Santos Hand Simulation

Jingzhou Yang

Faisal Goussous

The UNIVERSITY OF lOoWA



Y Presentation Outline

« Current Hand Capabillities

« Ongoing Hand Research

* Future Work




. Current Capabilities

v'Biomechanical Model

* Right Hand

* Left hand
v'Graphical Interface

 Scalable Anthropometry
v'Photorealism (and Skin deformation)
v'Grasping (16 power and precision grasps)

v'Grasp Morphing (changing of grasping from one to another)

v'Manipulation (individual joints, or coupled joints)
v'Forward Kinematics
v'Joint Torque Analysis

v'Reach Envelopes of each Finger
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. Ongoing Research

v'Graphical Interface

v'Finger Pressure

v'Finger Wrapping

v'Grasping Quality Calculation
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N Future Work

v'Validation

v'Grasp Atrtificial Intelligence

v'Local Biomechanics wrist and hand modeling
v'Compliant Pressure Mapping

v'Evaluation of Carpal Tunnel Pressure

v'Dexterity Analysis
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The hand is an extension of the

human brain

Immanuel Kant
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Current Capabilities
_4'3—\ Hand Model
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Flezion/.

Ezfension / Abduzti‘pn/
Adducfipn

NOTE: The thumb is reverse

Flezion/,

Ezxtension Abducfibn/
Adduction

NOTE: The thumb is reverse e 2 < ‘ | e
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Flezion/
Eztension / Abducti
Adducty

NOTE: The thumb is reverse
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Left Hanci\
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Hand Model

Flezion/
Eztension / Abducti
Adducty

NOTE: The thumb is reverse
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Right Hand
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Hand Scalable Anthropometry

( =. Joint Limits - Hand
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Apply to
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& Right Hand
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—Current Capabiliies —_ Hyman Grasping (Classification)
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security, stability | dexterity, sensitivity
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N wpabllmes—\ Grasping Interface (16 Styles)

= Grasp EE E

~ Grasps

Power Precision
| |

[ |
Non-Prehensile Prehensile
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Morph Between Grasps
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Current Capabilities

Forward Kinematics

= Position tip of hinger in global coordinates U=

THUMB (1)
Coordinate xo= |-103.93 mm
Coordinate yo= [79.3 mm
Coordinate zo= [15.8 mm

HL
HL Hand length
HB Hand breadih|
Hand length: |200 mm
Hand breadth: |so  mm
INDEX (II) MIDDLE (III) RING (1V) SMALL (V)
Coordinate xo= |-3.14 mm - Coordinate o= |16.28 mm - Coordinate xo= [36.34 mm Coordinate xo= |55.37 mm
Coordinate yo= |158.25 mm - Coordinate yo= |159.71 mm - Coordinate yo= [145.73 (D Coordinate yo= [118.74 mm
Coordinate zo= |695 mm - Coordinate zo= [-77.44 mm- Coordinate zo= |-79.3 find Coordinate zo= [£68.14 mm
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Finger Posture

Optimization-based method

Find:

q

Minimize: f, =§n)vvi\qi—qi“\

Subject to:

i=1

9y =a <a’

' -x"]|=0
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e - Finger Workspace

() Thumb :
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Current Capabilities

-
t=2J, F
ik K

Where T:[Tl’fzv--’fn]

Ji (@) =

. Joint Torques

0
0 T1 @)
8q1
Zny(a)

"k

%7 (a) «
aqi
Z;_4(q)

Ti{ip)

T

0

0 T (a) g
6qk
Zk—l(q)

T

6k




Current Capabilities _
~~.__ Joint Torques

Finger joint torque
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Dexterity

Left Hand

Right Hand
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Work in Progress

~~._ Graphical Interface for Hand
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Work in Progress

G Finger Pressure

Recursive method:

7, = (0., 0,0, Fy)

T; = fz(qpqz’"-’qn’ Fn)

z-rrll = fn (ql’qZ""’qn’ Fn)

Given one of 7 - 7!
Solving above equations to find the rest of 7}
and F, 2
Repeat the above procedure to find all other F\
n-1

finger pressures




Work in Progress

N Finger Pressure

Joint Torque

0.35

0.25

0.15

0.05

Torque (N.m)

-0.05 A 2 I 4 I 6 7 8 9O 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

-0.15 -

-0.25
Joint

Finger contact forces: 3.5N, 4.0N, 2.5N, 3.0N, and 2.5N
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Work in Progress

NG Finger Pressure

o
N

Joint Torque

o
[EY

o
N

z
s CTETT T
<] 2 4 5 7 8 9
F .0.1 -
Joint

Finger contact forces: 2.5N, and 2.5N




Work in Progress

Spherical Sensors

Grasping

«Simplified Collision
Detection

*Finger Wrapping




| 7Work in Progress I
g Grasping

Finger Wrapping




| \Work in Progress _ _
~._ Grasping Quality

Given : Object Model, Hand Model, Grasp

Ouslity | 0027 w000

Find : The quality of the grasp




Work in Progress

~._ Grasping Quality

Given : Object Model, Contact points

object

» Find: Space of forces and torques that can be exerted on the




Work in Progress

Constraints:

e Can exert both
tangential and normal
forces.

Friction cone

 Fingers must not slip !




Work in Progress

~._ Friction Cone

Linear FC Approximation
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Work in Progress

AN

Mathematics

fi
Wi = [Di y fij Definition of a wrench ( 6dimensional)




Work in Progress

-Normals
-Contact points
-COM

AN

Implementation

Quality

-Friction Cones
-Compute wrench space
-Assume COF

A 4

QHull

-Convex Hull Computation . Compute quality from list

-List of planes of planes




~ [Work in Progress

AN

What Do they Mean in Reality ?

o

3D Force-Space Projection of Original 6D Hull

Measure#1 :

Radius of inscribed
sphere

Measure#?2 :

The volume of the
convex hull




Y Future Work

v'Validation

v'Evaluation of Carpal Tunnel Pressure
v'Grasp Artificial Intelligence

v'Local Biomechanics wrist and hand modeling
v'Compliant Pressure Mapping

v'Dexterity Analysis

R RE>

T
€.
O A V¥




Future work

Validation model:Motion Capture




7Future work

~ CTS

Carpal tunnel syndrome

Cost function: Bilateral Carpal Tunnel Syndrome with Surgical Release

Pronation/supination angles

Metacarpophalangeal (MP) angle

Wrist angles (flexion/extension)

Wrist angles (radial/ulnar)

Surgical Release
| A. Anincision is made in
the palm and wrist to

Fingertip loads

B. The transverse carpal ligament C. The median nerve and the

is Incised. flexor tendons are freed from
compression.




7Future work

Future Goals

- Pattern Recognition

- Neural Nets

/

Y Grasping

- Maximize Quality

- Constraints
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-10)
.12)
.13)
.11)
.14)
-15)

Cost Function for the Hand Model
\

Biomechanical Model

Rempel, et al. (1994, 1997, 1998),

Forward Kinematics Keir, et al. (1998, 1999),
Szabo and Chidgey (1989),

Weiss (1995),
Photorealism (and Skin deformation) Guo, et al. (2005)

Graphical Interface

Manipulation (individual joints, or coupled joints) D€Krom, etal. (1990),
Zatiorsky, et a. (2000, 2001)

Grasping (16 power and precision grasps) Gonzalez, Buchanan, Delp (1997)

Grasp Morphing (changing of grasping from one t&@ligth&H32!- (1998),
" pring ( Jing or grasping McCauIey)and Crumpton (1997),

Grasp Artificial Intelligence Delp, et al. (1996)

Dannion, et al. (2001)
Gelberman, et al. (1981),

Joint Torque Analysis Rydevik and Lundborg (1977),
Werner and Armstrong (1997),
Deshpande, et al. (1997),
Compliant Pressure Mapping Neiman, et al. (1995),

Tarinelli and Nowak (1999)

Li, et al. (1999, 2004a, 04b, 05)

Finger Pressure
Local Biomechanics wrist and hand modeling

Reach Envelopes of each Finger

Evaluation of Carpal Tunnel Pressure

Dexterity Analysis ﬁ , E
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\ Cognitive Decision-Making

ArtIfICIaI Brain
- =
Intelligence
v Decision making Ocular =2

......................

. " }/@.
v Emotion-based cognitive fingtions
v Robotics-like task planning

v Computer modeling of cogniti

GRIP

e aspects

PREHENSION

Motor
pathways

Sensory
pathways
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\ Grasping (Direct Manipulation)

. Grasp !EB
G ~ Grasps
ras
emphasis hasts R
security.stabllty [ P dextertty, sensitivity Power Precision
]
Power Precision
clamping not clamplng Non-Prehensile Prehensile
required required |
Non-Prechensile Prehensile
(one irtual
finger) thin compact long
r (two ‘virtual
nnfcn'l
Hook, Platform, Q o f . e 5 < s
Push et inch Prismatic Circular Cirauilar Prismatic
lon, compact ,,Cdf.‘,'c“l" l‘:ﬂsmlhghc
Prismatic Circular T sty 2 Virtaal fingers)
(wrap symmetry, fingers  (radfal symmetry,
surround part) ﬂngen surround part} swiall ’. |‘ ‘ Q m

@
2 £ % L& P v
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l Morph Between Grasps
Heavy 1
wrap
Ag B———n
Medium Wrap  Adducted Thumb  LightTool  Thumb -4 Finger Thumb-3 Finger Thumb 2 Finger Thumb Index Finger
) 4 8 s 7 s ® ~ Morph to Neutral
Fist Current Open
| I |
=u | il ) s |
zqm: Specific Grasps Apply To T:"lb‘l:'mb L ¥ |
Large Dimmetwr gumall Disometer italic labels - grasp attributes S 18 I
grasp ¢ LeftHand : |
1 2 boldface labels - grasp names 3 Middle 1, 1 =
" Right Hand Ring ! | = |
P — —p (¢ Both Hands < = ﬂ' ] Ig
Increasing Power Increasing Dexlemg. Pinky
and Obfect Size Decreasing Object Size
Al ry |
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junk.avi

Hand Models and Grasping

Grasp BEE
2sps
Power Precision
Flezion/, —
Fztension ' Abd ot Non-Prehensile Prehensile
Adduct
NOTE: The thumb is reverse
Prismatic  Circlar Circular Prismatic

T R
Ao 5 .

Fist Curent Open

I
A Thumb = J_ILA
i Index =1, =
€ LeftHand e T
& Right Hand i et =
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Editors = Santos for DHM 1w Grasp = LA
3D Layout -~ Grasps

Power Precision
|

Non-Prehensile Prehensile

| —

~] | |os

SR =l - . 5
Prismatic letular Circular Prismatic

I-m m
YD e @

~Morph Between Grasps -

f”_l) ]

-~ Morph ta Neutral
Fist Current Open
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T Thumb 1 I'J
Index 1 -

" Left Hand ¥ .
5 Middle Tl [_J
" Right Hand Rin T[ l_-_J

/¢ Both Hands g 3
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TN Geometric-based Grasping

\

y

/L\Qm fngertp
/ \3‘?)

Tangent point in center of
proximal phalangeal bone
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N\
FAN

\
| Middle fingertip
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Thumb fin.gcdip\\ A B /
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Field System:
Tactical Decision Aid
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Hand Modeling

Santos for DHM

Non-Prehensile Prehensile

_I_\

r_

]
Prismatic  Circular

Circular

A

Y

Prismatic

I I

¥

D voem
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Morph Between Grasps —
m ) |
7
~ Morph to Neutral
Fist Current Open
I, I
Thumb 1 =
(ApelTo Index — X T
 Left Hand Mi - T T,
: iddle . ’
" Right Hand g =t _‘1 ';,
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Hand Zone




Body Zone
Differentiation,
analyzed from the
same Hand Zone

End Effector
N
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