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C
entral Id

ea

The central idea of the M
O

RPH
A

 project is to
equip intelligent robot assistants w

ith pow
er-

ful and versatile m
echanism

s, w
hich enable

these robots to com
m

unicate, interact, and
collaborate w

ith hum
an users in a natural

and intuitive w
ay. These m

echanism
s shall

facilitate intuitive teaching, program
m

ing
and com

m
anding of robot assistants and en-

able them
 to execute dem

anding and
com

plex tasks under the control of and in
collaboration w

ith the hum
an user. A

s robot
assistants are expected to act, behave and
com

m
unicate in a "hum

an-like" w
ay, these

m
echanism

s have to take into account both
the shape and m

obility of the hum
an body,

and the perform
ance and versatility of the

hum
an senses.

The com
m

unication betw
een hum

an and
robot shall be hum

an-friendly and involve all
hum

an senses and com
m

unication channels,
such as  natural speech, vision and under-
standing of visual (gesture, m

im
ic) visual

com
m

unication, for exam
ple, through ges-

tures and m
im

ic, or the sensing and under-
standing of forces (haptics).
By providing building blocks for a hum

an-
friendly, "hum

an-like" com
m

unication
betw

een a hum
an and a robot M

O
RPH

A
 w

ill
pave the w

ay for novel assistive system
s in

production as w
ell as in dom

estic environ-
m

ent. This includes robot assistants for
m

anipulation, assem
bly or transportation

tasks in production environm
ents, for

cleaning task in dom
estic as w

ell as in public
environm

ents and intelligent assistive
system

s for elderly, sick, or disabled people.

Scenario
s

The collaboration and co-existence betw
een

a hum
an and a robot assistant and the

inherent problem
s w

ith respect to com
m

unication, interaction,
and collaboration w

ill be studied in tw
o scenarios:

The M
anufacturing A

ssistant
The use of robot assistants in m

anufacturing environm
ents

(m
anufacturing assistants) w

ill lead to significant im
provem

ents
of industrial production processes, particularly in term

s of
increased productivity and hum

anization of the w
ork place.

Robot assistants in m
anufacturing w

ill accom
plish tasks through

close interaction w
ith people, thus supporting hum

an w
orkers,

not replacing them
. The hum

an w
orker is responsible for the

com
m

and, supervisory, and instructional functions, w
hile the

robot assistant w
ill carry out boring, repetitive and strenuous

operations. In cases w
here the robot does not know

 how
 to

proceed, the hum
an w

orker w
ill intervene to provide guidance

and additional instruction. Robot and hum
an w

orker are, there-
fore, partners in joint m

anufacturing processes. Typical tasks in
m

anufacturing applications are the handling of unsorted parts,
the transportation of parts to m

achining stations or assem
bly

w
ork cells, and the assistance w

ith the assem
bly. A

ccom
plishing

tasks like the above in real factory environm
ents requires a

m
axim

um
 of flexibility. This flexibility can only be achieved by

instructing the robot assistant in a sustained interactive teaching
and learning process.

Robot A
ssistant for H

ousekeeping and H
om

e C
are

The scenario of housekeeping and hom
e care robots focuses

on the em
ploym

ent of assistive robot system
s in everyday

dom
estic settings. This is m

otivated in several w
ays: on the one

side, com
fort factors and a changing societal fram

ew
ork favor

the em
ploym

ent of intelligent assistive system
s; on the other

side, an increasing num
ber of households include inhabitants

that require physical support in day-to-day life due to sickness or
age. Robot assistants  and helpers in various designs and w

ith
various functions w

ill m
ore and m

ore take over this type of sup-
port and closely collaborate w

ith the hum
an user.

The housekeeping and care robot w
ill partially have to operate

in an autonom
ous m

ode and partially in close collaboration and
interaction w

ith the hum
an in order to accom

plish his house-
keeping duties. These include basic fetch-and-carry tasks, set-
ting the table, loading and unloading the dishw

asher or basic
cleaning tasks. A

 natural, hum
an-friendly interaction and com

-
m

unication betw
een hum

an and robot assistant is of central
m

eaning in this context. The capability to interact w
ith a hum

an
user furtherm

ore offers the robot system
 the possibility of

m
aking use of hum

an guidance and support to expand its initial
com

petencies.

B
asic R

esearch
 To

p
ics

The tw
o scenarios M

anufacturing A
ssistant and Robot A

ssistant
for H

ousekeeping and H
om

e C
are stand for a large variety of

applications for robot assistants. The basic problem
s and

m
echanism

s of collaborative and interactive problem
 solving

and task execution by the "team
" robot-hum

an, how
ever, are

independent of the specific application considered. In the
follow

ing w
e identify five basic research topics w

hich are com
-

m
on not only to the above but to a large num

ber of appli-
cations.

• C
hannels of H

um
an-M

achine C
om

m
unication

   The goal of a reliable and effective com
m

unication betw
een

   user and robot assistant m
akes it essential to provide a num

-
   ber of broadly utilizable and potentially redundant com

-
   m

unication channels. The integration of traditional inter-
   faces, such as graphical I/O

-devices, w
ith new

er types of
   interfaces such as speech and visual interfaces, tactile sensors,
   and force/torque sensors, is indispensable for the task and
   w

ill be investigated here.

• Scene A
nalysis and Situation A

ssessm
ent

   A
 m

andatory precondition for efficient cooperation is a
   reliable perception and understanding of the structure of the
   environm

ent and its dynam
ics. Furtherm

ore the robot needs
   to develop an understanding of its task and the context w

ith-
   in w

hich it has to solve it. These are issues, w
hich w

ill be
   studied in the context of the research topic Scene A

nalysis and
   Situation A

ssessm
ent.

• Teaching, Learning, and A
daptation

   Providing effective assistance requires the robot to have its
   ow

n intelligence. It is thus essential that the robot assistant
   be capable of learning and receiving instructions on various
   levels of abstraction. O

ur w
ork in this context aim

s at the
   developm

ent of m
ethods and m

echanism
s, w

hich facilitate an
   intuitive instructing and program

m
ing of a robot assistant.

• M
otion Planning and C

oordination, Interactive Task Planning
   The collaboration betw

een a hum
an being and a m

achine
   that can independently m

ove and act represents a form
 of

   interaction that is based not only on com
m

unication but also
   involves m

otion and action. These m
otions and actions of the

   tw
o agents, hum

an and m
achine, m

ust be planned, coor-
   dinated, and, if need be, adapted reciprocally. These issues
   w

ill be studied in the context of the topic M
otion Planning

   and C
oordination, Interactive Task Planning.

• Safety / M
aintenance / D

iagnoses
   The em

ploym
ent of robot system

s w
hich are to w

ork directly
   w

ith people naturally places highest dem
ands on system

   safety, reliability, and m
aintainability. A

 suitable safety concept
   m

ust account for the integrity of the system
 just as it m

ust
   account for the integrity of its surroundings.  External events
   affecting the proper function of the system

 and internal error
   conditions m

ust be identified and classified according to their
   inherent risk factors. These are issues, w

hich w
ill be studied in

   the context of the topic Safety / M
aintenance / D

iagnoses.


