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Kapandji Taxonomy
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Thumb Abduction / Adduction



Feix et al. Cumulative Taxonomy
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Cumulative Taxonomy:   My Summary

1. Power grasps using the Palmar Gutter 

2. Power grasps using Other Parts of the Palm 

3. Power grasps with Lateral Stabilization 

4. Precision grasps with Lateral Stabilization 

5. Power grasps with Pad Opposition 

6. Precision Grasps with Pad Opposition



Lateral support

Pad opposition

Power palm

Feix et al. 
Cumulative 
Taxonomy:    

My Summary



Feix et al. Cumulative 
Taxonomy — is this sufficient?



Taxonomy from a Surgeon

https://mpatkin.org/ergonomics/handle_checklist.htm

Power External Precision Internal Precision Pinch

Stretching
Ulnar Storage Suture Storage TriggerStretching

Power 
Variation



I-Limb Taxonomy

https://www.youtube.com/watch?v=doWAtRT00T0

https://www.youtube.com/watch?v=doWAtRT00T0


I-Limb Taxonomy:   1 of 2



I-Limb Taxonomy:   2 of 2



One Object, One Task, 17 Subjects

Lateral Precision Disk Palmar Pinch

StretchingBimanual 
Lateral

Bimanual Parallel 
Extension?

Bimanual 
Cupping

Bimanual 
Ring

Parallel Extension
 Variation?

Ventral 
Variation?

Palmar Pinch  
Variation?

Palmar Pinch  
Variation?



Power Lateral 
Pinch, Middle 

Finger 
3 Ulnar 7 

Thumb Proximal 
Phalanges Pinch 4 Thumb Index 

Pad Pinch 8 Ulnar Plus 
Pinch 3 

Large Diameter  
Heavy Wrap 8 Large Diameter Heavy  

Wrap / Index Top 3 
Small Diameter  

Heavy Wrap 1 Power Sphere 3 Power Parallel 1 
Power Parallel 
with Index Side 2 

Power Grip 
Distal Type 1 

Precision Sphere 1 Precision Disk 4 Precision Tripod 2 Precision Thumb 
4-Finger 4 Precision Thumb 

3-Finger 3 
Precision Thumb 

2-Finger 1 Precision Thumb 
Index Finger 1 

Power Medium 
Wrap 1 Power Grip 

Extension Type 3 Multi-Item 3 Power Lateral 
Pinch 3 

Power Lateral Pinch, 
Torque Supported 2 Power  

Non-Prehensile 1 Two-Hand 1 

3 Minutes of Shopping, One Subject



1 Day, Two Subjects, Grasps from Feix et al.



1 Day, Two Subjects, “Grasps” NOT in Feix et al.



Grasps in Action:  Two Pages from Kapandji





Beyond hand poses



Motion, Force, and Stiffness 
Lateral (Pinch) Grasp

J. Liu, F. Feng, Y. Nakamura, and N. S. Pollard, 2014. A Taxonomy of Everyday Grasps in Action, IEEE 
International Conference on Humanoid Robots (Humanoids 2014), Madrid, Spain, November 2014.

http://www.cs.cmu.edu/~jialiu1/database.html



People prefer expressing forces as verbs 
20 Verbs for 173 Observed Grasps



Twist



Pull



Pull
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Intrinsic hand motions





Simple Synergies
Pinch

SqueezeDynamic Tripod



Reciprocal Synergies 
Thumb Abducts/Adducts

Twiddle

Rock Rock



Reciprocal Synergies 
Thumb Flexes/Extends

Radial Roll

Index Roll

Full Roll



Sequential Patterns
Rotary Step

Digital Step

Linear Step



Palmar Slide

Not Classified



Manipulation Taxonomies
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Synergies



Synergies
• Coordinated movements or control signals to 

accomplish a given task
• Motor primitives
• Arise from physical couplings of tendons and muscles 

or neuro-muscular patterns
• Analogous to vector bases… linearly independent 

elements that combine to form the set of all 
movements (postural synergies/eigengrasp space)
• Often analyzed using Principal Component Analysis… 

data suggests that 80% of grasp posture information 
is explained by the first two 
synergies/components/bases

6

slide from Ryan Coulson



Related Work

• Postural Hand Synergies for Tool Use (1998) by 
Santello, Flanders, and Soechting
• Subjects asked to grasp and use 57 imagined

objects
• Found that hand postures were distributed 

along a continuum (as opposed to a discrete 
grasp taxonomy)
• PCA: 80% of posture info explained by first two 

synergies/components

7

slide from Ryan CoulsonSantello, Marco, Martha Flanders, and John F. Soechting. "Postural hand synergies for tool use." 
Journal of neuroscience 18, no. 23 (1998): 10105-10115.



Our data collection effort



Grasps from the 3min shopping video plus 
Elliott and Connelly



Finger and thumb tip triangles in  
back of the hand frame





Methods
MoCap database

• Optical Motion Capture


• 4 objects


• 11 motions, 13,278 frames


• 28 grasps, 17 grasp transitions, 11 object pickups, 11 
object releases



Example Motion
Ball Power Lateral



Ball Power Lateral
Frame 

203 Frame Frame Frame Frame 



Ball Power Lateral
Frame 203



Ball Power Lateral

Frame 
203

Frame 452



Ball Power Lateral

Frame 452

Frame 



Ball Power Lateral

Frame 

Frame 



Ball Power Lateral

Frame 

Frame 



Ball Power Lateral

Frame 



• 59 markers to track 6 
degree-of-freedom 
configuration of each 
major bone


• Joints represented by 
quaternions

Markers & Joints



Methods
• Gradient based optimization 

(L-BFGS-B)



Dataset of most different Poses
- 1000 “nice” poses (here’s 10)



Results
- Synergies

• PC = Principal component


• Computed from dataset, after subtracting the mean


• First synergy (PC1) - standard opening and closing of 
the hand.


• Second synergy (PC2) - fingers out from and in 
towards the palm.


• Third synergy (PC3) - twisting motion


• 3 synergies account for 50%, 15%, and 9% of the 
variance respectively.



Synergies
- a comparison

• Synergy 1 - 
fingers 
spread + 
come 
together


• Synergy 2 - a 
bit different in 
each

1998

C. Della Santina, et al., “Toward dexterous manipulation 
with augmented adaptive synergies: The pisa/iit softhand 

2,” 2018.



Workspace

• Dotted lines: motion paths of the distal link on each figure


• Left side = Eigen motions   Right Side = all frames



Eigen Motions

• 6 principal components


• 50%, 15%, 9%, 6%, 4%, 
4%, of the variance



Fingertip  
Workspace



Workspace
- takeaways

• Volume of traced points is 
small


• Forms a thin shell


• Small range of motion


• Thumb most frequently 
appears to oppose the index 
and middle fingers



Aside:   How can you implement 
synergies in a robot hand?



Actuation Strategies

11

slide from Ryan Coulson
Piazza, C., G. Grioli, M. G. Catalano, and A. J. A. R. O. C. Bicchi. "A century of robotic hands." Annual Review of Control, 
Robotics, and Autonomous Systems 2 (2019): 1-32.



Related Work
• Inter-Finger Coordination and Postural Synergies 

in Robot hands via Mechanical Implementation 
of Principal Component Analysis (2007) by Brown 
and Asada
• 17 DOF, 2 motors
• Implemented fist two synergies/components via 

two shafts with pulleys of different diameters

8
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Shape-adaptive Underactuation

1:10
12
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hand: Design and performance evaluation." The international 
journal of robotics research 29, no. 5 (2010): 585-597.



Pisa/IIT SoftHand Design
• “Mechanical implementation of soft 

synergy obtained via numerical evaluation 
of corresponding transmission matrix R 
and joint stiffness matrix K” 

!:  “variation”
q:  joint configuration
z:  adaptive synergy displacements
":  joint torque
#:  adaptive synergy forces
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1141-1156.



Joint Design
• Compliant Rolling-contact Elements (CORE)
• Held together by elastic ligaments
• Pre-tensioning of ligaments creates attractive equilibrium at rest 

configuration (fingers stretched)
• No screws/shafts/gears/bearings
• Low friction and wear
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Benchmarks

(see references)


