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Humanoids@KIT 

The team 

Humanoids@KIT  
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Humanoids@KIT 

Humanoids in the real world  

 

Grasping and manipulation 

 

 

 

Learning for human observation 

 

 

 

Natural Interaction and communication 
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ARMAR-III in the RoboKITchen 

February 3, 2008  

RAS 2008 
Humanoids 2009  
Humanoids 2010  
ISRR 2011 
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Advanced grasping capabilities 

Bimanual grasping and manipulation 

 

 

 

 

 

 

Pre-grasp manipulation  

 

4x 1x 

1x 

RAM 2012  
IROS 2011  
Humanoids 2010  
Humanoids 2009   

1x 
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Humanoids@KIT 

How to deal with unknown objects?  

 

Haptic exploration  

 

Physical interaction for object segmentation 

 

Combining action, vision and haptics for grasping  
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Humanoids@KIT 

Affordance in grasping unknown objects   

Potential field approach to 
guide the robot hand along 
the object surface 

Oriented 3D point cloud 
from contact data 

Extract faces from 3D point 
cloud in a geometric feature 
filter pipeline 

Parallelism 

Minimum face size 

Face distance 

Mutual visibility 

 

 

 

Association between ñobjectsò and grasping actions Ą  ñgrasp affordancesò 

Humanoids 2008, 2009, BioRob 2012 
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Physical interaction for object segmentation 

Discover and segment unknown 
objects through physical 
interaction (pushing) 

 Ą  Reliable, correct and  
  complete object  
  segmentation 

 

Reactive grasping based on 
haptic feedback:  

No object model needed  

No grasping planning  

 

 

ICRA 2012, 2014,  
 Humanoids 2011, 2012 
Adaptive Behavior 2013 
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Combining action, vision and haptics for grasping  
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Humanoids@KIT 

Torque controlled  
3 on-board embedded PCs  
76 Microcontroller  
6 CAN Buses 
 
63 DOF 

41 electrically-driven  
22 pneumatically-driven  (Hand) 

 
238 Sensors  

4 Cameras 
6 Microphones   
4 6D-force-torque sensors  
2 IMUs 
128 position (incremental and absolute),  
torque and temperature sensors in arm,  
leg and hip joints 
18 position (incremental and absolute) sensors in 
head joints 
14 load cells in the feet 
22 encoders in hand joints  
20 pressure sensors in hand actuators 
Χ 

 
 

ARMAR-4: Mechano-Informatics 

ARMAR-IV 

 

made@KIT  

 

70 kg 

 

170 cm     

More than 

mechatronics 
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Humanoids@KIT 

ARMAR-IV 

63 DOF 

170 cm  

70 kg  

Torque-
controlled! 
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Whole body loco-manipulation tasks  

WALK-MAN  

KoroiBot 

 

Improving walking behavior based on 
human walking motion 

Whole-body loco-manipulation tasks  



Institute for Anthropomatics and Robotics (IAR) 
High Performance Humanoid Technologies (H2T) 

14 

Humanoids@KIT 

 

 

 

 

 

Duality of grasping and balancing  
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From grasping to balancing 

CM 

Ground reaction forces 
Weight of the body (CM) 

Torques on the joints 

CM 

Fingertip forces 
Weight of the object (CM) 
Torques on the joints 
 

Equilibrium is reached by balancing similar sets of forces 



Institute for Anthropomatics and Robotics (IAR) 
High Performance Humanoid Technologies (H2T) 

16 

Humanoids@KIT 

From grasping to balancing 

Concepts of grasping can be applied 
to loco-manipulation 
 

Grasp synthesis Step planning 

Stable grasp Balance 

CM 
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Nakamura 1990 

Nakamura, Y.: Grasp and manipulation. Journal 
of Measurements and Control 29(3), 206ς212 
(1990). (Japanese) 

 

Kerr and Ross[5] represented manipulation by 
multiple fingers as a problem of statical force 
equilibrium, and discussed force distribution. 
Force distribution was originally discussed by 
Orin and Oh[6] as a problem of multi-leg 
locomotion. Currently, force distribution is a 
central problem that is common in multi-limb 
systems such as multi-finger, multi-leg, and 
multi-arm systems. The author and his 
colleagues extended the approach by Kerr and 
Ross to the dynamical manipulation and 
discussed the stability of grasp [7, 8]. 
 
See also Work of Christian Ott at DLR (2011) 
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Humanoids@KIT 

Whole body loco-manipulation tasks  

 

 
 

Given: humanoid, task and scene 

 

 

How to extract affordances in partially unknown or 
unknown environments  

 

How to associate whole-body actions to extracted 
affordance  

 

 

http://www.walk-man.eu 
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Affordances and Object-Action Complexes  

Perception and action are tightly 
coupled, intertwined, equivalent!   
 

 

PACO-PLUS: Formalisation of 
affordances  

Object-Action Complexes (OACs): 
Objects and Actions are inseparably 
intertwined  

Actions define Objects 

Objects suggest Actions 

 

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

 

Handles afford grasping 

Cups afford drinking 

Balls afford throwing  

Chairs afford sitting 

Stairs afford stepping  

Handles or handrail affords holding  

Walls afford leaning  

Χ 
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The pipeline: from 3D points to affordances  

RGB-D 
Camera 

Part-Based 
Segmentation 

Geometric 
Primitive 
Extraction 

Affordance 
Extraction 

Validation 
through  

Execution 

Grasp Point 
Estimation 

Point Cloud 
Registration 

MemoryX 
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Summary: From 3D Point Clouds to Affordances 

Affordances Primitive & Grasp Points Registered Point Clouds Segmented Point Cloud 
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Assignment of affordances to 3D primitives 

Rule-based affordance assignment based on the type of primitve 
and its parameters 

 

Kaiser et al. 2014, 2015 
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3D primitives from point clouds 

Detection of 3D primitives based on RGB-D images 
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From primitives to affordances  

Raw point cloud data (Table in front of the robot, 
wall in the back, chair to the right) 

Extracted 3D shape primitives (polytopes) 
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From primitives to affordances  

3D primitives Affordances assigned based on rules   
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αReachableά and αǎǘŀōƛƭŜά ǇǊƛƳƛǘƛǾŜǎ  

Exploit reachability and stability information to determine usable 
affordances 

Vahrenkamp and Asfour, Representing the Robot's Workspace through 
Constrained Manipulability Analysis, Autonomous Robots, 2014 

ίὸὥὦὭὰὭὸώὧ
ÍÉÎ● ὧ ◐ Ḋ◐ᶰ‬ί
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Kaiser et al. ĂExtracting Whole-Body Affordances from 

Multimodal Explorationñ, Humanoids 2014, 2015 



Institute for Anthropomatics and Robotics (IAR) 
High Performance Humanoid Technologies (H2T) 

34 

Humanoids@KIT 

Validation of Affordances (I) 

Detect environmental primitives that afford supporting or leaning  

Force-based validation  of extracted affordances 

 

Kaiser et al. ĂExtraction of Whole-Body Affordances for Loco-Manipulation Tasksñ, IJHR 2015 


