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Moltivation and Problem

e [ransport for people with reduced mobility using
A ropbofic fransportation system adapted to
dynamic and human populated environments
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 Navigation must take info : e R ) e ]

BEcount :

— Partial and uncertain knowledge
of the environment ;

— Prediction of agents' behavior ;
— Comfort and safety ;
— Social conventions.
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Social Robotics

e How humans and robots can betftter live, work and
interact together

e Main issues:
* Human perception
* Human behavior modeling
* Task and action planning in the presence of humans
®* Design of socially acceptable human-robot interfaces

e Methods from robotics may be combined with models
from social psychology and cognitive sciences
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-aware navigation
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Path planning in the presence of humans

* Planning in dynamic environments
® Partially known environments, uncertainty
®* Need of prediction

 Planning in human populated environments
* Safety
®* Proxemics
* Sociality

Use prediction to anticipate
Use proxemics to do not disturb

September 2013 &’zp/ﬁ“j_ @Z&Motian
ws e-Mo



nt modelling

=mics: social models and robotic models

>diction of obstacle behaviors

an aware navigation

ombining social conventions, prediction and planning

der following.
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Robots must respect social zones

Proxemics: Social and Robotic models
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anagement of spa

cepfts taken from the area of social scienc

sider the psychological comfort

sulting from factors like
Distance
Orientation
Focus of attention
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Proxemics: human management of space

Personal Space Information process Space Activity CooEE

o — Activity Space

[

[Hall,1966] [Hayduk,1981]  [Kitazawa and Fujiyama, 2010]  [Lindner,2011]

Interaction Space Affordance Space

[Kendon,2010]
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an management of space

- Personal Space [3]

Zone around the human body that people feel
Is “their space”. In that zone others cannot
intrude without arousing discomfort.
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- Visi
Zones around a person that he/she can not
see

letin .
endon, A. (2010). Spacing and orientation in co-present interaction. In Development
timodal Interfaces: Active Listening and Synchrony, volume 5967 of Lecture

n Compute jience
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'Human-aware navigation: respecting visibility [not INRIA

buttAAS=Sisbot 2008 ]

Without social
ponyenqonj
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Filter [Rios-Spalanzani 2011]

models of social conventions, a * FPlanning without Sc
disturbance is included as part of
sk of Collision in the RiskRRT
ithm.
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Planning with Social Filte
back to back
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Robots need to anticipate

Prediction of obstacles’ trajectories
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Trajectory prediction

e Humans do not move at random, instead
they follow typical paths

e Modeling typical paths:
® Gaussian Processes [Tay 2007, Ellis 2009, Kim 2011]
* Growing Hidden Markov Models [Vasquez 2009]

GHMM
Training
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Human aware Navigation

The RiskRRT algorithm

Spalanzani A., Laugier C., "Probabilistic motion plannir
les following typical motion patterns.". IEEE/RS
elligent RObots and Systems, 20009.
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ustration
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ach node of the generated path are
ulated probabilities of collision ’
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Collisions with the m "Enteri ing the r social
moving obstacles Zones

osen trajectory is the less risky one that goes ¥ §
the goal
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Navigation using prediction

e The future state of the environment is estimatead
and used to plan safe trajectories

* The chosen frajectory is the less risky one
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Move Camera| Interact Select 2DMNavGoal 2D Pose Estimate
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Limitations of this approach
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4. Navigating in Populated Environme
by Following a Leac

P, Santos V., Spalanzani A., Laugier C., "Navigating in PS
ts by Following a Leader”, International symposium ©
1 Inferactive Communication, Gyeongiu, Korea, A
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Problems

Social interactions depend on
context and may be difficult to
detect

Predictive approaches may fall into the
Freezing Robot Problem

Freezing Robot Problem [Trautman 2010]

In dense environments, due to large future uncertainty,
every path generated by the navigation algorithm is
expected to result in collision, so the robot stops moving

September 2013 X7 %@ie-Motion
. . ,



Follow persons, to take advantage of their motion
in complex and dynamic environments

Motivation:

2ople motions can provide
formation about the
vironment

nans can easily navigate in
ded environments

are able to deal with
nplex social

September 2013

Advantages:
Reduce computational cc

Escape Freezing Robot
Problem

Beffer acceptance by
humans

Avoid undetected ot
(e.q. spilled coffee




o Leader?

arity prediction
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robot
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h tracked
S passed as subgoals

KRRT plans trajectories

» @

subgoals

RRT =

exploration
leader’s path
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ulation Only
ulated Robot + Real Data
HMM trained with real data

Fiducial markers were worn as hats :
Overhanging camera + wide angle leng
People moved among interest points
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Experiments: real data + sim

leader detection and following leader following among people

people naturally give room for the leader to pass.
the robot benefits from this space
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Navigating among crowds

e Pedestrian Simulator Based on the Social Force Model [Helbing
1995]
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e |tincorporates reactions of persons to the presence of the
robot and of other persons, replicating some situations of the
real world
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with Pedestrian Simulator

Goal: Leader following to escape frozen situations;

— Reduction of time spent to reach goal, when following @
leader;

— Robot becomes part of the human group.
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