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Figure 1: Given ordinary human motion, Two2Four generates realistic and controllable quadruped motion via a two-stage diffusion model,
supporting diverse behaviors and fine-grained control through structured conditioning and inpainting.

Abstract
Realistic animal motion for virtual production is typically obtained either through motion capture of highly trained performers
who accurately mimic animal behavior, or by retargeting ordinary human motion using complex control setups. Both approaches
are challenging and often fail to fully reproduce the nuances of natural animal motion, motivating data-driven alternatives.
We present an automatic human-to-quadruped puppeteering framework that produces plausible and controllable quadruped
motions from ordinary human motion data. Our approach employs a two-stage generative diffusion model trained purely on
quadruped motion data. By introducing a structured conditioning and inpainting strategy, our method supports a wide range
of actions, including walking, running, jumping, sitting, and lying. Furthermore, we enable fine-grained intuitive control of
the quadruped motion such as head movement control and individual limb puppeteering. Experimental results demonstrate
improved motion realism and controllability compared to existing retargeting approaches, highlighting the effectiveness of our
framework as a tool for animation and virtual production applications.
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• Computing methodologies → Animation; Artificial intelligence;

1. Introduction

Producing believable animal motion is a core challenge in anima-
tion, virtual production, and visual effects. While human motion
capture has become widely accessible, leveraging it to drive an-
imal characters is still non-trivial. In practice, it must either rely
on highly trained performers who mimic animal behavior [Per14;
WLSN24], or use standard human motion paired with complex
hand-crafted control rigs [VFX25]. Both approaches present lim-
itations: the former is difficult to perform consistently and requires
expertise, while the latter may produce unnatural results.

In this work, our goal is to create a system that enables a human
to steer quadruped motion, as required in a virtual production use
case [VFX25]. The quadruped motion must spatially conform to
the human motion during locomotion, while still giving the human
the ability to “puppeteer” semantic actions, such as sitting, jump-
ing, or the look-at direction of the character. Thus, the final motion
should satisfy the following conditions: 1) Naturalness, the result-
ing motion lies within the distribution of natural quadruped mo-
tion, exhibiting plausible gaits, contact patterns, and coordination.
2) Semantic consistency, high-level or abstract motion characteris-
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tics such as path, direction, speed, and behavior type are preserved
from human motion.

Cross-morphology motion transfer poses substantial challenges
due to severe morphological, kinematic, and proportion differ-
ences. Even at the level of overall scale and speed, it remains am-
biguous what it means for a quadruped to “follow” a person while
producing realistic motion. For example, a dog runs much faster
than a human, while it can walk at a similar speed to human walk-
ing. Moreover, quadrupeds show a more diverse set of gait patterns
compared to bipeds. Importantly, not all motion attributes are af-
fected by this ambiguity to the same extent. We distinguish two
sets of motion attributes: precise features that can be directly trans-
ferred across the two morphologies (e.g., travel direction or tar-
get location), and imprecise features (e.g., limb positions or root
height) that only provide rough semantic cues rather than exact at-
tributes to follow. These discrepancies make direct motion transfer
an inherently ambiguous task.

Existing approaches typically fall into two categories.
Optimization-based retargeting methods [SOL13] enforce
strong alignment between source and target motion, offering
controllability but often lacking realism. Conversely, data-driven
approaches [ZSKS18; LJG*24; LSYS24] can produce natural-
looking motions, but suffer from the absence of paired data, often
lack semantic alignment, and provide limited control over how
specific motion features are preserved. In this work, we bridge this
gap using a quadruped motion prior that generates natural motion
while enabling multiple levels of control from human motion.
Our key insight is that a diffusion model trained exclusively on
quadruped data learns a strong prior over natural animal motion
(the naturalness property). Furthermore, diffusion models provide
flexible methods of controlling the generation (the semantics
property). More importantly, those control mechanisms support
both direct control via network conditions and looser control with
inference-based inpainting (imputation). This is particularly useful
for the ill-posed task of cross-morphology motion transfer with
precise and imprecise features as the control signals.

To this end, we present Two2Four, a generative framework for
human driven quadruped puppeteering. It consists of two diffusion
stages trained purely on quadruped data, and an inference-time in-
painting strategy to achieve direct control over user-specified fea-
tures of the generated quadruped motion. By abstracting the human
movement into universal features, shared between human and ani-
mal, we can train a conditional diffusion model on quadruped data
and condition it at test time with human features, such as 2D target
location or head direction. In addition, we leverage an inpainting
mechanism at high noise levels to control the quadruped motion
generation with motion features that are imprecisely mapped be-
tween the two morphologies. For instance, a user can select to map
the motion of the human’s hands (or feet) to the quadruped front
legs to achieve direct puppeteering or inpaint the root height to
achieve semantic actions such as lying, sitting, or jumping. This
flexible mapping of approximately mapped features stands in con-
trast to traditional optimization-based or purely data-driven meth-
ods, which often require rigid objectives or fixed training distri-
butions. Furthermore, we show that splitting the generation pro-
cess into two stages—first a trajectory stage for a subset of joints

and a second stage for full-body motion—improves motion align-
ment and enables more effective inpainting when trained on a small
dataset. This design makes our system robust, even when operating
with out-of-domain control signals. Our method achieves smooth
long-horizon motion generation by autoregressively rolling out the
generation.

We evaluate our method on a diverse range of actions. Our ex-
periments show successful transfer of locomotion behaviors such
as walking, running, and jumping, as well as finer control such as
look-at control and individual limb puppeteering. We further show
examples of transferring sitting actions or mapping a human sitting
to a quadruped lying down. Our method achieves more ease and
flexibility in control, while resulting in more realistic motion and
less foot sliding compared to baseline state-of-the-art methods. In
summary, our contributions are as follows:

• A generative framework for quadruped motion synthesis with
human driven attributes, trained purely on quadruped data.

• A two-stage diffusion model that enables inpainting when deal-
ing with small datasets and improves motion quality.

• A hybrid formulation for robustness to out-of-domain data: con-
ditioning on universally shared (sparse) features and an inpaint-
ing strategy for imprecisely mapped features.

2. Related Work

Early work in human-driven puppeteering of virtual creatures
[Gle98] used rigid feature correspondences for motion transfer, de-
manding significant manual effort and limiting runtime flexibility.
Recently, learning-based approaches [ZLW*24] have relied on in-
ferring correlations across morphologies, improving motion quality
but offering less direct control. In contrast, robustness of genera-
tive models [LDR*22; TRG*23] to out-of-domain conditions sug-
gests their potential to enable human-to-quadruped motion trans-
fer with precise actor control without complex feature engineering.
Consequently, the remaining section reviews non-parametric mo-
tion transfer, neural motion retargeting, and generative approaches.

2.1. Non-parametric Motion Transfer

Early approaches to cross-morphology control relied heavily on ex-
plicit pose-level mathematical mappings. [SOL13] proposed build-
ing correspondence between human and target creature poses us-
ing manually defined optimization goals, followed by per-pose re-
placement during the puppetry phase. [RTK*14] similarly learned
pose-mapping from a small user-assembled dataset and allowed
transferring motion directly to unrigged target meshes. More re-
cently, [GFK*23] use differentiable optimal control to transfer an-
imal motion to different robot skeletons of varying proportions.
[AI25] build a transport plan between two motion sources by align-
ing the pairwise distance matrix among the source frames to that in
the target frames. Motion2Motion [CZY*25] extract overlapping
patches from source motion and project them into the target skele-
ton space using sparse mapping, followed by per-patch retrieval and
blending, to give the final motion. Although these methods demon-
strate realistic results for their specific applications, for generalized
motion they exhibit reduced naturalness due to maintaining rigid
correspondences that do not generalize to new contexts.
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