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 Industrial Towards Social Robots 

Industrial (I) Service (S)

Applications industrial automatisation : 
handling goods & materials , 
production & assembling processes

professional & personal , 
assisting & serving people : 
domestic chores , health care, 
entertainment & leisure

Environment well -structured & well -known unstructured dynamic real - life

Requirements high accuracy & speeds, robustness safety, mobility, interactivity

Ratio S/I

2007 5,5M/1M = 5,5

2011 16M/1,2M = 14,2

 Machine 

 centered 

 HRI

 Human 

 centered 

 HRI Human - likeness

 Communicative skills Social Robots

 Social intelligence
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 Motivation & Objectives 

Motivation : improve the quality of life of vulnerable children during 
hospitalization by use of a social robot

Objectives Probo - project (2005 -2009):

Ç Probo to inform & entertain children in the hospital

Ç Probo as a research platform in a community

Ç Probo as stimulant for students

Ç Probo to report on science & technology in the media

Objectives Probo - prototype :

Ç a social & communicative child - friendly companion

Ç a user - friendly multi -disciplinary research platform

Ç development of such a robot was required
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 Approach

Development Probo

Hardware

Design &

Construction

Conceptual &

Software

Design

full embodied robot with focuss on 

non verbal face - to - face communication by use of 

facial expressions and head movements

 restricted to
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 Probo isé

Source : M. Mori . Bukimi No Tani [Uncanny
Valley], Energy, 1970
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 Probo isé

Emotion AU

Happy 12 , 6+12, 7+12

Sadness 15 , 6+12, 11+17 , 
11+15

Fear 1+2+4 , 20

Anger 4+5 , 4+7, 4+5+7, 
17+24, 23

Surprise 1+2+5 , 1+2+26 , 
1+2+5+26

Disgust 9 , 10

DOFs based on AU

defined by FACS

Source : Facial Action Coding System : A
Technique for the measurement of Facial
Movement : InvestigatorôsGuide Second Part,
by P. Ekman and W. Friesen .

Positive related with emotions:

calmness, relaxation, comfort, 
health, restful, quite, é
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 General Design Idea for Probo (HW)

Decomposition Probo 

HW systems ïSW modules

HW matrix

Modularity

Increase

expandability, 

adaptability,

possibilities,

Reduce

limitations,

complexity,

effort

Modular design

optimizing

customization standardization

effort, commercial 
complexity, available, cost,

specific solution possibilities

Links between systems, assemblies and parts glue -components

no straightforward solutions related to the objectives, 

Choice of actuator custom -made actuators by use of high precision motor -
combinations & compatible motor drivers 



Pag.7/14/2010 9/33

The Development of the Huggable Social Robot Probo
On the Hardware Design and Construction

Introduction| Motivation & Objectives | Huggable Social Robot Probo | Hardware Architecture & Construction | Robotic User Interface | Conclusion

 Decomposition HW - Overview
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 Non Back Drivable Servo (NBDS)

NBDS vs. commercial available RC -servo

Additional features:

Vprotection motor -combination

Vno power losses when loaded at rest

V range is not limited, continuous 
rotational

Vcontrol possibilities (speed, position, 
current) 

Vconfigurable, adaptive 
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 NBDS Bandwidth Experiments
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 Compliant Bowden Cable Driven Actuator (CBCDA)

CBCDA has no commercial alternatives

Main features:

Vpassive compliance

Vseparation of actuator & joint 

Vcontrol possibilities 

Vconfigurable, adaptive
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 CBCDA Stiffness Experiments

Compliance=1/k

k=Stiffness= DF/Dx

Configurable during design

k=f(Cable, Housing)

Adjustable during assembly

kÍC
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 CBCDA Friction Experiments
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 CBCDA Bandwidth Experiments
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 HW architecture 
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Eye - system

Special aesthetics , eye in orbit , hollow eye -spheres

DOFs left - & right eye pan, common eye tilt, left & 
right eyelid open/close

Enables eye -gaze, emotions (fear, anger, surprise), 
facial expressions

Introduction| Motivation & Objectives | Huggable Social Robot Probo | Hardware Architecture & Construction | Robotic User Interface | Conclusion

 5 DOFs CBCDA actuated Eye -system
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 HW architecture 
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 4 DOFs CBCDA* actuated Eyebrow -system

Eyebrow - system

Special compact design on top of eye -system ,
supports camera, homing sensory PCB and 
connector PCBs

DOFs left outer & inner eyebrow,
right outer & inner eyebrow

Enables emotions (fear, anger, surprise), facial 
expressions

* antagonistic work by helical torsion spring
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 HW architecture 
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 2 DOFs NBDS actuated Ear -system

Eyebrow - system

Special animal - like , combined rotations

DOFs left & right ear

Used to intensify facial expressions

Compliance introduced by flexible elements & materials 
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 HW architecture 
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 3 DOFs NBDS & Direct Driven actuated Mouth -system

Mouth - system

Special compliant silicone mouth in one piece

DOFs left - and right mouth corner, yaw

Enables emotions (happiness, sadness, surprise), 
facial expressions, lip -synchronizing
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 HW architecture 
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 3 DOFs NBDS* actuated Trunk -system

Trunk - system

Special unique compared with other robots, flexible foam core

DOFs three flexible cables

Enables emotions (disgust), facial expressions, attention trigger

* actuation mechanisms are analogue to NBDSs
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 HW architecture 
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 3 DOFs Direct Driven Neck -system

Neck - system

Special gravity compensation with helical springs

DOFs head nod, bend and rotation

Enables head motions, point of attention in
combination with eye -gaze, and active 
vision
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 CAD model & prototype

expression & motion 
systems

frame

motor drivers

rack with 9 CBCDAs


