CNN), three training seeds, and 50 environment initial conditions.

Lift Can Square Transport
Methods NFE Tool-Hang  PushT Avg.
mh ph mh ph mh ph mh ph

Multi-Step:
DP 100 1.00/0.99 1.00/1.00 0.98/0.92 1.00/0.98 0.81/0.72 0.96/0.92 0.45/0.34 0.73/0.62 0.84/0.71 0.95/0.92 0.87/0.81

Flow 9  1.00/0.99 1.00/1.00 0.96/0.92 1.00/0.98 0.76/0.65 0.95/0.90 0.33/0.23 0.74/0.59 0.70/0.57 0.96/0.94 0.84/0.78
Few-Step / Flow-Map / Shortcut:

MIP 2 1.00/0.99 1.00/1.00 0.96/0.94 1.00/0.98 0.80/0.69 0.96/0.88 0.44/0.35 0.71/0.58 0.68/0.55 0.96/0.94 0.85/0.79
CP 1 0.99/0.97 1.00/1.00 0.83/0.74 0.99/0.96 0.49/0.45 0.88/0.82 0.01/0.01 0.32/0.24 0.43/0.33  0.94/0.91 0.69/0.64
MP1 1 1.00/0.99 1.00/1.00 0.96/0.87 1.00/0.97 0.77/0.62 0.96/0.88 0.24/0.14 0.52/0.39 0.76/0.63 0.95/0.92 0.82/0.74
Drifting Methods:

Naive Drifting 1 1.00/0.99 1.00/1.00 0.96/0.91 0.99/0.96 0.70/0.60 0.97/0.90 0.30/0.22 0.68/0.58 0.53/0.42 0.95/0.91 0.81/0.75
Ours 1 1.00/0.99 1.00/1.00 0.98/0.94 1.00/0.97 0.82/0.68 0.95/0.88 0.41/0.29 0.72/0.58 0.81/0.60 0.97/0.92 0.87/0.79

Table 3: Performance on 2D image-based robotics manipulation tasks. We report the best success
rate / the mean over the last five evaluations during training. Each result is averaged over two network
architectures (Transformer and CNN), three training seeds, and 50 environment initial conditions.

Lift Can Square

Methods NFE Tool-Hang ~ PushT Avg.
mh ph mh ph mh ph

Multi-Step:

Dp 100 1.00/0.98 1.00/0.99 0.90/0.82 0.98/0.94 0.87/0.76 0.97/0.91 0.48/0.33 0.93/0.88 0.89/0.83

Flow 9  1.00/0.98 1.00/0.99 0.93/0.83 0.99/0.94 0.86/0.78 0.98/0.90 0.47/0.35 0.92/0.86 0.89/0.83

Few-Step / Flow-Map / Shortcut:

MIP 2 1.00/0.96 1.00/0.99 0.89/0.83 0.97/0.93 0.82/0.71 0.95/0.83 0.46/0.28 0.87/0.84 0.87/0.80

CP 1 1.00/0.98 1.00/1.00 0.77/0.63 0.80/0.60 0.70/0.59 0.92/0.86 0.22/0.12 0.88/0.83 0.79/0.70

MP1 1 1.00/0.97 1.00/0.99 0.87/0.77 0.77/0.68 0.85/0.78 0.96/0.90 0.43/0.27 0.86/0.79 0.84/0.77

Drifting Methods:

Naive Drifting 1 0.99/0.96 1.00/0.98 0.90/0.79 0.95/0.84 0.80/0.69 0.92/0.84 0.46/0.26 0.91/0.86 0.87/0.78

Ours 1 1.00/0.97 1.00/0.99 0.95/0.88 0.99/0.94 0.82/0.74 0.94/0.86 0.48/0.33 0.92/0.86 0.89/0.82

Metrics. We report success rates averaged across 2 architectures (Transformer / CNN) and 3 seeds for
2D tasks, and across 3 seeds for 3D tasks. Detailed task descriptions, baseline reproduction settings,
hyperparameters, and compute resources are deferred to Appendix [CHD}

5.2 One-Step Policy Performance (H1)

Simulated Manipulation. To address H1, we evaluate the control performance of IDP across the 2D
and 3D simulated benchmarks. As detailed in Tables and[I] IDP achieves highly competitive
success rates across state, image, and pointcloud modalities. Compared to the explicit Naive Drifting
baseline, IDP generally yields more stable and improved performance, suggesting that the implicit
geometric objective can serve as a more reliable correction mechanism than empirical vector field
estimation. When assessed against other leading single-step methods (e.g., CP, MP1, and OFP),
IDP demonstrates solid performance, matching or slightly exceeding their success rates on the
majority of tasks. Furthermore, operating purely at NFE = 1, IDP performs closely to the multi-step
generative references (e.g., 100-step DP and 10-step DP3) in several settings. These results indicate
that incorporating implicit geometry effectively aids in synthesizing high-quality actions without
necessarily relying on iterative inference steps.

Real-World Manipulation. We further validate IDP on a single-arm ALOHA platform on a “Pick
Peach” task with a strictly bimodal demonstration distribution (50% left, 50% right). Each method
is evaluated over 10 trials (5 per mode) under both state-based (qpos) and vision-based modalities.
The full hardware and protocol are deferred to Appendix [C.3] In the vision-based setting (Table ),
IDP achieves 50% success while DP, Naive Drifting, and MIP all fail at 0%. Qualitatively, the
failing baselines exhibit a consistent deviation from the action manifold: they grasp at locations
noticeably behind the target peach, and multi-step DP additionally outputs invalid intermediate
gripper commands (e.g., freezing at 0.769) while breaking the high-frequency control loop with its
sluggish inference. IDP adheres to valid grasping poses with real-time reactivity, supporting our
geometric hypothesis. In the state-based setting, where joint-angle proximity is a poor proxy for task
context, IDP-qpos (30%) underperforms MIP-gpos (40%). We discuss this regime in Appendix [E



Table 4: Success rates on the Table 5: Ablation results on
real-world “Pick Peach” task. ToolHang-State (Max / Avg).

Modality Method SR (%) Method ToolHang-State
bp 10 Naive Drifting 532/424
State-based ~ MIP 40 IDP (Ours) 81.0/60.0
(qpos) Naive Drifting 0 w/o terminal eval 40.0/25.5
| Ours 30 uniform neighbors 65.0/59.5
. e DP 0 shuffled neighbors 75.0/52.0
Figure 3: Real-world “Pick  vision-based MIP 0 w/o reference geometry 78.0/54.5
Peach” task visualization. (image) gal\’e Drifting 500 absolute excess 75.0/57.0
urs
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at a; a:

Figure 4: Observation-conditioned expert-action scatter on PushT-State. Colored points denote
weighted neighbors. Blue and gray ellipses illustrate local and global action scatter.

All evaluated methods, including IDP, MIP, and 100-step DP, learn a single placement mode under
perfectly balanced bimodal demonstrations. Multi-step DP also fails to complete the task in this
setting. IDP retains action-validity within the learned mode. Mode coverage remains an open problem
we discuss in Appendix [F

5.3 Ablation Study (H2 ~ H4)

We ablate the core designs of IDP to address hypotheses H2 ~ H4. As our geometric objective
primarily benefits tasks with narrow successful action regions, we conduct quantitative ablations on
ToolHang-State (Table [3).

Expert-proximal evaluation (H2): Removing the expert-proximal probe collapses the success rates
on ToolHang-State from 81.0%/60.0% to 40.0%/25.5%, well below Naive Drifting (53.2%/42.4%).
The probe is therefore essential for internalizing the local correction structure into the one-step
generator. Conditional expert geometry (H3): Replacing observation-conditioned neighborhood
weights with uniform or shuffled ones degrades the success rates to 65.0%/59.5% and 75.0%/52.0%
respectively, confirming that the geometry must be condition-specific. Fig. ] visualizes this construc-
tion on PushT-State: observation-similar demonstrations form local covariances that deviate from the
global reference with moderate anisotropy (x = 1.2—1.7). Further component ablations are reported
in Appendix [E.2] Reference geometry and local excess (H4): Removing the reference geometry
reduces success from 81.0%/60.0% to 78.0%/54.5%, while absolute excess gives 75.0%/57.0%. The
full construction outperforms both variants, supporting the reference comparison and positive relative
excess for geometry-aware supervision.

6 Conclusion

This paper addresses the loss of intermediate error correction in one-step action generation by
proposing the Implicit Drifting Policy (IDP). IDP extracts local geometric constraints directly from
expert actions under similar observations. By combining this conditional expert geometry with an
expert-proximal training evaluation, IDP structurally internalizes the local manifold topology into a
single-step generator. Extensive evaluations across 2D, 3D, and real-world manipulation benchmarks
demonstrate that IDP effectively adheres to valid action manifolds, substantially improving upon
explicit drifting methods while achieving superior geometric precision against strong one-step
baselines. Appendix [F discusses the limitations of IDP. Improving demonstration coverage and
extending the policy to multi-modal action generation are directions for future work.
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Appendix

A Proofs and Derivations

A.1 Proof of Proposition 3.1 (Degeneration of Explicit Drifting in Behavior Cloning)

Proof. We compute the empirical conditional drifting field explicitly under the Dirac assumptions
and substitute it into the field-displaced regression objective.

We first restate the conditional drifting field. Conditioning on o;, the attraction and repulsion
components are

VI;L(G | 0;) = EyNﬁdam(-\Oi)[k(a,y)(y - a)}7 Vow (a | Oi) _ Ey~qg(-|oi)[/€(a7y)(y _ a)]

Eypua(-loi) (K (@, y)] / Eydo (o) [K(a; y)]
where the empirical conditional distributions are Paa(y | 0;) = d(y — af) and §o(y | 0;) = 6(y — a)
with a = fp(0;,ag,0).

NCYY

We next evaluate the attraction V;;r. By the sifting property of the Dirac measure,
Eynpuaa(-lon) [F(a,y)(y — a)] = /k(a, y) (y—a)d(y —a;) dy = k(a, a7) (aj —a),  (12)

By o (-lon) [F(a,y)] = /k(a, y)o(y — aj) dy = k(a,ay). (13)

Since k is positive (k(a, af) > 0 for all a, by assumption), the ratio is well-defined and the kernel
cancels out exactly:
k(a,af) (aFf — a)
—+ . _ et 7 _ *
Vilalo) = T haay G (14)
The kernel thus contributes nothing to the conditional attraction direction once the support of
Paata(+ | 0;) collapses onto a single point.

Turning to the repulsion V,~, the term reduces to a self-evaluation since gg (- | 0;) is concentrated on
the prediction a:

Ey~do(lon[k(a,y)(y — a)] = /k(my) (y—a)d(y —a)dy = k(a,a) (a —a) =0, (15)

Eyio (oo [k(a,y)] = /k(a,y) o(y — a)dy = k(a,a). (16)
Positivity gives k(a, a) > 0, so the self-evaluated repulsion vanishes:
0
. i) = — = . 17
Vilalo) = poay = 0 a7

Composing the two components,
Viilalo) = Vif(alo) =V (alo) = (af —a) =0 = aj —a. (18)

At the current prediction, the singleton empirical estimate is the expert—prediction difference, inde-
pendently of the positive kernel. The empirical support is fixed when evaluating this expression.

It remains to substitute this drifting field into the field-displaced regression objective. With a =
fo(0i,a0,0),

Lot (0) = Eagmpo || fo(0i a0, 0) — sg[fa(0s, a0, 0) + Vi 4(fa (04, a0, 0) | 0)]||5 (19)
= Eqyopolla — sgla+ (af —a)]l3 (20)
= Eaympo lla — sglal]]3 . 1)

Since a} is a fixed dataset target and not a function of 6, the stop-gradient operator acts as the identity
on it, yielding
* (12
Lorite(0) = Eagrp, |l.fo(0i, a0,0) — ag]l; - (22)

O
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A.2 Derivation of the Geometry-Induced Potential

Proof. For fixed symmetric M; >~ 0, let e = a — a;. Differentiating the quadratic potential gives
Vo B (a) = 3(M; + M;")e = Mie. (23)
Its negative gradient is therefore M;(a} — a), the geometric correction in Eq. (3). Adding the isotropic

term gives —VyE;(a) = (I + M;)(al — a). Since I + M; > 0, the expert action is the unique
minimum of the complete potential as a function of the action variable with geometry fixed. O

A.3 Interpretation of Conditional Expert Geometry

For fixed nonnegative weights with > jwij =1 let pi = > ; wija;. Expanding Eq. (8 about this
weighted mean cancels the cross terms:

Gi= Zwm — )@ — )"+ (1 — )l —ai) (24)

The first term measures how related expert actions vary around their weighted mean. The second
measures the offset of that mean from the current expert target a;. Together, they describe action
variation around the target used for supervision.

A4 General Multivariate Excess and Diagonal Instantiation

In Sec. 4.3 of the main text we instantiated the geometry excess via a coordinate-wise comparison
of normalized inverse standard deviations and noted, in passing, the existence of a more general
multivariate form. Here we describe this conceptual extension and distinguish it from the implemented
diagonal weights.

Full multivariate excess. Let P := (G; +¢cI)~! and P! := (3¢ +eI) ! be the regularized
conditional and reference precision matrices. To compare them on a common scale, we whiten PFond
against Prf:

Ri = (Pref)fl/Z PiCOrld (Pref)fl/Q' (25)
Eigenvalues A\;(R;) of R; measure how much tighter the conditional precision is along each general-
ized direction relative to the reference. The natural matrix-valued positive excess is then

MM — U; Diag| (\a(Ri) ~ 1), | U7, (26)
where U; is the orthogonal matrix of eigenvectors of R; and ()4 = max(-,0).

Diagonal construction. Computing Mifun requires a generalized eigenvalue decomposition
(GEVD) of Pfond and P! at a cost of O(d2) per training sample, which is prohibitive in the inner
loop of policy training. Under the diagonal restriction G; ~ Diag(v§°"?) and X,¢¢ ~ Diag(v™f),
both precision matrices become diagonal, U; = I, and the eigenvalue ratio reduces to the per-
coordinate inverse-variance ratio:

1/ cond ref +e
M(R;) = = 27
d( ) 1/ écf + E) cond + E ( )

For the implemented diagonal weights, we normalize the condltlonal and reference inverse standard
deviations across coordinates and retain their positive relative excess, as defined in Eqs. (9)—(T0).

Why the diagonal approximation is justified here:

* Computational cost. The cost drops from O(d3) to O(d,,) per sample, eliminating GEVD
from the training inner loop entirely.

* Use case for M;. The metric M; is consumed only via the contraction ' M;rforr =a— a;.
Coordinate-wise penalties along physically meaningful action axes (joint angles, end-effector
velocities, gripper command) already constitute a strong inductive bias.

Each action-chunk entry has its own weight m; ¢ 4.
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B Algorithms

Algorithm [I] summarizes IDP training. Geometry is computed from the current minibatch and
held fixed during backpropagation. The policy parameters, including the observation encoder, are
optimized using Eq. (6).

Algorithm 1 IDP Training

Require: Demonstrations D, policy fy, s, Aprox
1: while training do
2: Sample a minibatch B
Compute h; using Eq.
Compute row-standardized similarities and weights w;;
Compute local and reference action statistics
Compute M; using Egs. @)—(10)
Sample ¢; ~ N(0,1) and set a; = af + (1 — t.)e;
Yi <+ f9(0:,0,0) and 2; < fo(0i, @i, t)
9: Evaluate £ using Eq. (6)
10: Update 6
11: end while
12: Deployment: fy(0,0,0)

e A

All batch samples participate in softmax, including the current sample i. We evaluate two ways
of removing it with fixed policy parameters on ToolHang-State and Box-Close. Post-softmax
removal renormalizes the remaining weights. Pre-standardization removal excludes the sample before
computing row statistics and softmax. Table[6|reports the relative Lo changes in geometry.

Table 6: Self-inclusion diagnostics. The last two columns report relative Ly changes, summarized
using the statistic shown for each task.

Mean self Post-softmax Pre-standardization

Task Statistic weight (%) removal removal
ToolHang-State Median 052 9.2x10°¢ 1.75 x 1073
Box-Close Mean 209 2.7x1076 5.0 x 1073

C Detailed Experimental Setup

C.1 2D Benchmarks

We follow the protocol of MIP [25]] for all 2D experiments. The benchmark suite consists of six
continuous-control manipulation tasks:

* Robomimic Lift / Can / Square / Transport: four manipulation primitives ranging from
picking-and-lifting (Lift, easy) to two-arm transport (hardest). Each task is evaluated on ph
(proficient-human, 200 expert demonstrations) and mh (multi-human, 300 demonstrations
from operators of varying skill).

* Tool-Hang: a long-horizon precision task where a hook tool must be inserted onto a wall
mount. Notable for its narrow valid grasping pose region, which makes it a strong testbed
for IDP’s local geometric correction.

* PushT: a 2D pushing task with an underactuated dynamic shape. The action manifold is
broad, making the task relatively insensitive to anisotropic geometric constraints. Its action
scatter is visualized in Fig.

For the task subsets reported in Tables 2] and [3] we evaluate under the corresponding observation
modalities: (i) state-based, where the observation is the low-dimensional state of the simulator, and
(ii) image-based, where the observation consists of RGB rendering(s). We use the same dataset
splits, action chunking horizons, and replan strides as MIP. Evaluation is run for 50 environment
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initial conditions per seed, repeated over 3 random seeds, and averaged across two architectures
(Transformer and CNN) for both observation modalities.

C.2 3D Benchmarks

For 3D pointcloud-conditioned manipulation we follow OFP [20] and FlowPolicy [34]. The suite
contains 56 tasks organized as:

* Adroit [28] (3 tasks): Hammer, Door, Pen. A 26-DoF dexterous hand-arm, requiring
high-precision contact-rich manipulation.

* DexArt [1] (4 tasks): Laptop, Faucet, Bucket, Toilet. Articulated-object manipulation with
diverse joint configurations.

* MetaWorld [32] (49 tasks): a broad set of parallel-gripper tasks. Following OFP, we
partition the 49 tasks into difficulty levels (28 Easy / 11 Medium / 5 Hard / 5 Very-Hard) for
analysis.

Observations are point clouds of the workspace (1024 points per frame, sampled following DP3 [33]).
All training and evaluation hyperparameters that are not specific to IDP follow OFP / FlowPolicy
unchanged. Each method is averaged over 3 random seeds, and per-task standard deviations are
reported in Table

C.3 Real-world ‘“Pick Peach” Setup

Hardware. We use a single-arm ALOHA platform equipped with a parallel-jaw gripper. Two RGB
cameras provide visual feedback: one front-view and one head-mounted (egocentric).

Task. The robot must pick up a peach placed at one of two designated positions and transport it
onto a target plate. The task simultaneously tests spatial generalization (peach position varies within
each side) and multi-modal modeling (left vs. right placement).

Demonstrations. We collect teleoperated demonstrations under a strictly bimodal placement
distribution: 50% of trajectories place the peach on the left side of the plate and 50% on the right. The
two modes are exactly balanced, providing a clean test of whether single-step policies can preserve
multi-modality without iterative stochastic injection.

Evaluation. Each method is evaluated for 10 trials, 5 from each mode (left / right). A trial is
counted as successful only if the peach is grasped, lifted, transported, and released onto the plate. We
test under two observation modalities: state-based (qpos only, no visual feedback) and vision-based
(both RGB streams). Results are summarized in Table [ of the main text.

C.4 Baseline Reproduction Details

For 2D state- and image-based experiments, the baselines DP, MIP, MP1, and Flow follow MIP’s
protocol and code base unchanged. For 3D experiments, the multi-step DP3 / Flow baselines and
the few-step CP / MP1 / FlowPolicy baselines are reproduced from the OFP repository on a single
NVIDIA A40 to ensure fair compute comparison. Results marked with * in Table[I] (and Tab.
indicate this re-running protocol. Numbers without * are cited from the corresponding original papers
(OFP / FlowPolicy / DP3) when reproduction was infeasible due to compute budget.

Naive Drifting estimates the empirical field from expert and generated samples and regresses to
the resulting frozen target. IDP w/o geometry retains both training inputs and sets M; = 0. The
deployment-call counts are reported in the result tables.

D Implementation Details and Hyperparameters

D.1 Architecture

Policy backbone. For 2D experiments we adopt the Transformer and CNN backbones from
MIP [25] unchanged. Each task is run with both architectures and the success rates are then averaged.
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For 3D experiments we use the DP3 PointNet-based encoder [33]] for the point-cloud observation and
a Transformer policy network, identical to the setup used by OFP [20] and FlowPolicy [34]].

Observation embedding ¢y. The embedding ¢ (0;) used to compute the neighborhood weights
w; is read from the final hidden representation of the observation encoder, prior to any task-specific
head. Stop-gradient (detach) and Ly-normalization are applied to ¢g(0;) before computing pairwise
inner products, so that the geometry statistics are fixed during the current backward pass (Appendix [B).

D.2 Hyperparameters
Table [7] summarizes the training and geometry settings. Other quantities (learning rate, batch

size, training steps, action-chunk horizon, and evaluation protocol) retain the original benchmark
configurations.

Table 7: Training and geometry settings. Values are fixed across the evaluated settings.

Symbol Value Description

t. 0.9 Schedule scalar for the expert-proximal input.

Aprox (te/(1 = t*))2 =81  Proximal loss weight (Eq. (6)).

Probe noise ¢; N(0,1) Scaled by (1—t,) ina; = a} + (1 — t.)e;.

Neighborhood scope full minibatch wij overall j € {1,..., B} including j = .

Softmax temperature 1 Applied directly on row z-scored similarities (no extra temperature).
Numerical & 10-6 Used in Lo-normalization, variance flooring, and ratio denominators.
vl estimation per-minibatch vt = L3 (af , — @5)% no EMA / no precompute.

Stop-gradient on w;;, M; yes Geometry path does not flow gradient into 6.

Implementation note on \,,ox. We fix t. = 0.9 and Aprox = [t /(1 — t.)]? = 81 across all 2D,
3D, and real-world experiments, without per-task tuning. The training inputs, relative time weighting,
and 2D experimental configuration follow [25]].

D.3 Compute Resources

The main benchmark experiments used an NVIDIA A40 GPU. Geometry computation consists of
batch feature similarities, softmax weights, and coordinate-wise action statistics. The corresponding
costs are O(B?2d;,) and O(B?Hd,,). We measure training step time, peak memory, and inference
latency on the same machine with the same architecture and batch size. Endpoint regression uses
the direct training input. IDP w/o geometry retains both training inputs and sets M; = 0. Inference
latency is measured with batch size one.

Table 8: Training and inference costs. NFE is the number of policy evaluations at deployment.

Input Method Step time (ms) Peak memory (GiB) NFE Latency (ms)
Endpoint regression 78.5+ 4.6 2.38 1 8.67
State IDP w/o geometry 131.4£6.5 4.39 1 8.79
IDP 130.7+£4.1 4.39 1 8.64
MIP 119.7 £ 0.7 4.39 2 13.73
Endpoint regression 254.0£0.3 13.32 1 12.19
I IDP w/o geometry 3129+14 15.33 1 12.18
MAEe pp 313.1+ 1.3 1533 1 12.35
MIP 303.5+0.3 15.33 2 17.21

IDP and IDP w/o geometry have similar training step times and the same peak memory, while IDP
retains single-step deployment.
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E Detailed Experimental Results

E.1 Per-Task Results

Tables 9] and [T0] report the detailed 2D results for each architecture. Table [TT]reports the 3D task
results, and Table[T2]reports expert success rates.

Table 9: Detailed 2D simulation results on state-based robotic manipulation tasks. For each task,
we report the best success rate / the mean over the last five evaluations during training. Results are
averaged over three training seeds.

Lift Can Square Transport
Architecture Method Tool-Hang  Push-T
mh ph mh ph mh ph mh ph
DP 1.00/0.99 1.00/1.00 0.97/0.89 1.00/0.97 0.74/0.67 0.95/0.90 0.37/0.25 0.64/0.54 0.77/0.68 0.92/0.88
Flow 1.00/1.00 1.00/1.00 0.92/0.87 1.00/0.98 0.69/0.53 0.94/0.88 0.23/0.14 0.71/0.56 0.58/0.46 0.94/0.92
MIP 1.00/0.99 1.00/1.00 0.94/0.91 1.00/0.98 0.77/0.69 0.98/0.91 0.40/0.26 0.69/0.54 0.73/0.61 0.94/0.91
Transformer CP 0.98/0.96 1.00/1.00 0.78/0.73 0.99/0.93 0.43/0.40 0.92/0.85 0.02/0.01 0.34/0.27 0.38/0.33 0.94/0.91
MPI 1.00/0.99 1.00/1.00 0.94/0.80 1.00/0.97 0.64/0.46 0.94/0.84 0.14/0.05 0.47/0.33 0.70/0.56 0.93/0.88
Naive Drifting  1.00/0.99 1.00/1.00 0.94/0.86 0.99/0.96 0.56/0.47 0.98/0.89 0.15/0.11 0.61/0.55 0.46/0.37 0.93/0.88
IDP 1.00/0.99 1.00/1.00 0.97/0.91 1.00/0.97 0.76/0.63 0.96/0.90 0.34/0.23 0.65/0.57 0.78/0.68 0.97/0.92
DP 1.00/1.00 1.00/1.00 1.00/0.95 1.00/0.99 0.88/0.77 0.97/0.93 0.53/0.43 0.81/0.71 0.91/0.74 0.98/0.96
Flow 1.00/0.99 1.00/1.00 1.00/0.96 1.00/0.99 0.83/0.77 0.96/0.91 0.43/0.31 0.78/0.63 0.81/0.69 0.98/0.96
MIP 1.00/1.00 1.00/1.00 0.99/0.96 1.00/0.98 0.83/0.69 0.94/0.84 0.48/0.45 0.73/0.62 0.63/0.49 0.98/0.97
CNN CpP 1.00/0.98 1.00/1.00 0.88/0.76 1.00/0.98 0.56/0.49 0.84/0.80 0.01/0.00 0.29/0.22 0.49/0.33 0.94/0.91
MP1 1.00/1.00 1.00/1.00 0.99/0.94 1.00/0.98 0.89/0.78 0.98/0.91 0.33/0.22 0.57/0.44 0.81/0.70 0.97/0.96
Naive Drifting  1.00/0.99 1.00/1.00 0.99/0.95 1.00/0.97 0.83/0.74 0.96/0.90 0.46/0.33 0.74/0.61 0.59/0.48 0.96/0.94
IDP 1.00/1.00 1.00/1.00 1.00/0.96 1.00/0.98 0.88/0.72 0.94/0.86 0.48/0.36 0.78/0.60 0.84/0.53 0.98/0.91

Table 10: Detailed 2D simulation results on image-based robotic manipulation tasks. For each task,
we report the best success rate / the mean over the last five evaluations during training. Results are
averaged over three training seeds.

Lift Can Square
Architecture Method Tool-Hang  Push-T
mh ph mh ph mh ph
DP 1.00/0.98 1.00/0.99 0.97/0.92 0.99/0.96 0.85/0.74 0.97/0.89 0.35/0.17 0.93/0.87
Flow 1.00/0.99 1.00/0.99 0.92/0.85 0.99/0.94 0.81/0.73 0.97/0.88 0.35/0.26 0.90/0.84
MIP 1.00/0.97 1.00/1.00 0.91/0.86 0.99/0.94 0.85/0.73 0.98/0.86 0.33/0.14 0.93/0.89
Transformer CP 1.00/0.98 1.00/1.00 0.78/0.64 0.86/0.61 0.72/0.63 0.92/0.87 0.25/0.16 0.86/0.82
MP1 1.00/1.00 1.00/0.99 0.91/0.82 0.79/0.69 0.85/0.75 0.95/0.91 0.30/0.13 0.83/0.72
Naive Drifting 1.00/0.99 1.00/0.99 0.95/0.90 0.97/0.86 0.85/0.73 0.94/0.89 0.37/0.19 0.90/0.86
Ours 1.00/0.98 1.00/1.00 0.97/0.91 0.99/0.94 0.81/0.74 0.96/0.89 0.37/0.21 0.92/0.87
DP 1.00/0.99 1.00/0.99 0.82/0.73 0.98/0.92 0.89/0.78 0.97/0.93 0.61/0.48 0.92/0.89
Flow 1.00/0.98 1.00/0.99 0.93/0.81 0.99/0.93 0.91/0.83 0.99/0.92 0.59/0.45 0.93/0.88
MIP 1.00/0.96 1.00/0.99 0.87/0.81 0.96/0.92 0.79/0.68 0.91/0.81 0.60/0.42 0.81/0.79
CNN Cp 1.00/0.98 1.00/1.00 0.76/0.62 0.75/0.59 0.67/0.56 0.92/0.86 0.19/0.09 0.89/0.85
MP1 1.00/0.95 1.00/0.99 0.83/0.72 0.74/0.66 0.86/0.80 0.97/0.88 0.55/0.40 0.90/0.86
Naive Drifting  0.99/0.94 1.00/0.98 0.85/0.69 0.93/0.83 0.75/0.64 0.90/0.80 0.55/0.33 0.91/0.87
Ours 1.00/0.96 1.00/0.99 0.92/0.85 0.99/0.94 0.83/0.75 0.92/0.84 0.59/0.45 0.92/0.86
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Table 11: Detailed 3D simulation results on Adroit, DexArt, and Meta-World. Results are averaged
over 3 random seeds and reported as mean + standard deviation. The best result in each column is

highlighted in bold.
Adroit DexArt Meta-World (Easy)
Methods NFE 3 :
. Coffee Dial Door Door
Hammer  Door Pen Laptop  Faucet  Bucket Toilet Button Turn Close Lock
DP3 10 1000  58+5 53+3 83+2 4042 25-+1 74+2  100+0 913 1000  100-+0
Flow 10 99+1 69-+3 4543 85-+0 4244 26-+3 74+3  100+0 815 1000 1000
CP 1 9742 66-+0 54+2 76+11 380 25-+5 73+4  90+14 8242 93+9  74+34
MP1 1 99+1 48+2 58-+4 82-+3 4642 26-+3 69+3  100+0 915 1000  100-+0
FlowPolicy 1 9842 6641 5542 86+2 4041 28-+0 76+3 1000 815 1000  99-t1
Naive Drifting 1 1000  67-+3 4345 95+4 4643 29+1 8246 100+0  97+2 1000  100+0
Ours 1 1000  67+2 5244 96-+3 48-+1 30+0 83+6  100+0  97-+4 1000  100-+0
Meta-World (Easy)
Methods NFE  Bugon  ButtonPress ButtonPressButtonPress  Door Door Drawer Drawer Faucet
Press Topdown Topdown Wall Wall Open Unlock Close Open Close
DP3 10 1000 100-+0 1000 100-+0 1000 1000 100-+0 1000 100-+0
Flow 10 100-£0 100-+0 1000 100-+0 1000 1000 100-+0 1000 1000
CP 1 9548 70+42 T1+41 100-+0 85+22 1000 100-+0 92+12 1000
MPI 1 1000 1000 1000 1000 1000 1000 1000 1000 1000
FlowPolicy 1 1000 1000 1000 100-+0 1000 1000 1000 1000 1000
Naive Drifting 1 1000 1000 1000 100-+0 1000 1000 100-+0 1000 1000
Ours 1 1000 100-+0 100-+0 100-+0 1000 1000 100-+0 1000 1000
Meta-World (Easy)
Methods NFE  paycet Handle  Handle  Handle  Handle Lever Plate  Plate Slide Plate Slide Plate Slide
Open Press Pull Press Side  Pull Side Pull Slide Back Back Side Side
DP3 10 100+0 98-+1 59411 100-+0 66-+5 85+2 100-+0 100-+0 100-+0 100-+0
Flow 10  100+0 1000 7248 1000 7242 85+1 100-+0 100-+0 100-+0 100-+0
Cp 1 85-+21 91+10 66-+0 88-+16 1740 65425 74437 9349 92+11 99-+1
MP1 1 100-+0 98-+3 60-+9 100-+0 4946 84-+41 100-+0 100-+0 100-+0 100-+0
FlowPolicy 1 100-+0 97-+3 64-+1 100-+0 4140 7944 100-+0 100-+0 100-+0 100-+0
Naive Drifting 1 100-+0 98+2 68416 100-+0 65+7 88+9 100-+0 100-+0 100-+0 100-+0
Ours 1 100-+0 100-+0 80-+1 100-+0 67+4 9342 100-+0 100-+0 100-+0 100-+0
Meta-World (Easy) Meta-World (Medium)
Methods NFE Reach Reach Window Window  Peg Unplug Basketball Bin Box Coffee
cac Wall Close Open Side asketba Picking Close Pull
DP3 10 25-+2 67+1 1000 100-+0 72+1 100+0 48-+18 69+5 8845
Flow 10 28-+1 73+2 1000 100-+0 71+1 1000 37+13 67+1 8842
CP 1 27+1 56+16 96+6 75+33 57+23 96+0 48-+0 60+18 72422
MP1 1 28+1 76+2 1000 100-+0 71+3 1000 44415 69+10 91-+2
FlowPolicy 1 30-+£1 70+2 1000 99-+0 71+6 86+8 35+11 74-+2 88+1
Naive Drifting 1 48-+2 70+4 1000 100-+0 62+9 1000 35+21 53+10 8544
Ours 1 30+3 6746 1000 1000 77+3 1000 40+6 70+4 85+1
Meta-World (Medium) Meta-World (Hard)
Methods NFE Coffee H Peg Insert Push S S Sweep Hand Pick Out
Push ammer Side Wall oceer weep Into Insert of Hole
DP3 10 89-+3 8743 83+4 8847 26+2 95+5 46-+14 15+2 51+0
Flow 10 89-+2 8844 87-+7 90-+2 31+5 96+ 1 48-+18 17+2 46+6
CP 1 86+ 14 71425 72+0 4740 208 58439 23+8 17+4 3040
MP1 1 92+1 90-+5 86+8 89-+3 30+2 95-+3 43413 16-+2 38+12
FlowPolicy 1 93-+5 85+4 756 5143 29-+2 84-+5 37421 201 22410
Naive Drifting 1 9242 84+3 85-+4 9346 338 93-+5 2548 12-£2 40411
Ours 1 92+3 90+ 795 95+2 27+1 1000 32417 2046 44+4
Meta-World (Hard) Meta-World (Very Hard)
Methods NFE . : . . Avg.
- Pick . Shelf o Stick Stick Pick Place g
Assembly Place Push Place Disassemble Pull Push Wall
DP3 10 94-+1 5443 57+3 41415 783 68-+1 100-+0 72+4 79.4+2.4
Flow 10 94-+1 61+2 58+4 41+9 74+1 67+3 100-+0 7242 79.9+2.2
CP 1 T4+25 51+19 35424 36+4 60-+2 48+23 99+1 67+11 684+11.9
MP1 1 96-+1 65+1 73+7 44412 703 7244 100-+0 78-+2 79.7+2.8
FlowPolicy 1 96-+3 60+4 58+6 3946 63+4 64-+1 100-+0 69-+41 76.9+2.5
Naive Drifting 1 9742 65+3 57+6 45+4 90+4 58412 100-+0 736 79.8+3.5
Ours 1 96-+3 57+4 65-+4 43+2 91+1 69+2 100-+0 68+2 81.3+2.0
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Table 12: Success rates of experts on 3D simulation tasks. We evaluate 200 episodes for each task.
Results are averaged over 3 random seeds and reported as mean =+ standard deviation.

Adroit DexArt Meta-World (Easy)
Methods . Coffee Dial Door Door
Hammer Door Pen Laptop Faucet Bucket Toilet Button Turn Close Lock
Expert 100-£0 97+1 96+ 1 9141 54-+4 67-+2 761 1000 1000 10040 100-£0

Meta-World (Easy)

Methods

Button ButtonPress  ButtonPress ButtonPress Door Door Drawer Drawer Faucet
Press Topdown  Topdown Wall Wall Open Unlock Close Open Close
Expert 100+0 10040 10040 9742 97-+2 1000 10040 100-£0 1000
Meta-World (Easy)
Methods  pyycet Handle  Handle  Handle  Handle Lever Plate  Plate Slide Plate Slide Plate Slide
Open Press Pull Press Side  Pull Side Pull Slide Back Back Side Side
Expert 10040 100+0 100+0 10040 10040 98-+0 100+0 100-+0 10040 10040
Meta-World (Easy) Meta-World (Medium)
Methods Reach Reach Window Window  Peg Unplug Basketball Bin Box Coffee
cac Wall Close Open Side asketba Picking Close Pull
Expert 10040 10040 10040 100+0 99+1 10040 96-+1 8842 10040
Meta-World (Medium) Meta-World (Hard)
Methods Coffee e Peg Insert Push Socc S Sweep Hand Pick Out
Push ammer Side Wall oceer weep Into Insert of Hole
Expert 100+0 100-+0 91+2 100-+0 91+2 10040 91+1 1000 100+0
Meta-World (Hard) Meta-World (Very Hard)
Methods @ @ Pick Push Shelf . o Stick Stick  Pick Place Ave.
ssembly Place us Place 1sassemole Pull Push Wall
Expert 100+0 100+0 99+0 99-+0 95-+1 95+1 10040 100+0 96.7-+0.5

Table 13: Success rates (mean =+ standard deviation across three seeds, %). IDP w/o geometry retains
both training inputs and sets M; = 0.

Direct input ~ Direct input

Task only + geometry IDP w/o geometry IDP
Door 96.67 +1.15 96.33 £ 0.58 95.67 +2.31 97.67 £ 2.08
Box-Close 63.33 £8.74 58.50 &+ 6.50 62.67+3.55 67.17+£6.45
Push 44.67+4.16 49.33 £5.51 50.67 £ 6.51 52.33 = 5.69

E.2 Geometry and Expert-Proximal Training

Conditional expert geometry and expert-proximal supervision act jointly in the training objective. We
independently enable these two components on Door, Box-Close, and Push to examine their individual
and combined effects. Each configuration uses three training seeds with matched initialization and
evaluation initial states. Each evaluation uses 200 episodes on Box-Close and 100 on Door and Push.

Combining both components gives the highest mean success on all three tasks. We also test the
correspondence between each observation and its geometric weights by permuting the matrices M;
across samples. This reduces success from 97.67% to 93.00% on Door and from 67.17% to 60.83%
on Box-Close, supporting the use of geometry associated with the current observation.

E.3 Analysis of Conditional Expert Geometry

Observation relevance. Observation similarity determines how much each expert action contributes
to GG;. We examine whether highly similar observations correspond to related expert actions and
object states. Using the ToolHang-State policy, we sample 10,240 observations from the training data.
The most similar reference has a normalized expert-action distance of 1.622, compared with 5.879
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for a random reference from the same batch. The corresponding object-state distances are 0.643 and
4.768. References from other demonstration trajectories receive 98.9% of the total weight.

A separate encoder comparison keeps the observations and reference candidates fixed. The reference
expert-action distance is 2.930 with the policy encoder, 3.263 with a frozen ImageNet encoder, and
4.344 with a random encoder. These results support using the policy’s observation features to identify
related expert actions.

Number of reference demonstrations. The geometry estimate uses a finite set of expert actions
from the training batch. Reducing this set can change the directions emphasized by M; and the
resulting training signal. We keep the policy parameters and evaluated observations fixed and vary
only the number of geometry candidates, using 1,024 candidates as the reference. We measure relative
changes in I + M, overlap between the emphasized coordinates, and changes in the gradients at the
two training outputs (Figure 3.

16 7 r 100
. —e— [+M; —m- Output gradients —®— Direction overlap (right) —_
S = S
~ 12 1 90 &
2 =
g B
= >
S g Lgo 3
qé) \\s“N 5
=] T S
g4y TTTeeIIITe F70 8
<\ TTTEees A

0 T T T T 60

T
16 32 64 128 256
Geometry candidates

Reference removal I + M; change (%) Direction overlap (%) Output gradient change (%)

Most similar reference 0.03 99.9 0.02
All similar references 18.0 332 17.8

Figure 5: Effect of the number of reference demonstrations on geometric supervision. Results are
measured relative to 1,024 candidates with fixed policy parameters and observations. Changes in the
weights and output gradients are reported as median relative Lo differences. Direction overlap is the
Jaccard similarity of coordinates with m; ¢ 4 > 0.1. Gradient change is measured on the concatenated
gradients at the two training outputs. The two reference-removal conditions are shown separately
below the plot.

With 64 candidates, the median relative changes in I+ M; and the output gradients are 6.0% and 4.8%,
respectively. Removing the most similar candidate changes I 4 M; by 0.03%, whereas removing all
similar candidates reduces direction overlap to 33.2%. We also train policies on Adroit Door while
fixing the optimization batch at 128. Using 32, 64, and 128 geometry candidates gives mean success
rates of 92.33%, 94.67%, and 97.67%, respectively, across three training seeds.

Visual observation changes. For image observations, visual features determine the expert-action
weights used to construct GG;. Appearance changes can therefore alter the reference actions even
when the robot and objects remain in the same state. We compare clean and perturbed images from
fixed simulator states, measuring reference-set overlap and changes in predicted actions. Actual
task-state changes provide a reference for interpreting the magnitude of these changes.

The tested image corruption, background changes, and distractors produce smaller action changes
than the task-state reference. Lighting produces larger changes for both methods.

F Limitations

Mode coverage. Under balanced Pick Peach demonstrations, all evaluated methods learn a single
placement mode. Extending IDP to represent multiple valid action modes is a direction for future
work.
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Table 14: Visual perturbations at fixed task states. Policies trained for 150,000 steps are evaluated on
32 paired observations. The distractor condition uses nine valid pairs in which the task objects remain
visible. Entries are IDP / IDP w/o geometry. Top-10 overlap is the Jaccard similarity of the reference
sets. Normalized action change is ||a’ — al|2/ max(||a||2, 10712), where a is the clean-observation
prediction.

Change Top-10 overlap Normalized action change
Gaussian corruption 0.994 /0.989 0.0032/0.0033
Background recoloring 1.000 / 1.000 0.0033/0.0032
Distractor block 1.000 / 1.000 0.0069 / 0.0073
Lighting 0.885/0.867 0.0791/0.0699
Task-state change 0.894/0.955 0.0400 / 0.0404

Related demonstrations. Conditional expert geometry depends on related demonstrations in the
minibatch. Removing all similar candidates substantially changes the emphasized directions in the
support experiment (Appendix [E.3).

Coordinate-wise geometry. The diagonal M; assigns separate weights to action coordinates and
time positions. A structured matrix could additionally model interactions between these coordinates.

Observation representations. On Pick Peach, qpos-based IDP achieves 30% success, compared
with 40% for MIP. Similar joint positions can occur with different peach—gripper relationships, so
useful geometry depends on observation features that distinguish task contexts.

Batch reference. The reference is estimated from each minibatch, so its composition affects the
resulting weights. Running estimates and task-conditioned references are possible extensions for
broader data and multi-task training.

Variation across tasks. Tasks close to the success ceiling leave little room for improvement. In
the supplementary ToolHang-State evaluations, the differences in success and perturbation recovery
between IDP and IDP w/o geometry fall within the observed variation across training seeds.
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NeurlIPS Paper Checklist

1. Claims
Question: Do the main claims made in the abstract and introduction accurately reflect
the paper’s contributions and scope?
Answer: [Yes]

Justification: The abstract and introduction accurately describe our proposed framework
Implicit Drifting Policy (IDP), its contributions, and experimental scope, which align
with the content presented in Section 4 and Section 5.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]
Justification: We dedicate a Limitations section in the Appendix [Fthat discusses, based
on our experimental observations, the mode collapse on bimodal demonstrations, the
local-density requirement of the conditional expert geometry, the diagonal approxima-
tion of M;, the degradation in proprioceptive (qpos-only) regimes, and the per-batch
nature of the reference geometry.

3. Theory assumptions and proofs
Question: For each theoretical result, does the paper provide the full set of assumptions
and a complete (and correct) proof?
Answer: [Yes]
Justification: Proposition[3.]states the empirical-singleton assumptions. The geometry-
induced potential is described in Section #.I] The corresponding derivations are
provided in Appendix [A]

4. Experimental result reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the
main experimental results of the paper to the extent that it affects the main claims
and/or conclusions of the paper (regardless of whether the code and data are provided
or not)?
Answer: [Yes]
Justification: We elaborate our methodology in detail in Section 4 (Implicit Drifting
Policy and its training objective), and disclose implementation details in the Appendix
5. Open access to data and code
Question: Does the paper provide open access to the data and code, with sufficient
instructions to faithfully reproduce the main experimental results, as described in
supplemental material?
Answer: [Yes]
Justification: Our training and evaluation code, together with usage instructions, is
publicly available through the project page linked on the first page.
6. Experimental setting/details
Question: Does the paper specify all the training and test details (e.g., data splits,
hyperparameters, how they were chosen, type of optimizer) necessary to understand
the results?
Answer: [Yes]
Justification: The implementation details (data splits, hyperparameters, optimizers, etc.)
of the simulation experiments follow the protocol of MIP [25] for 2D and OFP [20]
/ FlowPolicy [34] for 3D, as stated in Appendix [C.T|and Appendix [C.2] The specific
details of the real-world experiments are described in the Appendix [C.3]
7. Experiment statistical significance

Question: Does the paper report error bars suitably and correctly defined or other
appropriate information about the statistical significance of the experiments?

Answer: [Yes]
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10.

11.

12.

Justification: For 2D tasks, results are averaged across different architectures, 3 training
seeds, and 50 environmental initial conditions. For 3D tasks, results are averaged across
3 random seeds over 56 evaluation environments. Standard deviations across seeds are
reported in the per-task tables in the Appendix.

. Experiments compute resources

Question: For each experiment, does the paper provide sufficient information on the
computer resources (type of compute workers, memory, time of execution) needed to
reproduce the experiments?

Answer: [Yes]

Justification: We report the computational resources required for all experiments in the
Appendix.

. Code of ethics

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines]?
Answer: [Yes]

Justification: We confirm that the research conducted in this paper conforms, in every
respect, with the NeurIPS Code of Ethics.

Broader impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]

Justification: Efficient action generation can support more responsive robot assistance
and automation. Prediction errors during deployment may cause unintended contact or
damage, motivating safety monitoring and task-specific validation.

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pre-trained language
models, image generators, or scraped datasets)?

Answer: [N/A]

Justification: This paper poses no such risks (no pre-trained language models release,
no scraped data, no image generator).

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used
in the paper, properly credited and are the license and terms of use explicitly mentioned
and properly respected?

Answer: [Yes]

Justification: For all prior works we cite and compare against (Diffusion Policy, DP3,
Consistency Policy, MIP, OFP, FlowPolicy, etc.) and all benchmarks we use (PushT,
Robomimic, Adroit, DexArt, MetaWorld), we make reference to their original papers.

13. New assets

Question: Are new assets introduced in the paper well documented and is the docu-
mentation provided alongside the assets?

Answer: [Yes]

Justification: The released code is documented in the repository, including installation,
training, and evaluation instructions.

14. Crowdsourcing and research with human subjects

Question: For crowdsourcing experiments and research with human subjects, does
the paper include the full text of instructions given to participants and screenshots, if
applicable, as well as details about compensation (if any)?

Answer: [N/A]

Justification: This paper does not involve crowdsourcing nor research with human
subjects.
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15. Institutional review board (IRB) approvals or equivalent for research with human
subjects

Question: Does the paper describe potential risks incurred by study participants,
whether such risks were disclosed to the subjects, and whether Institutional Review
Board (IRB) approvals (or an equivalent approval/review based on the requirements of
your country or institution) were obtained?
Answer: [N/A]
Justification: This paper does not involve crowdsourcing nor research with human
subjects.

16. Declaration of LLM usage

Question: Does the paper describe the usage of LLMs if it is an important, original, or
non-standard component of the core methods in this research? Note that if the LLM
is used only for writing, editing, or formatting purposes and does not impact the core
methodology, scientific rigor, or originality of the research, declaration is not required.
Answer: [N/A]

Justification: The core method development in this research does not involve LLMs as
any important, original, or non-standard components.
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