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Collaborative Industrial robotics



Collaborative Robotics

ÅMotivations

ÅA historical perspective

ÅThe sixties
ÅThe nineties
ÅToday

ÅSoft Robotics 

ÅManipulation
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Collaborative Robotics

First Wave: 
the Sixties



1967 General Electric 









Collaborative Robotics

Second Wave: 
the Nineties



1995 General 
Motors

H. Kazerooni

U.C.Berkeley



1995 General 
Motors

M. A. Peshkin, J. E. Colgate

Northwestern Univ.



1995 Ford Motor 
Company

FANUC Intelligent
Assist Device 



1999: Toyota
“Skill Assist”

Y. Yamada, Y. Umetani
Toyota Tech. Inst.



1995

M. A. Peshkinand J. E. Colgate 
launch a spinoff for producing IADs 

Cobotics
is born



Collaborative Robotics

The New Wave
2004-Today 



Physical H uman-R obot I nteraction
in Anthropic Domains: 

Safety and Dependability

EURON 2005

Prospective Research Project

PHRIDOM



This project is about charting a new territory, whose exploration 
has been only recently undertaken. 

The òterritory ó is that of physical Human-Robot Interaction 
(pHRI).  

Its ògeographical features ó mainly consist of:

Å Applications (òDestinationsó):tens of examples of intelligent 
machines embedded in anthropic domains ði.e. environments 
shared by machines and humans, working together elbow -to -
elbow, or even more closely;

Å Requirements (òViability conditionsó):safety, dependability, 
reliability, failure recovery, performance;1

PHRIDOM
P hysical H uman - R obot I nteraction

in Anthropic Dom ains: 

Safety and Dependability

...



ÅTechnologies (òStrongholdsó):sensors, actuators, 
mechanics, control, SW architectures;

ÅSystems (òRoutesó):connecting crucial components 
and leading to technological solutions to 
applications, while fulfilling the requirements;

ÅCompetences (òCrewsó):the centres of excellence 
among academic and industrial groups from which 
a successful research crew can be recruited. 

PHRIDOM
Physical Human - Robot Interaction

in Anthropic Domains: 

Safety and Dependability

...



PHRIDOM Crew

UNIPI ðThe  Interdepartmental Research 

Center òE. Piaggioó[A. Bicchi]

LAAS ðLaboratoire dõAutomatique et de 
Systèmes [G. Giralt]

UNINA ðDIS PRISMA Lab [B. Siciliano ]

DLR ðDeutsches Zentrum für Luft - und 
Raumfahrt [G. Hirzinger ]

UNIROMA1 ðDIS LabRob [A. De Luca]



Contributions to PHRIDOM

UNIPI:
1. Co-design of 

mechanics and 
control for 

intrinsic safety

2. Variable 
Impedance 
Actuators

u

Compliant

CoveringRotor

Inertia

Link

Inertia

Heavy Light

Mrotor Mlink



Contributions to PHRIDOM

LAAS:
1. Dependable 

decision -making for 
autonomous robots 
and systems 

2.   Dependable 
computing, fault 
tolerance in 
distributed systems 

3.   Tools 



Contributions to PHRIDOM

UNINA:

1. Visual servoing and 
Cooperation

2. Task -space and Force -
Impedance Control of 
Compliant Arms 

3. Adaptive and fault -
tolerant control 



Contributions to PHRIDOM

DLR:

1. Light -weight design

2. Redundant sensors 

3. Control strategies 



Contributions to PHRIDOM

UNIROMA1:

1. Control of robots with 
flexible elements 
(links/joints)

2. Sensorless collision 
detection 

3. Force-motion control of 
robots in contact with 
the environment



Physical H uman-R obot I nteraction
in Anthropic Domains: 

Safety and Dependability

EURON 2005

Prospective Research Project

PHRIDOM



“many robot accidents do not occur under normal 
operating conditions, but instead during programming, 
program touch-up or refinement, maintenance, repair, 
testing, setup, or adjustment. During many of these 
operations the operator,
programmer, or corrective maintenance worker may 
temporarily be within the robot's working envelope 
ǿƘŜǊŜ ǳƴƛƴǘŜƴŘŜŘ ƻǇŜǊŀǘƛƻƴ ŎƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ƛƴƧǳǊƛŜǎέ 

[OSHA’06]



CoBotsMilestones:
2006



Submission = Deadline+ 1Minute





The PHRIENDS Project 
2006-2009



Å¢ƘŜ άƘƻƭȅ ƎǊŀƛƭέ ƻŦ pHRIdesign is intrinsic safety:

to design a robot that will be safe for humans no matter 
what failure, malfunctioning, or even misuse might happen. 

ÅNaturally, perfect safety against all odds is not feasible for 
machines which have to deliver performance in terms of 
weight lifting, swift motion, etc.:  

Åthe trade-off between safety and performance is the 
name of the pHRIgame. 

Safety and Dependability 
in pHRI



2006

First Robotic 
Crash Tests 
Worldwide

(No-Nonsense 
about Safety)





Explaining the 
Residuals



Phriends’ Most 
Famous Video

Take home 
message:
You can trust ADL!



The PHRIENDS legacy:

new projects
new standards

new approaches

new products





From the lab to
new ISO/DIN standards









Design  

Traditional approach:

Ą add covers

Ąadd sensors (force, contact, proximity,é)
Ą modify controllers for rigid robot manipulators (stiffness, impedance control)

Well known intrinsic limitations to alter by control the behavior of the arm if the mechanical 
bandwidth is not matched to the task 

In other words, making a rigid, heavy robot to behave gently and safely is an almost 
hopeless task, if realistic conditions are taken into account

Ą Co-design of Mechanisms and Control



The WAM robot 

by Barrett Technology Inc.

The LWR III  - G. Hirzinger, A. Albu-Schaeffer

DLR Ą KUKA



Robotic Actuators: 
Torque Control



KUKA A.G.
LBR IIWA



2008
Universal Robot









Technical points

ÅNonholonomic Motion Planning and Control

ÅPhysicalHuman-Robot Interaction(with our belovedFabrizio)

ÅThe third way of robotics

ÅImpedance observers

ÅVariable Impedance Actuator control

ÅFeedback vs Feedforward





Auguri
Prof!!!

˔ʰˊˇˏ˃ʶ˄ʰ 
ʴʶ˄ʷʻ˂ʽʰ

Alessandro


