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Abstract—Human motion prediction aims to forecast future
body poses from historically observed sequences, which is chal-
lenging due to motion’s complex dynamics. Existing methods
mainly focus on dedicated network structures to model the spatial
and temporal dependencies. The predicted results are required
to be strictly similar to the training samples with /> loss in
the current training pipeline. It needs to be pointed out that
most approaches predict the next frame conditioned on the
previously predicted sequence, where a small error in the initial
frame could be accumulated significantly. In addition, recent
work indicated that different stages could play different roles.
Hence, this paper considers a new direction by introducing a
model learning framework with motion guidance regularization
to reduce uncertainty. The guidance information is extracted
from a designed Fusion Feature Extraction network (FE-Net)
while knowledge distilling is conducted through intermediate
supervision to improve the multi-stage prediction network during
training. Incorporated with baseline models, our guidance design
exhibits clear performance gains in terms of 3D mean per joint
position error (MPJPE) on benchmark datasets Human3.6M,
CMU Mocap, and 3DPW datasets, respectively. Related code
will be available on https://github.com/tempAnonymous2024/
MotionPredict-GuidanceReg.

Index Terms—motion prediction, knowledge distillation, graph
neural networks

I. INTRODUCTION

Humans have an innate ability to predict how future evolu-
tion of actions could be extrapolated. Equipping machines with
the ability to anticipate human behavior remains a paramount
challenge, which has gradually garnered widespread attention
from researchers in recent years, particularly with the surge in
applications such as robotics, autonomous driving, and human-
computer interaction [1]. The task of human motion prediction
can be described as predicting future possible human action
sequences based on the given human pose sequences that
already occurred. Anticipating the future movement of the 3D
human skeleton is a complex and challenging task due to the
complex spatial-temporal modality and the great uncertainty
of the future.

Early works have used statistical or probability models
for motion prediction such as nonlinear Markov models [2],
Gaussian process dynamic models [3], and restricted Boltz-
mann machines [4]. Many deep neural networks have also

been applied to tackle the problem. Recurrent Neural Net-
works(RNNs) [5], [6] have been employed since they are
naturally designed to handle temporally correlated sequences.
However, RNNs could meet gradient disappearance and gra-
dient explosion problems, which makes it ineffective in pro-
cessing long sequence data.

Recently, Graph Convolutional Networks (GCNs) [7]-[14]
have received widespread attention and research in this field,
since it is capable to model the spatial dependencies natu-
rally. These approaches regard each human pose as a graph
composed of joints and bones and use graph convolution to
model spatial information. Many complicated and sophisti-
cated GCNs have been designed to improve the model’s ability
to capture more various spatial-temporal relationships in the
motions. For instance, MSR-GCN [10] and MGCN [15] have
employed a coarse-to-fine strategy to learn more multi-scale
correlations of motion data. Transformers and attentions have
been combined with GCNs [16], [17] to model how human
skeletons evolve spatially and temporally over time.

However, the aforementioned work only focuses on ex-
ploiting the spatial and temporal relationships and designing
more complicated models, largely overlooking the study of
the uncertainty property of motion. The uncertainty of motion
prediction mainly refers to its challenging variation, especially
for non-periodic behaviors. We observe that most of the
existing models use the average loss form which counts the
error of each future frame equally. Actually, the uncertainty of
human motion is not equal in each future frame. Long-term
error accumulation has been recognized as one of the biggest
issues that bring performance degradation in motion prediction
problems. As most approaches predict the next frame condi-
tioned on the previously predicted sequence, a small error in
the initial frame could be accumulated significantly. Hence, it’s
essential to tackle the accumulation error issue for the motion
prediction task.

Latest methods such as PGBIG [13] employs a multi-
stage network structure, which conduct motion prediction as a
consecutive process composed of many round. Their work [13]
proves that a different initial pose could bring sharper per-
formance gains than an individual method. An intermediate
target is employed which is adopted through an Accumulated

https://ieeexplore.ieee.org/document/10650336
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