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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

4. Precision Grasps with Pad Opposition B




Feix et al.
Cumulative
Taxonomy:

My Summary

Power palm

Pad oppsition
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Feix et al. Cumulative
Taxonomy — Is this sufficient”



Taxonomy from a Surgeon

External Precision Internal Precision

Power
Variation

Ulnar Storage Suture Storage Stretching Trigger

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



-Limb Taxonomy

Motorized Dight

Palmar Fainng

Motorized Thumb

On 7 Off Switch

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



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

-Limb Taxonomy: 1 of 2




-Limb Taxonomy: 2 of 2

Thumb Park Continuous

all four fingers remain open and switch off,
only the thumb will move.

Grasp
hand forms a shape appropriate for grasping
an object. Fingers flex rapidly when any user
signal is applied
Cylindrical
hand forms a shape appropriate for grasping
a cylinder

Lateral Grip

all four fingers fully close and switch off. only
thumb will move.

Index Point

thumb, little, ring and middle fingers close
and switch off. Only the index finger will
move.

Custom Grip

all fingers automatically move to a user
defined position. The user can choose to
keep certain digits active and switch others
off.

Thumb Park Quick
all four fingers remain open and switch
off, for 1.5 seconds the thumb will close

and then automatically return to an open
position.

Rotate Thumb

thumb and all four fingers fully open and
switch off. Only thumb will rotate

Open Palm

hand forms a shape appropriate with
holding plate or saucer

Custom Gesture

all fingers automatically move to a user
defined fully opened or fully closed position
and switch off.

One Finger Trigger

hand forms a shape appropriate for using a
spray bottle with the index finger active

Trigger Two Finger
hand forms a shape appropriate for using

a spray bottle with the index and middle
finger active

Thumb Trigger

hand forms shape appropriate for using an
aerosol spray can with thumb active

Mouse

hand forms shape appropriate for using a
computer mouse

Handshake

hand forms a shape appropriate for shaking
another persons hand

hand forms the proper shape for donning
and doffing a cover
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Middle, ring and little | Allows for a wider open- 1. Returning cards or
fingers remain fully ing than thumb precision. money to wallet
Standard Precision opened and switch off. | Alds with visualization or for | 2. Picking up napkins
Pinch Opened Both index finger and | pinching objects where the 3. Folding laundry
thumb will move to non-active digits may getin
provide grip. the way.
Middle, ring and iittle Accuracy is improved when 1. Pick up pendcil or slim,
fingers remain fully picking up an object by allow- | long objects
opened and switch off. | ing you to place the thumb 2. Thread needle
Thumb automatically | against the object to be 3. Sort/Pick up medica-
Thumb Precision moves 1o a partially pinched. Only the index finger | tions
Pinch Opened closed position. Only | moves to grasp the object.
index finger will move | Ideal for repetitive tasks.
to provide grip against
the fxed thumb,
All four fingers fully Holding onto plate, papers, 1. Hold plate while
close and switch off, CD or other flat objects. serving food
Only thumb will move. | Improved stability with use of | 2. Hold clipboard
the side of the index finger. 3. Get card from ATM
Lateral Grip 5. Open ziplock bag
6. Tie Shoe Laces
All four fingers remain | For longer dressing period 1. Put on jacket
fully open and switch | that will require more than 2. Grasp flat objects,
off. Only the thumb the 1.5 seconds of thumb park | such as abookora
will move. quick or grasping light weight | tablet computer or
Thumb Park flat objects. Can also use stall- | clipboard
Continuous ing out digits to complete, 3. Allows readjustment
putting pressure against of the object open-
index to little and closing ing letters or sorting
thumb in to hand. paperwork.




One Object, One Task, 17 Subjects
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Lateral Precision Disk Palmar Pinch

Parallel Extension Ventral Palmar Pinch Palmar Pinch
Variation? Variation? Variation? Variation?
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Bimanual Bimanual Parallel Bimanual Bimanual
Lateral Extension? Cupping Ring
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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 Kapandii




Hand shape Is not enough



Motion, Force, and Stiffness
Lateral (Pinch) Grasp

Exampk - Example
roree Type ull Hull Force Type |

Hold | Rub/Stroke
Mot:on Dwr || -x (hand) | Xz pianc (hand) Motion Dir | xy plane (hand) " xy plane (hand)

rorce Dur . - Force Dir wwards (hand)
 Flow | Bound Moton/ Bound | Hall Bound Motion/ Flow T Free Moton/ Half Bound | Hald Bound Motion/
orce Bound Force orce Bound Morce
Annotation | Put on glovesialong the | Drag wilet papCr Annctation | Give card to someone | Wipe classes

arm) ™

|

- - A .
Y 4 -
)
Example

Example Force Tvpe | Hold | Hold
rorce lype Twist - Twist Motion Dir | 2 (gictal) -z (globaly | around x aus (hand)
Motxon D around vy axis (hand) around x axs (hand) around x axis (hand)
Force Dir || ' Force Dir |
Flow 1 Bound Motion | Bound Motion Flow ! Free Motiod Bound | Hald Bound Mouony
Annotation || Twist the key to start up | Twist the knob in car Force Bound Force

the car Annctation | Eat with scoop | Pour washing powder

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/~jialiul/database.html




People prefer expressing forces as verbs
20 Verbs for 1/3 Observed Grasps

Force ' Definition " Freq-
Type uency
Break off || Remove a pant of an object |3
Extend I Apply outward forces from within the object '

Orab || Hold or secure without OpposIing gravity

Hold || Grasp nh}ul In @ way that resists tr.z\xl\

Lever | Pivot one end of an uh|cd around a fixed end

Laft || Apply upward force greater than gravity

Place Put something 1n a specified position

Press | Exert force in a direction away from the shoulder

Pull Exert force 1n a direction towards the shoulder

Punch | Press or push with a short, quick movement

.

Put in Insert one nhuu into .mnlhu

- -

Roll ‘Cause rotation without pra humwl

‘Rub/Stroke || Move back and forth while puwm'
" Scratch || Rub with something sharp or rough (with the
hand directly or a tool)
Squeeze | Apply compressive force around object greater
than needed to hold object
Take out || Remove one object from another

.-

Throw Pm;\l an object lhtnw'h the air
- Tum [l Fip or rifle lh.mibh pxu\
~ Twist Cause rotation with P"th nsion | 13
~ Swing Move with a smooth, curving motion like hand | 6
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Pull
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Tuck-fold Base of Jeal-bunch beld by ooe hand, whilk
the other hand uses dagits 1.4 and S 10 ek
in loaf-blados at the sides, bofore digits 2 and
' fold over the wp leaves, By delinition, the
hand holding the banch is swapped over. R

P'wist-apart Object (usually leaves) held in both |

then twisting of cach hand versus the other is

used 1o tear the object. R

Twist-fold A special case of leaf-fold where the keal
blades are twisied belfore being fold wer. R

T'wist-in Handfal twisted as it is fod into mouth, in the
case of leaves havang the effect of keeping

the bundle compact. M.

e Tame 4

Twr Sacare
bo -

fowr band cop

Byrne, Richard W., ana
Jennifer M. Byrne.
'"Manual dexterity in the

a gorilla: bimanual and

digit role differentiation in

a natural task." Animal
Cognition 4, no. 3-4
(2001): 347-361.



|_et’s start with hand shape
Hand shape Is not enough

INtrinsic hand motions



A CLASSIHCATION OF MANIPULATIVE
HAND MOVEMENTS
s e

J. M. Elliott
K. J. Connolly

INTRINSIC MOVEMENTS

SIMULTANEQUS

Simple Synergies - P och
Dynamec Trigod
Squeese

b

Reciprocal Synergies

Thumd Adducty  Abducts Twho e
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SEQUENTIAL
|~ Sequential Patterns Rotary Step

Dgnal Swep
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Fig. 1. Classificarion of intrinsic hand movements



Simple Synergies
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Dynamic Tripod Squeeze



Reciprocal Synergies
Thumb Abducts/Adducts
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Reciprocal Synergies
Thumb Flexes/Extends

Radial Roll

Index Roll

Full Roll



Sequential Patterns

Rotary Step

Digital Step

Linear Step




Not Classified

Palmar Slide




Transitions

6. Prismatic | |
4-finaer Ve g .--,' 29. Stick
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6. Prl_smatlc 32. Ventral
4-finger




Transitions

N

9. Palmar
24. Tip Pinch




Transitions

N

= -
20. Writing
Tripod

32. Ventral

23. Adduction
Grip

6. Prismatic
4-finger

Digital Step



Power Palm
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Precision Pad

Precision Lateral

Grasp Network



Power Palm :
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Power Pad

Grasp Network



Our current data collection effort




Grasps from the 3min shopping video plus
Elliott and Connelly




Finger and thumb tip triangles in

back of the hand frame

~100



