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Guest Editorial:
Introduction to the Special Issue on Long-Term
Human Motion Prediction

Index Terms—Human motion prediction, motion planning.

1. INTRODUCTION

ONG-TERM human motion prediction is a key ability for
L advanced autonomous systems, especially if they operate
in densely crowded and highly dynamic environments. In those
settings understanding and anticipating human movements is
fundamental for robust long-term operation of robotic systems
and safe human-robot collaboration.

Foreseeing how a scene with multiple agents evolves over time
and incorporating predictions in a proactive manner allows for
novel ways of planning and control, active perception, or human-
robot interaction. Recent planning and control approaches use
predictive techniques to better cope with the dynamics of the
environment, thus allowing the generation of smoother and more
legible robot motion. Predictions can be provided as input to
the planning or optimization algorithm (e.g. as a cost term or
heuristic function), or as additional dimension to consider in
the problem formulation (leading to an increased computational
complexity). Recent perception techniques deeply interconnect
prediction modules with detection, segmentation and tracking, to
generally increase the accuracy of different inference tasks, i.e.
filtering, predicting. As also indicated by some of the scientific
works accepted in this special issue, novel deep learning archi-
tectures allow better interleaving of the aforementioned units.
The recent trend shows that the community aims to develop
end-to-end approaches that make use of prediction as the gluing
unit between perception and planning/control units.

Examples of applications benefiting from predictive human
motion models include autonomous driving, intelligent video
surveillance, collaborative robots in industry, service and in-
tralogistic robots. Intelligent autonomous vehicles critically de-
pend on predicting the motion of the surrounding vehicles and
pedestrians when dealing with busy urban streets, intersections,
round-about or crowded highways. State-of-the-art methods are
capable of modelling different drivers’ behaviors and proactively
planning ego-vehicle motion considering those. Modern naviga-
tion systems for robots operating in human-shared spaces (e.g.
intralogistic- or social spaces) require high predictive capabili-
ties to manage the complexity of those highly dense and dynamic
environments.

The growth of the community interest to this area in recent
years is evident, in particular from the publication trends in

Digital Object Identifier 10.1109/LRA.2021.3077964

the regular paper sessions of the recent robotics, computer
vision and machine learning conferences (ICRA, IROS, RSS,
ECCV and others). Furthermore, the area is recognized as a
major component/research direction by several big players in
the automotive industry.

II. GUIDE TO THE SPECIAL ISSUE

Following the growing interest to the the topic of human mo-
tion prediction, we present this special issue that collects relevant
work and further extends the existing state of the art. The special
issue covers different relevant sub-areas, e.g. predictive planning
and control, learning-based prediction approaches, human-robot
interaction.

Given these topics in motion prediction, human-aware plan-
ning and human-robot interaction, the papers, accepted in this
special issue, represent a remarkably balanced variety in tasks
and application domains.

A. Accepted Papers

The following 14 papers have been accepted to the special
issue [item 1), 2), 3), 4), 5), 6), 7), 8), 9), 10), 11), 12), 13),
and 14)] in the Appendix. In the following we shortly describe
them and categorize in four main sections: methods for trajectory
prediction in Section II-A1, methods for planning and control
in Section II-A2, methods for full body motion modeling and
prediction in Section II-A3 and new context-rich predictions
approaches in Section II-A4.

1) Methods for Trajectory Prediction: Several articles focus
on the core task of trajectory prediction [item 1), 12), 10),
6), 13), and 4) in the Appendix]. Two papers propose novel
representations for encoding interactive dynamics in crowded
scenes with multiple people [item 1), and 12) in the Appendix].
Davchev et al. [item 1) in the Appendix] design a modular system
for learning structured representations of spacial and interac-
tive dynamics for trajectory prediction in crowded scenes. The
system includes environment-specific spacial encoding, a global
dynamics component to model the evolution of the scene in latent
image space and a local behavioral model to predict motion
conditioned on it. Zhao and Oh [item 12) in the Appendix]
propose an approach to learn, detect and extract joint motion
patterns from sequential trajectory data. Huang et al. [item 6)
in the Appendix] highlight intention reasoning for trajectory
prediction using a Mutable Intention Filter (MIF) and a Warp
LSTM. MIF performs particle filtering to create a distribution
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over all potential goal regions, while the Warp LSTM generates
offsets on a full trajectory predicted by the nominal intention-
aware linear model. Habibi et al. [item 1) in the Appendix] tackle
learning and updating the knowledge base from multiple sources
of trajectories with a similarity-based model fusion algorithm.
Finally, two papers focus on pedestrian-vehicle interaction sce-
narios. Ivanovich et al. [item 10) in the Appendix] provide a
self-contained tutorial on a conditional-variational autoencoder
(CVAE) approach. The latter can produce a multi-modal proba-
bility distribution over future human trajectories, conditioned on
past interactions and candidate robot future actions. Anderson
et al. [item 4) in the Appendix] propose a probabilistic method
which uses a risk-based attention mechanism to learn when
pedestrian should yield to the vehicle, and a model of vehicle
influence to learn how yielding affects motion.

2) Methods for Robot Control and Motion Planning: Three
articles address the problem of motion planning and control
considering human motion prediction. Two of them take the
approach of simultaneous prediction and planning: Bajcsy et al.
[item 5) in the Appendix] for a mobile robot and Ghadirzadeh
et al. [item 7) in the Appendix] for a robot manipulator. Bajcsy
et al. [item 5) in the Appendix] combine ideas from robust
control and intent-driven human modeling to achieve robustness
against model errors while reducing the conservatism of the
traditional reachability-based predictors. Belief-pruned reach-
ability set is used in the spline-based planner to plan six-second
trajectories in a receding-horizon fashion. Ghadirzadeh et al.
[item 7) in the Appendix] present a reinforcement learning based
framework for human-centered collaborative systems. Predic-
tions and proactive robot policies are trained jointly in an end-
to-end fashion from full-body motion capture data using graph
convolutional networks and Q-learning. Differently, Konar ez al.
[item 7) in the Appendix] learn socially-compliant navigation
policies from demonstrations, by mimicking humans. Authors
propose an efficient sampling-based approximation to enable
model-free inverse reinforcement learning using deep networks
to represent both the policy and the reward function. They also
propose a goal-conditioned risk-based feature representation for
the social navigation problem that captures local information
surrounding the agent.

3) Methods for Full-Body Motion Modeling and Prediction:
Several works address the full-body motion modeling for col-
laborative robotics and physical human-robot interaction [item
8), 11), 13) in the Appendix]. Kratzer er al. [item 8) in the
Appendix] present a dataset of full-body motion capture of peo-
ple, performing everyday manipulation tasks in a home-like en-
vironment. The dataset includes 3D workspace geometry model
and eye-gaze data. Abdelkawy et al. [item 3) in the Appendix]
propose a Spatio-Temporal Joint based Convolutional Neural
Network to recognize daily activities, combine them with the
ambient events and infer the semantic context of the detected
activity. Figueredo et al. [item 11) in the Appendix] propose a
novel metric for human manipulation comfort, which combines
ergonomics and muscular biomechanics. The proposed solution
allow to build a quality distribution in the humans workspace
which can be quickly tailored to specific tasks and filtered for
design purposes.

IEEE ROBOTICS AND AUTOMATION LETTERS, VOL. 6, NO. 3, JULY 2021

4) Methods for Context-Rich Predictions: Two articles [item
2), and 14) in the Appendix] explore the new ways of integrating
more contextual information in prediction systems. Minoura
et al. [item 2) in the Appendix] propose a method for crowd
density forecasting as an alternative to predicting the individual
trajectories of people. To address this task, the authors developed
a patch-based density forecasting network, which directly fore-
casts crowd density maps of future frames based on spatially or
spatiotemporally overlapping patches. Rudenko et al. [item 14)
in the Appendix] investigate the motion priors of walking people
in semantically-rich urban environments using only semantic
maps as input. An approach based on Convolutional Neural
Networks is proposed to this end, which is capable of capturing
the local semantic context to infer the probability of observing
a person in any state of the environment.

B. Discussion and Conclusions

The papers in this special issue offer a diverse overview on
many aspects of human motion prediction and human-awareness
for robots and autonomous systems. Despite their diverse nature
in specific tasks and application domains, these papers exhibit
several dominant trends. For instance, generalization and active
adaptation of models to new environments, often overlooked by
authors in the prior art, is highlighted and addressed by several
works in this special issue [item 1), and 14) in the Appendix].
Several works [item 5), 6), and 8) in the Appendix] studied
the prediction of intention of people, which is not observed
directly and must be inferred from inputs, an important cue
to constraint the uncertainty for trajectory prediction. Several
works focused on the key goal of human behavior understanding
in robotics, namely the physical and psychological safety and
comfort during of the people interacting and co-existing with
the robot [item 9), and 11) in the Appendix]. Two works have
ventured into co-habitation of pedestrians and vehicles, who
need to share the same space and safely avoid collisions [item
4), 14) in the Appendix].

The problem of human motion prediction is quite challenging
and still requires a lot of effort and novel ideas to handle the
complexity of the dynamic world in which our autonomous
systems work. The high-quality papers presented in the special
issue represent important milestones towards solving the afore-
mentioned problem, we hope that they can be of inspiration for
novel works that will further advance this growing field.
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