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Robots Collaborating with People in Every Day 
Tasks Projects 

FP6 URUS (2006-2009); UBROB (2007-2010); RobTaskCoop (2010-2014), Robot-Int-Coop (2014-2017)  

 
 
 



ERF2015, Vienna, March 11th,  2015 

Challenges 

l  Social robots must live with people: 
l  We need to develop mobile social robots that behaves in a 

natural way as human do in order to help them in every day 
tasks. Some typical tasks: 
-  Low level motion tasks (some examples) 

l  Navigation human-aware 
l  Walk side-by.side 
l  Guide people 
l  Follow people 
l  Proactive behavior for interaction with people  
l  Look for people (hide & seek game) 

 

-  Cooperation between human and robots (some examples) 
l  Build an environment map 
l  Look for objects or people 
l  Move objects  
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Robot Human Aware Navigation 

Navigation with Social Force Model 

Robot Human Aware Navigation  
with Social Force Model 

Robot Human Aware Navigation  
With Anticipating Kinodynamic Planning 

Human Behavior Estimation for Robot Human Aware Navigation 

[G. Ferrer and  
A. Sanfeliu (2013)] 

[G. Ferrer and  
A. Sanfeliu (2014a)]  

[G. Ferrer and  
A. Sanfeliu (2014b)] 
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Following and Guiding People 

Guiding using social forces 

Guiding people 

Guiding people using Social Force Model Guiding people in Barcelona 

[A. Garrell and A. Sanfeliu (2012)] 
[G. Ferrer et al. (2013)] 
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People Find-and-Follow 

Real scenario 

Continuous Real Time POMCP to Find-and-Follow People
by a Humanoid Service Robot

Alex Goldhoorn, Anaı́s Garrell, René Alquézar and Alberto Sanfeliu

Abstract—This study describes and evaluates two new meth-
ods for finding and following people in urban settings using
a humanoid service robot: the Continuous Real-time POMCP
method, and its improved extension called Adaptive Continuous
Real-time POMCP follower. They are able to run in real-time,
in large continuous environments. These methods make use
of the online search algorithm Partially Observable Monte-
Carlo Planning (POMCP), which, in contrast to other previous
approaches, can plan under uncertainty on large state spaces.
We compare our new methods with a heuristic person follower
and demonstrate that they obtain better results by testing them
extensively in both synthetic and real-life experiments. More
than two hours, over 3 km, of autonomous navigation during
real-life experiments have been done with a mobile humanoid
robot in urban environments.

I. INTRODUCTION

The importance of autonomous mobile robots in industrial
and research applications is growing, therefore, the need
to execute successfully challenging missions and tasks has
also grown. Thus, humanoid urban robots require several
behaviors in order to successfully serve people. In this work,
we are interested in how the robot can find and follow people
in cluttered, dynamic environments, in order to help him or
her.
Research into Human-Robot Interaction (HRI) in the field

of find-and-follow is still new in comparison to traditional
service robotics, such as HRI on a campus [1]. Therefore,
prior research in this particular field is relatively minimal [2].
Most of the current research studies robots that participate
in social human interactions as companions [3].
Find-and-follow is a multidisciplinary field of robotics

in which a mixture of subjects such as perception, robot
navigation and HRI intervenes. Despite the heterogeneity
of the subjects treated, the problem can not be tackled
independently but in a holistic way, which is not an easy
endeavor.
In this paper, we present two new methods: the Continuous

Real-time POMCP (CR-POMCP) model, and its improved
extension called Adaptative Continuous Real-time POMCP
Follower model, which make use of POMCP (Partially
Observable Monte-Carlo Planning [4]). The find-and-follow
task is executed by the humanoid robot in an on-line real-
time fashion, using continuous state space on large maps. In
addition, the system takes into account sensory noise in the
localization.

The authors are with the Institut de Robòtica i Informàtica
Industrial (CSIC-UPC). Llorens Artigas 4-6, 08028 Barcelona,
Spain. {agoldhoorn,agarrell,ralqueza,sanfeliu}
@iri.upc.edu

Fig. 1. Top: Dabo performs the find-and-follow task with a target. Bottom:
Robot’s estimation of target’s position (belief).

The CR-POMCP extends the classical POMCP model,
working in the continuous space instead of the discrete
space, plans the action in real-time. In this way we can
do real-time experiments with human volunteers. Moreover,
we compare our methods with a previous and well-known
system: heuristic person follower [5] Through a large number
of synthetic and real experiments, we observed that the
Adaptive Continuous Real-time POMCP Follower model was
able to find and follow different volunteers, while the other
two methods performed the task slowly or lost the person,
and therefore could not continue the mission.
Finally, the validation of the model is accomplished

throughout an extensive set of simulations and real-life
experiments. Our results total over 3 km of autonomous
navigation, and more than two hours during over a week
of experimentation.
In the reminder of the paper we start by introducing the

Related Work. Section III provides the different methods we
propose. Finally, the results of the methods and conclusions
are presented in Sections IV and V, respectively.

II. RELATED WORK
Robotic research has the potential to help humans in

urban services. This work enables robots to support humans
by finding and accompanying them. Research into Human-
Robot Interaction in the field of urban services is still
relatively new in comparison to traditional research. In this

Robots finding people using Find-
and-Follow strategies 

Cooperative robots looking for and finding people 
Video: file://localhost/Users/sanfeliu/Presentaciones+videos/0_Presentaciones_y_Videos/Videos Alex Goldhoorn/complexfind.mp4 

[A. Goldhoorn, A. Sanfeliu, R. Alquézar (2013)]  
[A. Goldhoorn et al. (2014)] 
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Building Maps By Human-Robot Colaboration 

Cooperation between robots and humans  
to build a map 

[E. Retamino, A. Sanfeliu (2013)]  
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Robot Learning Faces and Objects 
Objective: 
 

Robot TIBI learns and improves its visual perception capabilities 
by  means of interactions with humans 

Robot TIBI Robot TIBI 

[M. Villamizar, A. Garrell, A. Sanfeliu and F. Moreno-Noguer (2012)] 
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