200300 O O O 0O

Jooboooogbotdogood
Jubgtdbootdbotdgtbtotdbootbotdd

gooboooooboood

O00000 sbCGUUOUODDOOonDooooogon
Uogdd ooro62
oodg



200300 g o o 0O o 0O

oood
Jooooobugoooon
oooobbooooobbbooooobob

HHubHy - gogooo - gobobogogn
goog : ookP062 | O ERN

gobboogobbboooobbboooooon
gobbbuoooobbbuoooobn

goooo

gbbobuoobubobuoodobooobooboboobboobbooboboo
goboobbooboobooobuooboboooobbobooboobboboo
gbobogbbuooobodobooobbuooobboobbooobuoobbooboo
gboboobuogbooobooboobbooboobobooboobobooboo
gbgbbooboobobboobbuoobbuoobobuoobbooboboobboo
gobbooobbboooobbooobobobuooobobobuooobobbuoooboboba

gogdgggooobobobbbbobbbbbbboobootdououuuoooooooao
gooooobobobbobbobobobobbobboboboboboooooooouooooooog
gbobboobbooboobobuoobbuooboobobbooboboobooboo
gobboboooobbbooooobobboooboboboooon

gbbgodboobobuobooobuobbooboobbooobbooboo
gbbogbogobdobooboooboboobooboobbuoobbooboo
oo




10
1.1
1.2
1.3

20
2.1
2.2
2.3
2.4

03d
3.1
3.2
3.3
3.4

3.5

40
4.1
4.2

4.3

OOOD . o
I

gobobogaoboooggdon

OOOO . o e
UO0O0O0O00 . .. s
OOODOO .« e
I

gobooogggooooggnd

I
I 0
OO000000 .« 0o e e
I I P
3.4.1 00000000 . .« ..o o s
3.4.2 00000000 ... o oo
I
3.5.1 O0O0OD0O0O0Oogoooogggooog) . ... ..
3.50.2 0000000000 « .o

goboboooodgdn

OO e
OO0O00000 . . .00
421 OO0OO . ..o e
422 0000000 . .. 0 o oo .
423 00000000000 ... oo oo
424 O00O00. © oo oo e
425 0000000 . ..o e
DO0O0000000000. .« ... oo o
43.1 100000000000 .« ..o



4.4

4.3.2

obgoogbooooodn

433 0000000000007, ... o ... 20
434 000000000000000000000. .. ...... 21
435 00000000000 0O00O00O00O00O00% .. .. ...... 22
43.6 0O00000000000O0000O00O00O0O .. ........ 22
437 000000000000, ... 0 ... 23
P 24
EEN 26
goon 27

II



3.1
3.2
3.3
3.4
3.5
3.6

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15

I I 9
UO00000000 .00 11
I 0 11
OOO0O0O 1. .o e 12
OOO0O0 2. ..o e 12
I P 13
I 15
I P 15
I P 16
OOODO . oo e 16
000000000 .o 17
1000000000070 ..o oo 19
I I P 20
I 21
I 21
I 0 22
goooogggoooogagooog) oo oo 22
I 23
I 0 23
I 0 24
goobogggoooogggoooogd:2. ..o ... 24

I1I



10

HREENEN

1.1 OO

godgbbb3sgoooobobbbuuuoooooobboboooggo
OO0000O0bOobOOoOooooOob sbcGOOoOoOobDOobOooboooDoDbOoDO
goggbbbbuooooooobbobbbuooooooobbobbougo
gbbodgboo3gbboobouogbboobogbbuooboonobuoobobo
gogobobbbbbuooooobbobbbuooooooobbobobboagd
gobbobuogooboboooobobuoooooboo

gbogbdboubogbuubobboboboobuooboobboobbo
gogogobobbooobobbbotbodudooouobbbboooooooooa
gbobobobgoooobo ccoouob ccuouoooboooooooooon
oo cGUbOUoboOooUbooboOobU0bUobUObUObDOobUobOobDOobDOoboOoo
gogobobbbudoooooobbbobbbouooooooobbobbougo
gbooggbobobuoooobood

1.2 0O0O0O0O

000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
000000 [ B @o00000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000



0000000 56 [000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000 0000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000

nooooo [ (9 [10] [11) [12] 3] [400000000000000000
000000000000000000000000000000000000
000000000 000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000D00000000000000000000

1.3 000000

gogobbbbboudooooobobbbbbodoooooobbbbboado
goobobbobbouooooobobbobbooooogobbobbboogd
gogobbbbbbuoooooobbbbbooooooobbobobbboago
goggoobbbobbbbobboooooooooobobboobobbbbbood
gogobbbbodoooooobbbbbbouooooooobbobbboadao
gobboobuogobbobooooboo



1 20

Jogbobobboboobobbooddd

2.1 O0O0O0O

Ub0b000xyz000000000000D0DO0ODODOOOODOOODODOO
gboboobgoboboobobobooboboboobobooobooon
gboobgoboobon

22 0OOO0OOOOO

OOopbDO00OoO0oOO0bOo0obOobOAtOOO0DOoOobOoDOobOoMOOODO
O0000+tWA(DDD+t000000000000F,¢) 000000000
ggbboobuoobbbooogn

MA(t) =) Fi(t) (2.1)

goon
Xt)DoDooooooooov@)ooooooooooooooooooooo
gogoobooodon

A(t) = (2.2)
vit) = 2 (2.3)

gaon
O0000DOO0000ooo0oOoooooD AtOboooooooobboooo
gogbbobooodaboo



V(t+ Af) = V(1) + A(A)AL = V(1) + 2= Z’“(’f) At

X(t+ At) = X(t) + V(¢ + At At
SR () At

= X(t) + (V(t) + T) (25)

00000000000At0000000O0O0O00000000000000
OO0 F,()At0000000

23 0O0O0OOO

00¢t00000000000000000 ¢o(t)DO0O0DD0 w(t)DODODOODOO
O0/000000000NOOOO00D00000DODO000Y00O0F()O
gogbbobuooobbboooobobuooooboboooon

N =r x F(t) (2.6)

gogob
gogbbobuoooobbbooooobbbooobbbooooooboboood

&0 oy (2.7)

dt
do(t)

wit) = == (2.8)

go0odooOOooOo0oO0ooOobobOoboo0U00obOOoUOoAtooboboobooOogo
gogbobboooooboboooon

w(t + At) = w(t) + %At (2.9)
ot +A) = o(t) +w(t + At)At (2.10)
— B(t) + (w(t) + %Atmt (2.11)

O0000O0bO0b0o AtboooobooboDobooboboboooboo



24 0O0O0O0O0OO

gboboobobUbaapbO0b0Ob0ODbODbODODbDODObDOODbObObDO
gboooobodb 0000 MO0DO0DD0O00 V00000000 V0
00000l d w, 000000000 weu,OOoooobg ,0b0b0on
gobooooooooobr,0000bObPOODO MOODODOODOO VOO
O00000 VL ODOOoooooD wn 000000000 w0 OOooboon
oo p,gbgobobboobooboobobrp000booboboobon
ggbobuoooobboooooobooo

gboobgoobobbooboobuoonbobbobooboobooobo
L,O0oooOnhonLobooboooooooooog

1 1 1 1

Ty = Mo Vai " + S My Vi [* + S Lawa] + 5 T (2.12)
1 1 1 1

T2 - §Ma|va2’2 + 5-]\4b|\/-b2|2 + ilawag + ilbwbg <213)

gobboboooobbboooobboobboboooon

1 1 1 1
QMa‘Val|2 + §Mb\Vb1\2 + §[awa% + §Ibwa

1 1 1 1
= §Ma|Va2|2 + §Mb|Vb2|2 + §Iawa% + §Ibwb§ (2.15)

goooboooooooywooooooo LooobabOboboOo F,O0bDO
ooFrO00POPOFOFO0O00000000000O0O0O0OOCOCOOOO
ggbboobuooobbbooogn

P/ - / ()i (2.16)

t1

P, = /t2 F(t)pdt (2.17)

t1

gogono
gboobooobobbobooboobd

MQVQQ - MaVal - P; (218)
Mbe2 - Mbel - Pg (219)

goon



gbooboobgon

P, =P,/ (2.20)

goon
gooobooodon

_[awaz — Iawal = |I'a X P/ | (221)
]bwbg — ]bwbl = |I‘b X Pb| (222)

0000
0 (2.18)0 (2.19) 00

Vo = Vi + — (2.23)

0 (221)0 (2.22) 0 O

(2.24)

0 (2.23)0(224)00 (213)00000

1 1 1 1
T2 = §Ma | Va2’2 + §Mb | \/b2’2 + _Iawag + éjbwbg

2

1 P |° 1 P |* 1 r, x P2 r, X P/ |2
= §Ma Vai + i +2Mb Vi — Mb +§]a(wal+%)+21 (ws %)
1 L / ., [PLf® :
= 2(M@|V@1| + 0 + 2V - FL 4+ My Vi |* + 2Vy, - P,
a b
o X P2 ry, X P’
+ Twes + % + 2wap |ta X Pl + Lywy: + | b 7 o — 2wy |y X PL))
a b
(2.25)
ogooo



b nyoboood

[Pl [Pl

1
é(Ma|Va1|2 + 2Va1 P/ + Mb|Vb1|2 - 2Vb1 P/
a b
r, x P’ |? r, X F,
+ Lowa; + % + 2wa1|rq X Pp| + Ly} + ’bI—bb’ — 2wy |1y, X P|)
1 2 2 2 2
= (Ma|Va1| + Mb|Vb1| + ]awal + [bwbl) (226)

2

1

(M M, )‘P ?+2(Vay - P, = Vi - P)
1 1
(7 + Tl x Pyl + 2(wanfra x Po| — wifry x PL[) =0 (2.27)
a b

gbgobgobobbobnbbOO0obO0OO0ObLOO0ODO0

P/
n=rpr (2.28)
= [P/|n (2.29)

0000000000000000000000000O0n00000000
00000000000000
022900 (22700000

1

(5 37 IPA + 201 0 = viy n)[
1
+ <]_ 7 —)|ra X nHP > 4 2(wa1|re X 0| — wyy |1y, x 0|)|Pyg|
a b
1 r, xn| |r, X n| 5
P
(M' Mb .t 1 )P
+2(Va -0 — Vi -+ weq [T X 0| — wy|rp X n|)|PL| (2.30)
P #000

|P | _ (Vbl N — Vg n+wb1|rb X Il| _Wa1|ra X Il|)

2.31)
1 1 |re Xn| |re xn] (
P T P
oottt oooooooooooooboboooobb
gooooooooooooo



1 3 0

Jooooboobobboood

3.1 0000

gboooboobbobobuoobboobooboobboobuoobbo
gboobooboobooboobo

gboobbooboobbobboobooobooboooboobbo
gbooooooboon

3.2 OOOOOO0OO0O

gogobbobbbodoogooobbobbodoooooboboobboogod
gogobbbbbbudooooobobbbbbooooooobbobobbbouago
gogobbobobbodgooouobbobbougouooobobobbboogd
goggobbbboooogobbbbbbouooooooobobobobbbougd
gogobobbobbbouodooooobobbouodouoooobobboboogd
ggbbbuoobbboooobbobuoobobboooon

3.3 Uuuugoggd

gogobobbobbuodoooogobbobbodooooobobboogd
gboboooboobbuoobbooboboobobbooboboobbuooboon
gbooboobboobobuodgboobboboboobuooboobbon3g
gbogobooboobbooboobbooboobboobuoobbon
gogobobbbbbboooooooobbbooobboobbbbooagd
gogoobobobobobtbodoooooobobobboooooooobobboboooa
gg3bbobooognon



gboobobooboobbooboobbooboobbooboobbo
googooobooooboobboooboooboobboobooboobbooon
gboobobooboobbuooboobbooboobbooboobbon
goooood

(R

RilfE
B

| A | B

al a2 b1

U3.1:00b000b000bo0on

031000 A D0BOODOCODODODOOOODODUODDaOa 00D AOD
gobooooboooooobddp 0 b0 BOODOOODODOODOODOODOO
000000 AQ00ODODOOD BOOOOODObDOo cCcoooooboooboog

ggobbbbbouoooooobobbbbboooooobbbbboadao
gboboggboodgbbuooboboogboobboboodobbuooboboo
gogbbbuoogbobbodoo bbooobobbbooobbboooob

U

34 U0OOUOOOOOOOOOO

3.4.1 U0OOOOOooo

gogobbbobbodoooooobbbobboooooobbbbboogo
goobobbbbouoogoooobbobobbbuoooooobobboboogd
ggbbobuooobbbuoooobbod

100gbobdugl1bggbogoboooboobobbuoobbogboo
gogobbbbbouooooobbbbbuooooooobbobbbouagd



gboobobooboobbooboobboooboobbooboobobon
goooboobobboboboobooboobooboon

3.4.2 U0O0OOOOOO

0D0000000000000000000000000000000000
D00000000000000000000000000000000000
0oooon

00000000000000 Py,Py,....P,000P; = (z1,4) 00 0 D%max, Tmin
000000000000

Tmax = Max(xy, Ta, ..., Tp)

Tmin = Min(zy, Ta, ..., Tp)

000000000 cO00Bc=(cy¢,) 00000000

Tmin<C:<Tmax U U UOOO0OO0O0O0O0O0D0OO0O0OO0O0OOO0O0DOOOOOO0
gobboood

e <rmin JUOOOO0D0D0O0000DOO0O000ODOO0O000O0OOO00nbnOn
gogbbboodd sy g

c: > Tmax U OO0 O0O0000O000DO0O0OO00O0O0O00O00O0O00DO0O0nDDn
UobDibDo0o000dl zmax 0O OU

gogobbbbbbodoooooobbbbbooooooobobbbobodao
ggbbobuogoobbboooobbbooaooon

gbboodobboodboobbbooobbos20d8.300ba0bs.200
330 cO0O0000ODOODO0O00O0O0aObOOO ADODOOODDOOOOOODODO
O0ooooBd2000 A00D2000000000C0CDODOOOODOOOO
ggboos3nibu200doobuogoobbboooonbboogod

10



kil {4 A

Ce
il {4
Ce
s &

g32.0000000a0n

33 ggpoooooad

3.5 UOOOOoOoooond

gbooobooboobbooboobbooboobbooboobbo
googoooodg

3.5.1 UUOUouoooobobuogoooobood

gbobbuoodgbbbooobbooobbbuoogs20booaobbon
gbogbboobobboobbobbobbobobooboboboboobobobbo
gogobbbbbbuooooobbbbbouooooobbobbboago
goobbobobbouoooooobobobboouooooobboboobbood
ob0ob0oboboob 22000 e, 0D00000000DO0DO0ODO 20000 0,0
ggbobobod 2000 ¢,0000

goboogd

(bx - Cx)(aac - Cz) > 0 (31)

gobbbogobbobuooooboboogd

11



0000000000000 B400B500000B400B350000000 A
O0000000BOOOO0O0D0000a000AODDODODOObOODADDD
BOOOODOOOOcOOD ADODDOODOODOOODOOOOOOa0 2000 a,0
b0 2000 b,0c0 2000 ¢, 0000003400850 00(by—cp)(az—cz) >0
0000000000000000000000000

s
b & Al kA A

ea @&
il (4B

Rtk b

C

034000001
g3s:ggbon2

3.5.2 UO0O0OOO0OOOOO

gogobobobbodoooooobbobobbodooooooboboobbood
gogobbbbbbouooooobobbbobbouoooobbobbougo
gobboobbuooobobbooobbooobbooobbsebbonbd
jJe0O00o0oOoooobOAOOOO0ODOO BOODODOOOOODODOOODO
ERERE

12



Al{4B

BR

g3e6:dbboogobobon

13



1 4 U

Jooobobobbon

4.1 OO

gbogobobooboobboobuoobbooboobbooboobbo
000000000000 FKTK [I5l0000ooDooon0 Cc++00000000
gogd

4.2 0O0OO0OOOO

gbobodgobbobobogbbogbuogboobboobboboboooo
gogobobbbbouogoooobbobbbuooooooboboboogd
gogbbbuooobbboooobbbuoooobo

4.2.1 0O0O0OO
ooooooooooooooon
e CPU:Pentium4 1.50Ghz
e JODOOH12MB

e OSO WindowsXP

4.2.2 0O00O0OO0OO0

gboobgoboobooboobobbobbobsobobbOoi1o0b0O
gboogobbooobdgilogobboboboobuogbobobboobod 410

14



000000000000 0000005000000000200000000
0ABODOOODOAOOODOOS00000 ALLA2,A3,A4A5000BOODOO0S5
O000O0BIB2B3B4B, 0000000000000 AI0DO000O00O0
0000000000000 00000000000000000000000
0000000000000 00000000000000000000000
0000000000

A5 B5

A4 B4

A3 B3 aclas
A2 B2 — K
Al B1

041:0000000

O420000000000000000000 A1I0BIOOOODOOODO
00000 A20B200000 A10 A20000000000D00D0O0OO

A5 BY Bl i
A4 B4

73
A3 B3
A2 B2
Al B1

42 00000000000000

g4d4s00ogoooodgbboobbuooobbobooobboonobon

15



gogd

A5 B5 _ aclis
A4 B4 K
A3 B3

A2 B2

Al B1

043 000000000000

4.2.3 0000000000

g4d44dbbodooooooobobobobbbooogobobbbod 200
gbogbooboboob444d00bobobooboboboobobobon
gogbobobooggboobooooooboobo

Rl
. - .
— B 8 8 | O
N N BEE N .
=EE m
o Y

044:0000

4.24 0000

gbooobooboobbooboooboobboobooboobobo
gboboobobobo4d4ilboobobooboobobooboboobooooo
gboboboobooboobligbobdoobogoeotbobobodsood
gbooooobooboobbooboobboobboobboobb4snd 41
gboobgobobbobbobooboobdimsbooOn

16



04.1:0000000000000000000

Hboun ) 20 50 80 100
goooo
goodog 709 | 2966 | 7415 | 11863 | 14818
0on 312 | 1251 | 3080 | 4830 | 6161
00 (ms)
16000
14000 //
12000 /
3 10000 /
i B000
m_
BO00 /
4000 / —_
00 [ -
D 2l 1 1 1 1 1
5 50 a0 100
{4

45 0000000000

17

w— T =2,
e




4.2.5 0O0O0OO0OOOO

gbbogoboodgbboobbuogobbobbuoobbooboboogobn
gogooobbobobbbbodoooooooobbooobbobobbbobooogd
ERERE

4.3 U0O0OOOOOOOOO

gogobobbobbodooooooboobbboooooobbobobobogad
gbbodbobogbooobu20obbodobbooboouobbodgbobo
gobogguogobbuogoboobooobbuoooboobbuoonoboo
ggobobbbbbuodoooobbbbbououoooobbobbboagad
goddbedoouooooobbbobbbououdooooooobobobood
gboboodgbbooobbeudbbbooobbuooobbuoobbuoobbon
gooobobiligoooobobbboobbboogoogobbobooougd
gogogobbbbbbbtbododuooobuooooooobbobobboogao
goon

4.3.1 10000000000

4doedogoobooobbuooobbobobuoboogbboobboo
goboobbogobobooboobbooobboobobooobboono
gogobobbbbobuodugoooobbbbboooooobbobbouagd
goooog

4deddbblogbooobboobbbodobboobboodobbon
gobooobbogoboobbuoooobboobbooobboonoboo
2030 0b00000b0b0b0obOobob40b0bO0ODODOOObOnO
ggboobrogobobooogbbobuoooobbbuoooobbbuoono
ggbbobusuguubbobuoogobbbuoogon

18



(3]
=]
~
oo

g46: 10000000000

4.3.2 0O0O0OO0OOOOOOOOOO

g4d4/oogoooodbbogbbuooouogoboooobboonoooo
gbobdobobobooboboobobobooboboboboobobon
gogobobbobobbbtbodudooooooooooobbobobboodagd
gbogobgobobbobobobooboobooboon

g4/dbbilgobboodboboobbuogbooonoboooboboo
gbobobobobobooobobobobooooooboboboboon
ggbbobuoooobobuoooob 20bb0ooobbbuoooobo3gn
200000000050 00002000000000007DO0O2000000
gbboggbudg2bouogbobodboonobuooboobobuoonobobo
gbooz2b0boboboboobo200b0b0b0ob0obobo1nnooon
gobbobooogbbobboooouilzbogogobobooooobbodod
gooboobooon

19



N\ \10\ T ——

9 11 12

47-00000000000D0

4.3.3 O0O0O0OOOOOODOOO

4o boogobbogoboboobobooobbbooobbooobba
gogbbbboouooooobbbbbuooooooobbobbboaod
gogooobbobobbbboddoooodooooooboboobbboooga
ggbbobuooobbbouooobobbboodoaboo

lggoduouooooddgdou 2000000y uuUa
gbo200000000020000000000000003040500000
gogobobbobbboogooobbobbboooooooobobobbbooad
goooo

20



RIf~

IN ON N O e

1 6

48 00000000000DO0O0DOOO0ODOO

4.3.4 UO0O0OO0OOOOOOOOOOOOOOODOOO

g49, 04100000000 00oobbbbouoooooboboogs
gbobobobobooboboobobobooboboboboobobon
gogobobbobobbbtbodudooooooooooobbobobboodagd
gbogbooboboooboboobobuobboobobobobo4donoon
ggbboboooobboobb4loboooobboooooobon

g49000b001goooboboboboboobgbobobobooabo
gobbobooggbobooobbbuoooobobb203b0000obooboad
gbgobobobobob4b00b20b00b0buoobobsbbobon
gogobobbobobboogoooobbbbboouooooobobbobogo
gbobodedbobobovyobobobobobobobobobooooo
subbuogobogoboobuogboobobbooboobooobooglz
gboobgobooboobobbo

Hm:/ /
MR

1 2 3 6 7

g 9 10 ¥ 12
049 00000000000

g4l UUU g
gbooboboodbbodgbbboodgbboobboo20bbuogooooobooo
gbobooboobodbosgbobuoobbooboooboonoboobobo
gbbbbuoobbodobbodbboogboobdedbbuoobbooboo

21



gboogod

Rl ¢4 \ \

.
1 B 2

..} .§ — | [
3 4 5 6
0410 000000000

4.3.5 U0OUOOOUOOOUOOObDOOOOOoOd

g4libgbogbobobobooboobbobobobobboobbobbong
gogogbbbboouoooobobbbbbuooooooobbobbbbuado
gogoobbobobbbtbddoooouoooooobbobbbooagd
ggbbbuoooobboooobobbboodoboboo

g4lljgjgdodlodddoddudooooodoooououuugo
gbodooooooooooooobbbbbbobbbbobobbbbobooooo
gogbobo3tggoobobouooobbb40000bbbooooobbbed
gbobobgobobgboooospooooobobobobobobooon
gobobobollioougogbbobbuogoobbobooooobb2b00d
gobboood

PN DA D
S A L SR

8

U411: 000000000000 b0b0bO000n

4.3.6 U0O00O0OOOOOLOOOODOOOOOOO

4120000000000 00obobbobbouoooobbbboodd
gggdoobobbbbbbbbouodoogooobbbobbbbboood
gogoobbbobbbbdooooooobobobboobbboodoooooogd
gogobobbbbbtodoooooobbbbouoooooobbbobboadao
goon

22



4120000010000 00000b000b0b0o0bbooobboo
gobooboboooboobooobooboobboo203booboobon
gbobgoood4b0000200000000000000200000000
goono

CRES

71,71 71 A

4

g412.00000000000000O0D0O0O0O

4.3.7 OU0UOOO0OooUooOoOn

g4130dpobooobboogooogobobbouooooobbobogd
gogobbbbbbouooodgbobbbbboooooobbb41400 41500
goooobbbobbbbtbododdooooooooooobbbboooagd
gogobobbbbbbotbooooobbbbbouooooooobbbobbbodoo
gogobobbobobbbtbddoooogoooooobbobbbooagd
ggbbbuoooobbboooobbbooodgbon

41300 l1gooooooobobooobboo20bbooobboooagd
gdbddooodoodoooobbboooobobobbbbbbobobbbadad
go20300b00bbugboboooobbo400bbuoonoboooboosog
gogoobbbbdobbbbbbbbdodooooooobbobbbbooaad
ggbobogguboougoobbodan

Al &
1 2 3

5 6 7

0413: 00000000000

440000 1go0oobobooobodoooooooboobbboooa
gbogboboobodgouobobbobbooboobobbuooboobbo
gogoobobbobood2g0oooobobobobbboooooooso400d
goobobbobbouoooooobobbbobboouoooobbobbboogo

23

=L



gbgoobogbosboobobbobooboobobbobbooboobon
suboobuoobuoobuoobobbobboboobon

Rl ¢k

I T TR W A

/7_ P -

8

0414 000000000000000D0O0O0DOO1

g4100bobl1oooboobbgoboobbooboooboobbo
goooobooooboobooodboooboooboobobooboon
gbgboobobgobboo20boboobobooboboo3sbobobon
gbobgobooobobobooooboboboobobobooboboboon
4000000b000boboooboboboobobsboboobobogb
goboooboobooobobooobobooobbebbooobbOoOon
gboggboboobbooboobboobooboboobbooboobbon
gologgobobuooooboboogod

Hllﬁs?l ) | L | I_ ‘- }-

1

| Y N

6 1 8 9 10

415 0000000000000000O0O0O00O0ODO:2

4.4 00O

gbobooo WebOOOOoooobooooboooobobooboooo
goggobbbbbboooooobobbbbouoooobobbobbouagod
gogbbobuogoobbooooboobuoooobbooooobboood

gbogbobboobodbuooboboobuoobobboboobaobo
gobogbuoggbbogbuoguboobbuooboogbbuognooboo

24



gboobobooboobboobuoobbooboobbooboobbo
goobobbobboooooobobbbbbouoooooobboboboogo
gbooboogo

gogoboboobbooooooobbobbouoooobbboobboogo
gboobgobobboboboobooboobo

25



L] [

gbobooobooobobooboobboobboobboooboobobo
gbobobobobobooouoobobobobobbobobooboooooo
jbccOooooooooooooboooboooboobooboooooboooD
gboobuooboobooboobobon

Y

26



1]

[10]

[11]

HRERERE

M.Moor and J.Wilhelms, ”Collision detection and response for cmputer ani-
mation,” Computer Graphics, 22:289-298, 1988.

M.McKenna and D.Zeltzer, " Dynamic Simulation of autonomous legged lo-
comotion”, Computar Graphics, 24:29-38, 1990.

D.Terzopoulos, J.C.Platt, A.H.Barr and K.Flesischer, ” Elastically deformable
models.” Computer Graphics, 21:205-214, 1987.

Platt,J.C and Barr, A.H, ” Constraint methods for flexible models,” Computer
Graphics, 22:279-288, 1988.

Brian Mirtich, ”Impulse-based Simulation of Rigid Bodies,” Symposium on
Interactive 3D Graphics, ACM Press, 1995.

Brian Mirtich, ”Impulse-based Dynamic Simulation of Rigid Body Systems,”
PhD thesis, University of California, Barkeley, December 1996.

Eran Guendelman, Robert Bridson, and Ronald Fedkiw, ”Nonconvex rigid
bodies with stacking,” Computer Graphics, 2003.

David Baraff, ” Analytical methods for dynamic simulation of non-penetrating
rigid bodies,” in Computar Graphics Proceedings, ACM SIGGRAPH, 1989,
vol.23, pp.223-232.

David Baraff, ” An introduction to physically based modelling: Rigid Body
Simulation,” SIGGRAPH’97 Course Notes, 1997.

David Baraff, "Isuues in Computing Contact Forces for Non-penetrating Rigid
Bodies,” Algorighmics, 10:292-352, 1993.

David Baraff, " Fast conotact force compuation for nonpenetrating rigid bod-
ies,” Computer Graphics, 28:23-34, 1994.

27



[12] David Baraff, " Interactive simulation of solid bodies”, IEEE Conputer Graph-
ics and Applications,15(7):63-75, 1995.

[13] David Baraff, ”Coping with friction for non-penetrating rigid body simula-
tion,” Computer Graphics, 25(4):31-40, 1991.

[14] David Baraff, ” Curved surfaces and coherence for non-penetrating rigid body
simulation,” Computer Graphics, 24:19-28, 1992.

[15] "FK Toolkit System,”
http://www.teu.ac.jp/media/ earth/FK/index.html.

28



