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Humanoids in the real world ﬂ(".

B Graspingand manipulation

® Learnindgor humanobservation

B Natural Interactiorand communication
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ARMARIII in theRobdITchen ﬂ(IT

RAS 2008

. : Humanoids 2009

Recognitionjand(6D[pose estimation Humanoids 2010
ofcolored andﬁteg_tﬁrmi objects a4X ISRR011

February3, 2008
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Advanced grasping capabilities ﬂ(".

® Bimanual grasping andanipulation

® Pregrasp manipulation

|

RAM2012
IRO2011
Humanoids 2010
Humanoids 2009
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How to deal with unknown objects? -\\J(IT

® Haptic exploration
® Physical interaction for object segmentation

® Combining action, vision and haptics for grasping
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Affordance in grasping unknown objects

B Potential field approacko

guide the robot hand along

the object surface

® Oriented3D point cloud
from contact data

® Extract faces from 3D poinfia
cloud in a geometric featu

filter pipeline

B Parallelism

® Minimum face size
B Face distance

® Mutual visibility

Assocl ati on
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Physical interaction for object segmentation -\\J(IT

® Discover and segment unknown
_C) bJ e CtS th ro u g h p hyS I Cal Physical Interaction for Segmentafti_on of.
N t era Ctl on (p us h N g Unknown Textured and Nontextured Rigid Objects

. David Schiebener, Ales Ude and Tamim Asfour
A Reliable correctand
complete object
S e g m e n tatl O n Karlsruhe Institute of Technology (KIT)

Institute for Anthropomatics
High Performance Humanoid Technologies Lab

® Reactive grasping based on
haptic feedback:

Discovery, Segmentation and Reactive

® No ObJeCt mOdeI needed Grasping of Unknown Objects
. NO graSplng plannlng David Schiebener, Julian Schill and Tamim Asfour
ICRA2012, 2014,
Humanoids 2011, 2012 i e i
Adaptlve BehaV|02013 High-Performance Humanoid Technologies
Humanoids@KIT Institute for Anthropomatics and Robotics (IAR)
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Combining action, vision and haptics for grasping ﬂ(".

d

Initial object hypotheses

Generate hypotheses based on
Color, Geometric primitives
and Saliency

Hypothesis 49 is chosen
for verification by pushing
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ARMAR4: MechanolInformatics ﬂ(".
= More than

® Torque controlled _
® 3 onboard embedded PCs mechatronics
® 76 Microcontroller :
@ 6 CAN Buses

ARMAR-IV
® 63 DOF

B 41 electricallydriven
B 22 pneumaticallydriven (Hand)

made@KIT

B 238 Sensors
@ 4 Cameras
6 Microphones
4 6Dforce-torque sensors
21IMUs

128 position (incremental and absolute),
torque and temperature sensors in arm,
leg and hip joints

18 position (incremental and absoluteensors in
head joints

14 load cells in the feet

22 encoders in hand joints

20 pressure sensors in hand actuators
X

70 kg

170 cm
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Karlsruhe Institute of Technology

ARMARIV - AT

B 63DOF
B 17/0cm
| 70 kg

W Torque
controlled!
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Whole body loco-manipulationtasks S(IT

®m WALKMAN
B KoroiBot

SEVENTH FRAMEWORK
PROGRAMME

Improvingwalkingbehaviorbasedon Whole-bodyloco-manipulationtasks
humanwalkingmotion
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Duality of graspingand balancing
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From graspingo balancing ﬂ(".
Equilibrium is reached by balancing similar sets of forces

Ground reaction forces— Fingertipforces
Weight of the body (CM)}———— Weight of the object (CM
Torques on the joints,______, Torques on the joints
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From graspingo balancing -\\J(IT

Concepts of grasping can be applie
to loco-manipulation

G/T=J,0
ngf: T

—Glf:W
)Lfe F

Balance €= Stable grasp

Step planning €= Grasp synthesi
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Nakamura 1990 AT

Karlsruhe Institute of Technology

Nakamura, Y.: Grasp and manipulation. Jour 2. {E#EHOO0MNHE
of Measurements and Control 29(206¢212 2.1 hEHE
(1990 (‘]apanesp Kerr & Roth® ZH#IHDIFIC X 5 H P20 Z I

HD2Y £ THED L, #HNDTI5E (force distrub-

ution) Z %K LTV 5. NHERZREBITORMBEE L
Kerr and Ross[5] represented manipulation b —
multiple fingers as a problem esfaticalforce
equilibrium, and discussed force distribution. g
Force distribution was originally discussed by
Orin and Oh[6] as a problem of muliig
locomotion. Currently, force distribution is a
central problem that is common in mulimb
systems such as mufinger, multtleg, and Bl 1 = RHEHE A
multi-arm systems. The author and his T Orin & Oh®ick DA T, Bl
colleagues extended the approach by Kerr ar Z2ZEE56E e FHE-oZ RS 27 4 60
Ross to the dynamical manipulation and e
discussed the stability of grasp [7, 8]. g T

e P> 1P 2 e3NeaA O 7.
AL E DB/ N,

See also Work of Christian Ott at DLR (2011)
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Whole body loco-manipulationtasks ﬂ(".

B Given: humanoid, task argtene

® How to extract affordances imartially unknown or
unknownenvironments

® How to associate whotbody actions to extracted
affordance

http://www.walk-man.eu
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Affordancesand ObjectAction Complexes -\\J(IT

® Perceptionand action areightly
coupled,intertwined, equivalent!

B PACGPLUSFormalisation of
affordances
B ObjectAction ComplexesJACS):

Objectsand Actions are inseparably
Intertwined

® Actionsdefine Objects
® Objects suggest Actions

CMU Graphics Lab Motion Capture Database
http://mocap.cs.cmu.edu/
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Whole-Body Affordances

® Handles affordyrasping

® Cups afforddrinking

® Balls afforahrowing

® Chairs affordsitting

W Stairs affordstepping

® Handles or handrall affordsolding
® Walls affordeaning
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The pipeline: from 3D points to affordances ﬂ(".

MemoryX
) ) [
. Gedmetric Validation
Comera™ Registiation ™ Seamentaon™  Primitive  —>0=p FENE 20> through
9 9 Extraction Execution

gl L

GraspPoint
Estimation
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Summary: From 3D Point Clouds to Affordances ﬂ(".

Registered Point Cloudssegmented Point Cloud Primitive &GraspPoints  Affordances
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Assignment of affordances to 3D primitives

AT

Karlsruhe Institute of Technology

Rulebasedaffordanceassignmenbasedon the type of primitve
andits parameters

e
grasp

qr?&sp grasp
support

9rasfaan
grasp

‘ Affordance ‘ Surface Parameters Conditions ‘ Valid. ‘
Support Planar Normal 7 T Zvorld (1)
Area a a> A
N | 1
Lean Planar oman N Zeeid )
Area a a > Aa
N |
Planar ormat a € [Az, Ad]
Area a
Radi A5, A
Grasp Cylindrical oo "€ [As; Aol @
Direction d  ||d|| < A7
Spherical Radius r r € [Asg, Ag]
o Radi A0, A
Hold Cylindrical 24w 7 T € oAl | )
Direction d IId|] = A1z
Ni 1 1
Push Planar omL R N~ Zeid 4)
Area a a < A3
N 1
Planar ormat v a < Ais
Area a
Radi < A
Lift Cylindrical o " T=715 1)
Direction d d < A1
Spherical Radius r r< A7t
Humanoids@KIT

Kaiser et al. 2014, 2015
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3D primitivesfrom point clouds ﬂ(".

Detectionof 3D primitivedasedon RGBD images
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Fromprimitives to affordances ﬁ(".

Rawpoint clouddata(Table in fronof the robot, Extracted3D shapeprimitives polytopeg
wall inthe back,chairto the right)
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Fromprimitives to affordances ﬁ(".

9B rasp

IGR
grgsg
AL grasp
9 (4 grasp
graspg rasRypport
wygrasp

grasp

grasp

support lean
insport silepaprv‘art
%’lﬁ%gcrt
grasp
support

3D primitives Affordancesassignedasedon rules
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Vahrenkamp and AsfouRepresenting the Robot's Workspace through
Constrained Manipulability Analysisutonomous Robots, 2014

LINRA Y A ;\:MLT

Exploitreachabilityand stability informationto determineusable
affordances

ras
graigsp grasp

grasp

support

gsu p%o rt

Kai s er ExgdctingWhole-Body Affordances from
Multimodal Explorationi, Humanoi ds 201
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Validation of Affordances (1) ﬂ(".

® Detect environmental primitives that afforglipportingor leaning
® Forcebased validation of extracted affordances

Kai s er Exadctiomof Wholé-Body Affordances for Loco-Manipulation Tasksii, | J HR
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