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Figure 1: Our model generates instant reactive movements for the red character based on anticipated intentions. The user controls the
movement direction of the input blue character, and our system dynamically generates corresponding motions for both characters in response.

Abstract

We propose a real-time method for reactive motion synthesis based on the known trajectory of input character, predicting instant
reactions using only historical, user-controlled motions. Our method handles the uncertainty of future movements by introducing
an intention predictor, which forecasts key joint intentions to make pose prediction more deterministic from the historical
interaction. The intention is later encoded into the latent space of its reactive motion, matched with a codebook which represents
mappings between input and output. It samples a categorical distribution for pose generation and strengthens model robustness
through adversarial training. Unlike previous offline approaches, the system can recursively generate intentions and reactive
motions using feedback from earlier steps, enabling real-time, long-term realistic interactive synthesis. Both quantitative and
qualitative experiments show our approach outperforms other matching-based motion synthesis approaches, delivering superior
stability and generalizability. In our method, user can also actively influence the outcome by controlling the moving directions,
creating a personalized interaction path that deviates from predefined trajectories.
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CCS Concepts
* Computing methodologies — Motion capture; Motion processing;

1. Introduction robotics [YKJ*19] and social analysis [TZZ*23]. By observing the
o ) ) movement history of the other one, reactive motion synthesis aims
Synthesizing motions that are reactive to the other one’s move- to obtain interactive motions that respond to the observation. De-

ments has been an important task for various applications such as
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spite its high demand in various fields, creating reactive motions
is usually time-consuming and labor-intensive because of human
interactions’ diverse and complex dynamics [TF23, CTO*23].

Previous approaches for synthesizing reactive motions mainly
focus on offline applications. These methods usually require full
knowledge of one’s movements to generate the corresponding re-
active motions [GDG*24,XZY *24]. However, their dependence on
a full sequence of observed motions is limited for real-world appli-
cations because future movements are usually not observable.

We focus on single-character reactive motion synthesis based on
the past motion trajectory of input character. Unlike previous meth-
ods [GDG*24, XZY*24] that generate the reactive motion in of-
fline manner where future motions have already been defined and
provided, we attempt to predict the reaction frame-by-frame only
based on observed historical motions and also user’s control on the
input character if provided. As the future of the conditioned motion
is unknown and non-deterministic, it requires the neural network to
possess real-time and rapid generation capabilities to avoid unre-
alistic interaction performance in long term. One possible solution
is Motion Matching [MZ20, HKPP20], which searches for the op-
timal next pose in a database based on carefully designed query
features, making it suitable for real-time inference and instant ani-
mation. However, it lacks generalizability and requires the database
to encompass all possible interactions when applied to our reactive
motion synthesis task.

To achieve instant and high-quality reaction synthesis, rather
than directly generating future poses from history states, we intro-
duce an intention predictor that first forecasts the intention of key
joints in the input character. Using these auxiliary intention fea-
tures, we transform the inherently uncertain future pose prediction
into a more stable process. Furthermore, inspired by [SSH*24], our
model learns a codebook that maps input motion to an appropriate
reactive output, avoiding wrong blending artifacts that may appear
in motion prediction network. We also introduce adversarial train-
ing to promote the learning of a more diverse and effective latent
space, leading to improved codebook matching accuracy.

We conduct extensive experiments to quantitatively assess our
model’s performance on a large-scale dancing dataset, evaluat-
ing it across multiple criteria. The results consistently show that
our model outperforms other matching-based motion synthesis ap-
proaches, achieving superior accuracy and quality in generating
reactive motions. To further evaluate its robustness, we introduce
variations by modifying input motions based on user-controlled
keyboard signals, simulating a range of dynamic conditions (ex-
amples given in Figure 1). In these tests, our model demonstrates
strong generalizability, effectively handling diverse input variations
while maintaining stable predictions. This stability and adaptabil-
ity surpass the performance of Motion Matching, highlighting the
model’s ability to produce reliable, high-quality outputs even under
challenging conditions.

Our contributions can be summarized as:

e Guidance - A reactive motion synthesis system guided by input
character’s intended motion anticipated from historical interac-
tions.

e Real time - The system enables online synthesis of human in-

teraction, supporting a continuous loop of the intention input,
processing, and feedback of the reactive motion.

e Controllable - The system allows users to generate controllable
interaction by controlling the footpath to dynamically adjust mo-
tion directions of the input character.

2. Literature Reviews
2.1. Deep Learning based Motion Synthesis

Since [HSKIJ15, HSK16] applied convolutional neural networks
(CNNi5) to motion data, deep learning-based motion synthesis was
widely explored with various network architectures. One main
stream of previous studies was to treat motion synthesis as a gen-
erative problem and apply generative models to learn the distri-
bution of a whole motion sequence. [GMJ*24] employed a vari-
ational autoencoder to model the distribution of human motions.
Additionally, normalizing flows were also used to model motion
dynamics [HAB20]. Diffusion models [YZS*23, CKS23] were re-
cently widely used for motion synthesis [CFZS23, CTR*24]. De-
spite their prosperity, they usually could not be applied to gener-
ate long motion sequences. Another method family of motion syn-
thesis focused on auto-regressive generation. By formulating mo-
tion synthesis as a sequential generation problem, various recurrent
neural networks were proposed to model the temporal dynamics of
motions and generate motion sequences frame by frame. [HKS17]
proposed PENN for locomotion generation, where the phase rep-
resentations were used to capture temporal relationships in simple
human locomotion. [SZKZ20] proposed to model not only the tem-
poral relationships but also the spatial features, and they used the
local phase for each joint. [SMK22] proposed to transform human
motions into phase space and apply frequency-based methods to
model the periodic dynamics of human motions. However, the pre-
vious methods mainly focused on single-character synthesis and
did not consider the interactive dynamics within multi-character in-
teractions.

2.2. Multi-character Motion Synthesis

Research on multi-character synthesis made significant strides in
enabling the generation of realistic interactions between multiple
human characters in dynamic environments. Approaches such as
[WXNW21] and [XWG23] focused on predicting and forecast-
ing complex interactions and body movements among multiple
agents. These models handled the intricacies of spatial and tem-
poral relationships between multiple characters. Transformers, in
particular, played a pivotal role in capturing multi-person inter-
actions through hierarchical and trajectory-aware frameworks, as
seen in [PMW23]. Additionally, GAN-based reactive motion syn-
thesis [MSHL22] applied class-aware discriminators to enhance the
quality of synthesized motion between characters, improving the
realism of human-human interaction. Emerging techniques such as
diffusion models [TZZ"23, LZL*24, CWKS25] further explored
long-term multi-human motion anticipation and diffusion-based
multi-agent generation, respectively, showcasing the increasing ca-
pacity to model complex and natural motion sequences.

While existing approaches primarily focused on generating two-
character motions, some studies shifted their attention to predict-
ing the reactive motions of a single character, where interaction
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