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Generation of ball catching and throwing movements
with arbitrarily prescribed ball positon and speed

ooo oot
Yuzo Takamido

1. O0Ooo

000000000000000000 (HMM:Hidden
Markov Model) 0 000 00000000000000
000000000000 (1) (20000000000
0000000000000000000000000
00 HMMOODOOOOOOOOOOOO0OOO0O0O000
00000 HMMOOOOOOOOOOO0O [3)000
0000000000000000000000000
0000000000000000000000000
0000D000000D0000

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000D000000D0000

0000000000000 (000000000)
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000

2. gJ0gboobOoboooon

000000000000000000000000
00000000000000000 (1900)000
Z0XO0YOOOOOODOO XO0YOzZOOOOOoOOOo
00000000000000000000000000
00000000000000000000000

00 [1][2)0000000000000000000
00000 (000000)0000000000000
0000000000000000000000000
0000000000000000000000000
00 3.000000000000000000000
0000000000000000000000000
000000000 (000000000000000
000000)000000000000000000
HMMOOOOOOOOOOOOOOO00000000
0000000000
3. ooouououoooo
3.1 0000000000000

00 (1] 200000 HMMOOOOOOOOOO
00000000000000000000HMMOO
0000000000000000000000000
000000000000000000

HMMOOD ;00000000 p, 00000 (00
0000000)000000000000000000

f000000 00000000000

oo oot
Takashi Masuko

OO0 oot
Takao Kobayashi

()OoooOoUoooooooooooo
w; = H;§ (1)
E=[10"]" (2)

000 o0mmO0000D0000000H,; O dx
(m+1) 0000000000000 0OdOOO0OOO
0D000000O0o-"To000ooooo

3.2 H,000

EMO0OO0O0OOOOO0OO0 H, 00OOOOOOH,; O
0000000 20000000000000000
000000000000 n0O00O0O0O000 O™ =
(0™, 00" ..o )oooooooooo v™ooood
H, 0000 Q000

Qp, (N, b;)=
N Ty
S PO™, ¢ =ilX ™)

t=1

1
Z P(O(n)|)\’, v()

n=1

log bi(o{™,v™) (3)

0000000000N 00000000 HMMOO
0D0000000000ONODOOOOOOOT, 000
000 00000000k OO0 b, 0000000
00000000000000000¢™ 0ooooo
n000+¢+00000000000 (3)0000000
000000000000000000000 [1][2] 0
000000000000000000 U 000000
HMMOOO ¢ 0000000

d 1
log bi (0", v™) = Z log(2m) — 5 |U|
1

—5(ot" — Hig")TU (o} — Hig™) (4)

0ooooo
0, (N,b) 0 H;,DOOOODOOO0O0D00O000H,;
0000000000000000

wW(i) = P(g™ = il0™, X, v™) (6)

0000000000000000000000000
0400000000000

401 89



C

\ a4

/ o5

A [ (1 (1 (4 74
stay prep catch catch catch hold
Q‘ ~ ¥

Q X4

. I % \'\? \‘*?}

i > : Nl N N
a4 (L (1 g N I
hold throw throw throw follow stay

O10000

3.3 0DUObOO0OooOoOOoboooooono

obobOoooooooobobooobo »00oo
00 H; 00000000000 w, 00 (1HOOOO
ocooooooooowaMMODDDODDDDDOO
0000 3)000000000ooo0oooooouo
goooogoo

4. 0OU

3.0000 oMM OOOO0OO0OO0O0O0O0O000000
gooobooooboobooooboboooogon

4.1 0O0O0O0O

O000000oooooooooooooooogg
014000000000000000000 (19x 3
O0)000000030000e6000000000O0O
O00000O000o0o0oO0oooDooogoooD 60
00000000 ADA?20000000000 1800
0000000000oooooooooo (3o0)0
0000 (300)00 6000000000000OO
0000000 300000/000000000 1426
gooooooDDooOO 480000000000D0O00O
dooobooooooooobooooobboooooao
godoooodooooobodgdooooogao
00000000000000000000d (stay),00
000000 (prep), 0000 (catch), 0000 (keep),
00000 (throw)DOOOOOOO (follow) O 600
agood

stay — prep — catch - keep - throw -
follow - stay
dooooooooboboood

HMMOOOOOOOO 300 left-to-right 00 0O
oo ooooooa
goooo

4.2 00O

ddooooooooooooooooboobobooon

Ooooooooooo
stay —» prep - catch - keep - throw -

follow — stay
ooooooboooboooobooooo wooooo
(0 3.30)000000 10000000 0UOOUOO

gbooboooboooboooboobooboooobooa
gbooooboooboooaoo
gobooooooooobooooooooboooobobogoo
gbooboooobooobobooooooboobobooooo
gbboooooooobooobooobooo 0000
0O (0330)000000U0oO0UooooooOooo
gbooboooooooboobooooooobog
gboooooooooogooboo

5. ggono
goboooboobooobooooboooobobogoo
gbooooooooobooobooooobooooo
gboooooooooobooobooboooooa
gboooooooboooboobooboobogn
gboooobooooboobooooobo
goboobooooooobooooooboooobobooo
gboooooooobbooooooboobobooooo
gooooooooooooooooooooooooa
gobobooooooooooooooooboooboooooon
ooooooooooOoO pCcACOOOOOOOOO
gobooooooboooobooooooobooooo
goooboHMMOOOO0ODODOOOO0ODOOOO0DOO0OO0
gbobooooooboooooobooobooooo
gbooooo
oo
gbooobooooooooooooboooooobogo
gooooobooooooobooooooooooooo
0obobooboo oooboooooo

goon

[1] OODO0ODO,0000,0000,“00000000000O0OO
goooooooooooooooooy,y oood, vol102,
1n0.519, pp.43-48, Dec. 20020

2] 00000,0000,0000,0000,00000000
0000000000000000000,”0000000 65
0 (00 150)000000000, pp.407-410 (2003.03)

3] ODOOO,0000,0000,000, “000000000
HMMOOOOOOOOOOOOOOoooooyy oooooo
0, vol.53, no.3, pp.192-200, March 19970

[4 DOOO,000,000,00000, 0000000000
0o0oooOooooooo HMM,” 0000, vol.100, no.522,
pp-49-54, Dec. 20000

400 90





