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Fig.2.1: Virtual hand model
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Fig.2.2: Interaction model between the hand and an object
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Fig.2.3: Pushing an object at one point
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Fig.2.4: Finger correction for pushing at a point

-20-



ggboogobooboobbooboon

gcBU00D0OO0DOoODOTOOOODOROODOOO
CB=T+R, CG//T, TO R. (2.1)
Joddooooo TOOoooooooooboooDoo RrROODbODO COooooon
JGcUOOO0DOOOXOODOoooe ooooooooooooooooooooo
O00oooooXoooeooooooo
0 =arctan(||R||C ||CG|), X=Rx T. (2.2)
CB/CGUOOOOT=CB,R=000000000000O00OO0OCBO ccUuOoOoon
T=0,R=CBOO0OOX=Rx cGcUUOOUOOOOooooono
godooo2400000000AO00O0O00O0O0OO0OOBOOOOOO
O0o00oooooooo(@ 24-b,c)0 BOOOODODODDODODOODOOOOOoOOOO
gbodoooooosbodoododoonooodooooboonotod
O000ADD0O0O0O0O000000OoOoOoO@24-)00 00000000000
Oo0ooooO@24-d)00000ooooooboboooooooooooooog
O00ooooooooooooo@ 2.4-e)0

200 00000000000 00O0020000000D0000000D0OO0
guoubbbotoooooobobboooobbbooooooboboond
guouobobbtooooboobbbbooooobobboooooobooog
guouboooobobbuoooobobbbuoob oo uooboog
guouobobbotoobobobbbogouobbbooooobouooobooog
guoubobbtbooooobbboooooobobbbouoooobooog
guobbgooobobooooobobbouoooobobobbuoooon
20000dobobbbbdooub bbb bbbbbUuug

godoooooobbbbbdoooooooooobbobobobo20bboooon
guooubobbotoooooobobbooooobbboooooobbooog
guoubbbtboooboobboooouobbboooooobooood
guoubbogbbbuooobobobboooobbobobuooooboboog
I A A 0 2 <Y N [ B R I 0
0

000030000000000030000N,N,,N,OOOOO0OS6 0 .0

12’ 23! 13

-21-



goboobooobooboooboobboon

godlgdobobbgooooooouobbbouooooboobbobbubogoo
gobobbooooooobuogoooooobood
gooobobobbze0bboooooobbbboobb2000000O
00o0o0obo0o0m@oooobooboooobo0ob0oooDbO0oUn (O 2.6-b)m
gobuobboboodoobobbboooobobb oo bobbuoouoo
gobuobboooooobobbboooooobboooobobobbuuoooo
gobobbooooooobubbbuoooobobbouoooobobbuouoo
gobuobbooouobobbboooobbooobobboooooobobbuouoo
00000 @2ea) 000000000 D0O0OO0@26-c)0D0O0OODOODODO
gobuobbotbooouobbboooooobbouoooobbbuooou o
gbgobooboobobboogbuobogoboobobouobouobouood
(Framet+)D D OO DDO0O0OODODOOFamet+l 0 t+2)0 00000 O0OO O OO
gobuobbooogouobbbbooooobboooooobobobbuouoo
00o0o0obo0boooobooooooboo(@ 2.6-d)0
goobobobobbooooooobooeonbbbbbbbbobbbbbooooon
gooboboobob20bb0dooooobbobboobbbbooooouoobooboD
guobobboooouobobbooooooobb oo ooooo
gobobbobooobobbogoooobobbuouooooo
guobobbuoooobbbuogooobbbbuooooobbbuooo
guobobobogooooboobbogoooooo
2000 0000000000000 0OD00DLD00b0DO0ODDbOOoUObODOODDbO

oo oooobobbouooood
gobuobbooouobobboooobbbooooobbbouooobuouoo
gbodgubogbogboobooboobuoonboobnbounbouobood
243000 00o0odoooobbobbbdooooubbbbbooooooooo
gobuobbotooouobobbooobbooooobobbuooobobbuouoo
gobobbbgoooobobbbooooouobobbouoooobobbuouoo
gobobbuooouobobobogoooobobobbouooaoao

-22-



ggboogobooboobbooboon

point G : Center of gravity
N1, N2 : Normal vector
N 3 : Pseudo-normal vector
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Fig.2.5: Pseudo-normal vector and grasping check
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Fig.2.7: Stability check of an object on the floor
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Gm : Tranglation vector for the center of gravity G
0 : Rotation angle decided by R

X : Rotation axis through contact vertex V1; center of rotation C

Floor

T : Element of rebounding and dliding Gm

point C: Vertex closer to G’ in contacting vertices V,

(a) One vertex isfixed

(2)

T . Sliding element in parallel with line,V,
Gm’ : Vector excepting” fromGm

(b) Two vertices are fixed

point G': Projected point of the center of gravity G
G in the direction of moving vector Gm

=}~ Floor 11, 7 linesthrough V1, V perpendicular to line V1Vo

D:Areabetweenlin%ll, lo

S ————

Y
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.

Vo Vi

|:| : Convex-hull area decided by vertices on the floor

point G' : Projection of the center of gravity G on the floor
in the direction of moving vector Gm
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Fig.2.8: Motion of an object on the floor
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Fig.2.9: System configuration and processing flow
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(b)CG image of the virtual space presented on the screen
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Fig.2.10: Examples of manipulating objects with a virtual hand
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0210000000000 000000000
Fig.2.11: Manipulation of objects (arbitrarily shaped polyhedrons) with a virtual hand

-32-



oooooooooooooooooood

02120000000000000
Fig.2.12: Flipping an object with a finger of a virtual hand
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Fig.2.13: Throwing an object with a virtual hand
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Fig.2.14: Putting an object on another object with a virtual hand
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Table 2.1: Evaluation for each manipulation

manipulation (@8] (2 (€)) 4 5)
a 0 O o O o
g
= b o O @ O O
?
o O O O o o
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Fig.2.15: The change of the contact state
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Fig.2.16: Number of frames drawn in the unit time
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Fig.2.17: Examples of manipulation for experiment
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Table 2.2: Required time for each manipulation

220000000000

(sec.)
manipulation [ subject A B C D E
(1) contact objects 8.3 5.6 5.3 4.3 6.3
(2) put on another 16.0 10.7 18.3 14.7 12.0
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