JAIST Repository
https://dspace.jaist.ac.jp/

Title goboooooooboooouooon

Author(s) oo, 00

Citation

Issue Date 1998-03

Type Thesis or Dissertation

Text version aut hor

URL http://hdl.handle.net/ 10109/ 8514
Rights

Description Supervisor: oo 04, ooooooo o0

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



O o o

b oooooooooobobobboonod

oooo OO og

goguboboobooogao
gogooob bgboogogo

oo o

1998 U 3 0

Copyright (© 1998 by Akihiro Kawabata



g g

goooboobogooboobobooboobbOoobbobooooooobobooO 300
gopooobboobobooooboobbooboobboboobboobbooooLDobLbOon
goboodbooobobooobboobobbooooboooobOoob oo ooo
gobooodobooobooobboobooobobobobooobbooboboobobboobboa
gopoogbbogobooobboobbobobooobboobbobooooboooobobooobooo
gooobobooobobooboobooboobbooboobboooboobboobboo
gopoobogobo2obooooboogbboboobbboobboobooboooobooon
gbobooooooboboobuobooboobobooboobDobobooboboooOoo
gobooobogoboobboooobooooooboooboooobooobobooooo
goboooobbooobboobboooooooboooboobbooobooooooboo
gooooobooobbooobooobboboboooobooobboobboobboobbo
goooboobbooobooobbboooobooobboooboooboobobooboDooboo
ool HoUUObUoouoboouoobobooboooboooboobobooobboboo
gobooobboooboobboboobobooobboobobOooobooboooboooboo
gobooobbooboobooobbbooooboobooooboobbooobboboooboobbO
ddogobboboiobiodd Heouubooooooooaooo
gobooooobooboobooobbooobboobbbooobboooobobboooo
goboobboooboooboobboobobooobooooooobboobOooboboo
goodboboodoooooobboooboobosgbboooboobooobDobobooooo
10000000000b00bbobbo0b0odb0dbio0 Heo Db oouonooooboyg
dddodooooboooooobb o000 bbbobOo0o00obDOD 00000 oD He
goooogoooobobooobooobooboboobbbooboouobbooobooooo
Ubodbbod H,OOOOOobbooboooooouobsboouooooboooooboooo
gobobbogoooobooooobooooobobooooboboooooobooobooooobog
00000 oooobobooobo0o0obooobboobOoo0o0bo0bbD He,Oboooo
gooooog
goboooboboobbbooobbooobooooboogooDooobooobobooooo
goboooboobbbobb HObhobhboooboobbooboooooobooboo



1 0Od
1.1 DO000000D0ODOnOOg oo s
1.2 0000000000 o000
1.3 00000000 .0 e
L4 OO o e

21 ODO0OOO0OO0O0O0 oo e
211 ODOO0OO0OO0O0O0OO00O0O0O0O0O ..o oo oo
22 00000000 .00
221 UO00DO0OODOO0ODO H ,UOOO « o oo oo oo s oL
222 U0 HLUOOUOOODO ..o oo
/0% S I I I P

3 guguoooubouboboogo
3.1 20000000000000 ... 0 o o
R 2 O I I I
3.1.2 UU00O0O0O0OO0O0O0O0O0O0 © oo oo
3.1.3 2000000000 .o o
3.2 JUuoubouobobobobooouoooooboon v oo oL
3.2.1 O0OOOO oo
3.22 UOUOOUOUOODOOOOOO ... oo oo
323 UUOOUOUOOOOOODOOO ..o

o O = =



3.3 00

4 30000 ooonooon
41 U00O0O0O0OO0OO300000OoOng oo oo

4.1.1
4.1.2
4.1.3
4.1.4
4.1.5
4.1.6
4.1.7
4.1.8

5 I 1 P
N 1
I O
gobgboboooobobobooooooog oo
N
N L
N 1
0

42 00000030000 0000O0 .0 oo

4.2.1
4.2.2
4.2.3
4.2.4
43 00

5 U0

g

good

I I
I 0 I
I 1
I O

gogoooogbgo

i

47
47
47
48
49
52
54
54
35
39
64
64
67
69
69
73

75

79

81

85



] 1 [

U

1.1 dJogoooboboboboood

oooooobobboboooooooobbobooooooooboboobooooo
gbobbobooggooobboogdoaboobboooboddboggooobaoooon
odoodoooooobobobdoboobbooogoooobnbtO”look-then-move” U
gobooboboooooooobobobobbboooooooobooobbboddO”look-
and-move” JOOOOOODODO [1)0

gboodboddsougdunidooduoooaboauodaoooooooooood
gbhbooddodgabobbobooooauoooboooooogoooooodoagaan
0000000000 2)Booocbooo0oooboo0ooooooooo0o00oo
OO000000000D000000000({@OOb0)00o0o0oO0DObO000000o0OO0
ooogoobobobobobooooooobbooooooooobobooboboooogoo
ood

00 (0 1.1)0OO0O0Oooo0o0o0000000000000000000000 (A)(C)
O00000000D00O0D000 (Position-Based Visual Servoing) 0000000000
gooobooboobobobooboooooboboooboooo2bbbbobbo0oogy
O00oo00O00ooOb0oo000ooo0oooO0000O00 4oobooooooooo
Doudooobogbobobogooddaoosgoouodooooogooodaooan



U111 dubodbddodgoogodgood

000000000 (000000

00o0o0oo 00o0oQ
000o0o0o 0 1.1-(A) 0 1.1-(B)
0ooo0o0oo 0 1.1-(C) 0 1.1-(D)

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000
D00000000000000000000000000000000000000
00 (500000000000 (BYD)ODOOO0OO00000000000 (Image-Based
Visual Servoing) 0 J000000000000000000000000 (B)OOOO
0000(D)0000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000 (000000
000000000000000000000000000000000000000
D000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000
000000000000000000000000000000000000000
0000000000 300000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000(A)(B)
0 (C)D)000000000000000000000000000000000000
D000000000000000000000000000000000000000
0000000000000000000000000000000000000000
D00000000000(AYB)00O00O00O0000000000000ON00000
00000000000000000000000000000000000000000



(C)D)0O0D0000000000000000000000000000000000

9000000000000000000000000000000000000000
00000000000 ((7000000000000000 [8)[9)[10)[11]0000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000 [12]0

| F R EEE LD £3 TR - SRR T e
S W TN i BT TEA S
' T
+ - =F 1
—= Jb0 -3 -L-T{‘“-—- STl I:wm]
[= T O—3
L |
B ‘
— ynnremp— e F— . ——
il "4 ]
(A) (B)
FAR B E £ D T
BEGE DERTTOMMAS g iy

ARCEE | i
?_ TorbE -2 : 1 " '| TetO-% [
‘

T
— | sheromp—| HMRBE L S E
~ R (B | BE

U 11 00bbogbgboboboooboboo



1.2 0OJO0booooooon

000000000000000000000000000000000000000
000000000000000000000000000 (140000 (1500000
0000000000000000000000000000000000000000
D00000000000000 (17(18)0000000000000 (16000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0oo

0000000000000000000 1.2000000000000000%,000
00000000000000S.000000000000000000000000
00000000000000000000000000%.0000000000%,0
3000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000(19/000
000000
000000030000000000000000000000000 2000000
0000000100000 300000000000 22)/0000000000000
0000000000000000000 [23)[24][25)]00000000000000 00
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000 2627 0000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000

00 H,0000000000000000 K, 00000000000 [28/0000
0000000000000000000000000000000000000000
D000000000000000000000N,0000 [30)00H,0000000



U 12 0000000000000000b00b00o0000000b

gobbodubugobbogbboobboobbobdgobbooooobonbooon
gobododooboboobooobobooboobboobbooboobbooobbbn
O0O0O0 @BooooobooooooooboboooooooboooboobooobOoDo
gooogoubogoobobboooboobbobobboobbooboubobbn
0000000 [(32]000000000000DO0000000ODODO00000oooooDo
3300000000000 0000bO000DooooooDoooooooooooDooo
googoooboobobooooooboboboboboobbboboboboon
goooooboooboboboboboboo
goguobooboobobgogoobobobbbdgobobob3sbogbogoooog



gogogbbogbgbogouobgbooboogobooboboobogbooo sbgoao
gdobbodguuobobooouogubibbd R uuoboobouoooboboooo
googbbdboguooboobotbboboboboboboobbogboonbod

1.3 Obooooon

goduoggboooobogobobobobobooboboboboboobg
gobogouogobotbbooooooobodgbodgbogoo
gooboboogoogoagboubgboobbgbbooboobooboobod
ool H bbb obooboboobooon
gogodubgbgbgbogoobbboboboboobuobuobouooooon
googbbgbbdbbodbodgoobodbodbodbbddbiiil He
guodbobotdbgbotobtb bbb gbobbooonoobobodgn
gogugogobodbodbdbdbuduooudboudbuboibidbiol He
gubdbudboobboubbubouboooububb Hea L oooooog
bbbl H.UUbOuuooooboobodlh Houubuouboubouobouoood
gobgbbgboboooboobgobobbbobbobooboobbd

gobdbugbogbooagbouboobogbbobooboobooboobod
gobodbuogooguooboboooonoonboooboouboonbounbouo
guobogobbobboooobbogubgobboobuboooobbooboobobo
goguooubbobgogboobobboobbbobobooobboboob 2000
gobgbogbobobgboboooobgoogboobbgboooooboubono
goodbouggoogbonbgubguoooboooboubbnoouboun
oo i1gboobouoobobnoouobobobbouboboon 2
gogooubogbgbgboobobobobobobouobobbboboboon
gobgbbtdbogbotbboobobboboobobobooboobooboun
gubbbgodoodoogbbobobbuobbboboubooubonbooooa
bbb ogugb bbb oouoboobboobuoboubono
gooubogbogbogbuogbuooboobobboboobuoouoobouuba
gbogbobboboogobbbobuobodgboboboooouobuoboboba
gboooobgbogbgbobboobobbobdoto boobobooboobooo



gugodobod2bgubogbgubouogbuoobbobogbuoob gba
goguoogbubgbdgbbdb 2b00b01gboooooooobobobobn
gboogouoboubooboobobboobboobgboobobboobouo
godbogodgbooudbguouogbobogoobobobogobouoobo
goodboognbboubogboubodboubod R bbb ognoogoy
gubdbugbobgbouobboogobogoboouboouboubouboooubouo
0000 HLOOD0OD000oouoobooounooboboboogooobooon
gobogbbobbggbobbgobobobobobodboobonbonboun
googbooggbogoooboubobb b R ubobugnogooggyo
gboodbugobooouoouoboon
gogupoubdgbubogogougbobgoouboobobobobogooooog
guobdgbugboobooboob oo ooobbobobbooboobabo
gbbgbooboobgobgbogbbobogbbobbboo sgboobbogd
gotbbogudbuogonbogbooguonbguoboboooboobgrbgubaao
oo oboubbboboonbouboonbouooun
goguooubgbobgboboobobobubobooouboboboboog
godbobobogbtdbbidild K UObODooouooobidibUUH 0000
goodgbuogboogbboboubobbobuobboboobogboooogo
googoogooooogd
godbogbgbobdbguoogboboooboboboboboboboboa
gbogbdgboboboobobbobubooboboboboobuobooboobooga
goobbbuogboogoboboobogboobbogbbgbouoooboobono
ibdUHdUbbobooooudouuogboggbboboboouuoogooogn
ggbobbobobbobbbdodbdld Hea,OhubbuobbUdd K ,0OOuooog
goddgbgboguooodubobobogooooobgbuoboooboooboban
gobogbogbogboobbooobbobbbobbgbooboooooooon
gubudbutgbouooubouboobogbboagooo
goodgbouodgbogbobobobnboubobboubooboobboobnoo
goodbugboguouboobobboobboboobooboobooboun
goggobbobobuobuoogoboboboooboubuobuoboboboon



goodbuogboogbouboobobobboobobooboobuooboouobouo
goguoububoouboubgbgbobobobobobib R Uubooono
gbogguoooooooboooobb

1.4 0O0O

gogooobogbgbdgod
gigdooobobboggubobooboboubobbogbbbboboobbn
gbodgbugbogooubogbgbodgbuogoogbagooada
g2bbbggubguuobugooounbobobbdonoboobooounooog
guobouobogbboboubgobouboubbdbbooboububioil DHs
gobdobuotgbogbouboobobbobbbbbobooboobbobboo
gobogboodbgoboubotubotobbiboobbobibbbb Heo OO
goodbgbdgbouobuogboggbogboubobogbuogbogboa
4o oobobubuoguboobbouboboonbouboobon
goguooodgod
gbogo3sgbobogbobbogbobbobobonbbobbobooboood
gboodgbuogboogboubogbobboobbobbobooboouoobooo
goododuo2dbggoor1boggo 20bogboogboogbooubouobooo
gobguooobbobgbdgboobuobobobobuobobobobobooooon
gboguopougdouobdgubobobobobobobooobibil HeU oo
gbogbbgoodgbodbonbonbobbobbobbobodbooboooog
googoogoodgd

40 0sgbugoguoogoobouboobguoooonbooboooog
gb2000bdbgbdgbgogo3sgbubgbobgoobogbobooobn
gooboboobbobgboboobooobouobobobobobobobobg
googuuuboogooubobubobbobbobbgbooooobooboaon
bbb gbooboobooboobooubounbouoga
goodbogoogboag sguboogoobboobbogbbogbuooboooouo
gogooobogbobbbdgboubobobobobouobooboboboobooon
gbgdgbogbbgubbtbdooobbobboobboubnbooboobozo



ool H UOouooubooboobobooooooooooooodd
gogdosggubogogooooogn



10



] 2 [

U

gbgbobuoboouodboboboooboobbouobuoboooobooan
gobbogbobogbgbogbgbobbooooooboobobooboboggb b
goboobboooboobooboobooboobu0 He uobboobooooo
gboodbugubguboubouboubouboubuodbd Heo oo g
godobooguooubooboboboooooobuobobobooa

2.1 O0O0O0OUooooon
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200000000000000000000¢,00000000%00000000
00000000000000000000 [32][34]0

a1 = a, (g000) (2.2)
yk+1 = Ca?k (23)

0000z, € RROODO0O000000000000O0y, € ROOOOODODOOOO
O000w, € O00000000Oq, € ROODODODDODO0DO0O0O0DOO0DODOO0O0O0O
A=1 € 2 B=T1 ¢ R E=T,1 ¢ R C er%W“DDDnDD

S
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000000000000« —0000000w, DOODO

000000
000000000000000003000000000000000000000
000 (0 21)0

+ 1
B or= (2-A) i X C

= E
0={zn 1%
I STEP 2 g Y%
s e X STEPL
{_ K = R Estimator

4, steps

U211 dbdgboogodad

STEP1: 000000000000000000000000000000000
(00DO0oOoon)
00000000000

U = KCB}C—F’LL% (2.4)

000000 (A+BK)OOUOOOOOoooooooooopooooo
O00000000O0K € RROOOOOO
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STEP 2: 0000000000000000000000000O0O0O0O0O0000
0o
(00000000000)
0 (21)00 (24)000000

1 = (A+ BK)xy + Bug, + Egq, (2.5)
googsSTEp 1000000000 DO00OO00O0OooOnDnO
O000O0Og, 0000000000 DODODOODOOOOOOoOOogg
Uz = —Qqy (2.6)

oobbd B=FE=TJ000Bux+FEq,=000000000000
ggon

STEP 3: 0D0O0O0000000O0000O00O0OO0OOOOOOOOOOOO000
0000000000
(000000000)
000000000000000000 (2.1),(22)000

Lr+1
qii1
bbb bidUeUg 0000000000000 Uy, 000
Ub0b0dbobobbda, qUOOO00ooooboon

A FE
O I

B
O

Ty

qdx

gooogd

2.1.1 0O0ouoooooooogd

gbdboobuodbgnooguobbooboudb e, beg OO0 oonog
goguoguogbgbdogooboboboogboooobobobobooa

o LU UOODLDOODOODLODLOODLOLODLOODLOOO
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000000000000000000000000000000000000000
00000000000000000000000000000
000 (27)000 ww00000

LTep41 = A,z + Boup + vp (29)

Y, = Cpxg+ wy (2.10)

DDDDCm:[C(%]DDDDHBWEDDDDDDDWAMDDDDDDDDDD
Yyo.=Wly, C.=W™'Cc,0000

D00000000044,000000000 (2.11)(2.12)00 QO0OO00O00 (2.13) 0
Doooooooo

Q = APA" +H,H! (2.11)
P = Q'+cClc. (2.12)
ZTehrr = Ao+ Beug

HQ T+ CIC)TC (Yupi1 — Ce(Acker + Bowy)) (2.13)

B = O

oobooobotdbibble, w0 U0ODO00O0ODO0O0O0ODO0ODO0O0OOO0O0OO0OO
gboodgbugboogbogboubobbooboboooooboobooboun
gobgouuboogboouboubobboobbobbbboobuooboobouon
gboggudgbodbooggooboobbboubobobobooooboboooaob o
gogodubudd H uUUbbboboboboooooboboooboooon
ool He.UOooooooon
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2.2.1 UJO0OOO0oOO0O0oO0Obl He,OOood

gooogbogbbodbibidl Ho UUUOUOUO He L U oouoooogo
googboooooooon
gogoogoboooobodar,bobod

Y = Crap+ wy (2.15)

D000z, eR" 0000y, eR™ 00000w, e 000 (000000000000
vy €ERP, w, e R OD0002, e RO0000000000O000OA, By, Cr, L0
00000000000000000000#0000000000000A4,00000
0000000000000000000000T,000000 [k, k,)00000000
000000, vl < oo, Spty Jwi|? < oo DOODO
D00O0r,00000.,000000000000000000000

k1—1

J(é,’l),’w,.’ljo; k07k1) = Z ||Zk+l - 2k+1||2
k=kg
k1—1 k1—1

- Z || w]|” — Z [|wgi1|]? — el Nz, (2.17)
k:kO k:ko

0000ONOODOOOOOOO
0000000000000 [v,w,2) 0000 J(3,v,w, 20 ko, k1) < 00000000
0H, 0000000

k-1
Z |zhe1 — 2k+1||2
k=ko
ki—1 k1—1
Vi Wri1 Ty IN T
ookl + 0 [Jwiga | +2g N
k=ko k=ko

<1 (2.18)

goooogogd
oo Jsobobdodiod H U oobuooooobooobogoo

OO0 1 000000{y;k <:i<k}0000000O0ODODOOOO v,w,z)00O0OO
J<oOUooooodbz, kLk<k<kOUOOOOOOOOOODOODOOODOODO
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000000000000000000%0 H,00000000
001 00000000 (A)000O0
(A) 00000000000

M., = AX.A] + B,BY (2.19)
i = M +CCrp — L L (2.20)
Yy = N (2.21)

00000 [ke,k,] 00000, 0000k.0O [ke, k] DOOODOOOOOO
O0(A)000O0DOO00000000 [k, k)DOO000O0O0OO0DOT 0000 H,OOO
gobgbooogoguoboogbobgoooogoon

000000
Erp1 = T+ (M +ChiiCri) 'Chiy (ks — Crnr®s) (2.23)

M O00000000000000O00O0O0O0O0O

My, = AX.A] + BB} (2.25)
2@%1 - MIZL + C£+1Ck+l - Lg+1Lk+1 (2.26)
¥, = NO (2.27)

O000000000000ooD0ooooooooooD 3s)Obobo0oo0gooooo
00 H.UDOUOUOoobooboooobobooooooooboooo

2.2.2 U0 HOUOODOOOOO
U0 HeaUUUOOuoooooon

gogoogogbgbgooroooon

Tri1 = F(Tr) + go(Tr)Uar + go(Tr) Vi (2.28)
Y = h(z) +wy (2.29)
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U000z, e M O000y, e R UD000u,, e R-O0O0O KOO0 DOOOODOOO
O0v, e R, w, e RMO0002, e O000000O00DODODO0O0OO f(ar) € R, O
Oh(zp) e ™ OOO0O00O0O00OCOOCD0OC,0000000000000000L;,
OO0000OO0000bOOOo0obObobbDbOoObD kbooobDbbOO00bDOg,(xg) € R,
g(xp) e R0 0,0 00000000DODOOOO0O0O0O0O0O0O0O

kl kl
OD000T000000 [k, k0000000000000 [|okl]? < o0, 3 [Jws? <
k:ko k:ko
co 000D

O00O0rogooboobo0oo0boooobboobo0ogd f(es), h(e,)ODO k k-1
oodobodtdbezg, 2z, 0000000000 0OOOOOOODO

flxr) = f(@r) + Fr(or — k) + ... (2.31)
go(xr) = gu(&)+.. =Gar + .. (2.32)
g(zr) = gy(Tk)+ ... = Gup + ... (2.33)
h(zy) = h(®p_1)+ Hip(xp — 25-1) + ... (2.34)
gooo
b= @[
A

>

0
G, = Qa( k)
Gy, = gb(Ak)D

D000 000000000000000D0O000O0000000 kO000 O, 2,_1,

u,, 000000000 0000000rcoooogroooooooooog

Trr1 = Frxer + Gotar + e, + Grrvi (2.35)
Y, = Hix;, + wy, +€k (236)

OO0 ue, UUUDOOODOOODOOOOOOOONO
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& = h(Zr1) — Hpp (2.39)

O000roodbbozo0oboboo0O0o0obooooboobooog

k1—1

Jl(é7v7w7$0;k07kl) = Z |Zk41 — 2k+1||2
k=ko
k1—1 k-1

= > Mlwall* = D2 llwigal|* — 2 N o (2.40)

k:ko k:kO

ooooNOOODOOOOoOoboooobbJ'oobobobobooooooooobo

00 2 ODOOOroooooooobi100o0bboooboboooOogooogooor
OD00DO0O00D0O0{y;k<:<k}O00000O0O0O0OODODOO [v,w,zo)OODOO
J'<0oOOODOO0O0O0OOz, ke <k<kODOOOOOOODOODOOOOODODO
gobubgtudobobooobdbogbobobobuuboblid R Ubboonbon

U0 H UUOOUOOoooog

0010000000000 H,00000000000000000000000
00000

00 2 00000000 (B)0DO0OOO
(B)0OODO0OO0OOOO

My, = FiX.F] + GuGy, (2.41)
21;11 = MI;il

tHY Hip — LY, L (2.42)

Y, = N (2.43)

00000 [ke,k,) DCOO0O00X0000
O0(B)UO00DDOO00DDOO [k, k] OO0 OO0OOO0TDODOO He,OOO
godguoobodgbodbogbogbaubogon

5, = Ligr hko<k<h (2.44)
000,00
Br = &+ (Mg + Hi Hi) " Hi,y
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(Yer1 — h(&g) + Hip1@ — Hy1&s)
T, = GopUar + f(2) (2.45)

dbibmM UUboogoouooooogoogood

M., = F.X.Ff+GuGE (2.46)
S = Myl o+ Hy Hy — Ly L

0

(CoOODOODOOroooobboooooooooooo

A — Fy, By, — G,
up — G, + U

Cy, «— Hy, y,<—y,—&

Gu, .00 0 (00000000000 w,0 0000000« D O00000O00O0OO
OOoDOoO00ooo0oooobD H,OOobOoOooo (A boobooo((B)uoboooboo
OO00000000000bO00CDODOO0OOb00ObbO0OOg (244)(247)00D0O0ODOO

Yer1 — Ypn — €k+1
= Y1 — (k) + Hia&s
Zry — Fipp+ Gopar + Uck
= Fi& + Gapuar + f(2) — Fry

= Guta + f(2r)

(QE.D.)

00000000000000000 v, w, 2] 0000 J(2, v, w,z0; ko, ki) < 0000
000000000000 . 0000000000000000000000000
00 X, 0000000000M00000000 X, 00000000000r00000
D00 X.,000000000000000000000000000000020000
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00000000000 DO00DOobObODOOo0bbODbObObOOobOOOoDog (2.38), (2.39)
goboodgobboligogoooouogobgbobboooobobobboooboon
gobogboobbtgbotoboubobbooboobbobooboobooboun
gboogbuogoagbdodzbguoouboouogbobobogbodgd
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A:Ig, B:T3I3
_E:CFSI37 H:Ig

googbuggugouogboogobogbboobboobnbonbooboywboon
gogoouooooogoood

T2 . T2 .
Rt = 2 P(€) < |75 Poa (4.2)
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pr = [$T7yT]T
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X
%(a:l + z,) T, fg
swtw) [T v | = fz (4.3)
T — T, T4 u
Z
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0000 000000000000
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b : camera distance
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50



T

b= |2 @

0000000 6,0p,0.,0,, 00O O0O00O0O0OO0O0O0O0O0O

<
+

o

S~—

(
Y1 = sy
(
(

(4.4)

0000 3)00000b00ooboooobooooboboooooooooboobbo
ERERN

gooooo Pref = [Xrefay;‘ef)Zref]T

googbogboogbboboobobboobbgo
good

00000000 4.3)0000000

5= 1 x_s (4.5)
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OO000b0DOO0oDOOoooOboOo0ooboboooooboboooboDbbogoooo (o
gooooooooo)o
STEP 100000000000
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Ugp, = —qp (4.11)
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Ypo = Cpp®pr + Wor (4.16)
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4.2.1 0O0OO 30000000
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o1 gugooobgbdbouoggbooobbouoboboobobouon

ao 2 guubbbdbobgggbuogboobouobooononboonog
gbogbgobouboogbboubooboouboobooobobod
ggoogooad

a3 gbogb2u0dogbogggboobogouogoobouobonoonog
gbousgbgogoouboobobooooobobobbbaz20bad
gobotbbotoboooobboobogbodon

000000000000000o 200000:P=[X,Y,Z"YODUOOOOOOOO
guudgbogboggboboobogbbooobuooooboobuoobboboon
goguooubogbgbuobgbooboboboboboubougboboooon
googoodd

U, = Kiﬁk + B_I(Tk+1 - A’I’k) - Qk (423)
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00000
0000000000000000000P,=[XY Z]T(m=1,2)00000000

googoogd

%szziax—ﬂﬂm:1g) (4.24)
%nl Tyy — Tor(m = 1,2) (4.25)
izn Trz — Tez(m =1,2) (4.26)
000000000000000000d,:=1/2,=1/200000
a(ifdlz = TIrz —TezU (4.27)
0 (427)0000 g4 =(-1/d})gd, 000000000
(4.28)

d ,
adz = _d2ZTTZ+dZZTcZ

OO000oooooooooobDoboobbo0,00000 kTs(k=0,1,2,..) 00000
O,0000000000040000000000 Po(m=1,2)0000 P,=[XY Z]

D000 (4.24)(4.25)(428) 0 0000000000000

Xpr1 = Xp +TTrxr — T oxr + vxi (4.29)
Yk+1 = Yk + TsTTYk — TSTCyk + Vyk (4.30)
dyrer = dgr — TedpyTrgn + Todg Togk + Vaze (4.31)
U000 vxe, vyr, v 000000 OOOOOOO0O
dooddddodooooonooooooggoog
(4.32)

Q1 = G +Tsvg

000000000 g = [Trxk Trye Trze) ' 00 000000000000 vg = [vgxk Vgvk vgze)”

00000 (4.29)(4.30)(4.31)(4.32) 0 0000000000000

Epi1 = F(&r) + 9.(&)ur + gyvr (4.33)
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X + T Trxr Xgk -
Yi + TI7ys Yor
fley = | BT e |
Trx Trxk
Try Trye
Trzy | | Trzk |
[ -7, 0 0 | [ Uxgr |
0 =T 0 Vy gk
gie) = | 00 T g |
0 0 0 Vexth
0 0 0 Vavi
0 0 0 | | Vgzk |
I; O;

U = Tck7 gy =

googo

O000000O0D0O000000DO0O00 kTs00000000O0O00OCPu1(m=1,2)
0000000p,,, =[zm v-)70000000000000000O

ikade

P = hm(ék) = s};
- mdek
Sy

0000000000000000000000000000 Poyes = [Xmrefs Yoress Zmref]Ts
(m=1,2)0000000000000000p,,; = [Tk ye]” (m=1,2) 00000
00000000

Tik + Tok

= = = 4.34

u (431

y = ylk‘;y% (4.35)
1,1 —

d[k — [ ) ](plk p2k) (436)

[1,1,0](P1res — Parey)
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Yp = h(&)+ws (4.37)
ooon
Tk ; Xrdzp Wyak
Y = Yk | » h(¢) = B Yidze |+ Wk = | Woyk
dg dzk Wdzk

w0000 o0ooooooooboon

4.2.2 U0 H ,UUOODOOOO

0 (4.33)(4.37) 000000w, w,0000 100000000000

Voxk
Voy'k
Wogak
VodZk
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VoTzk
Wodzk
VoTyk
| VoTzk |
ooo0oooooooogo
VUV = V’ng
we = W’LUOk

gooov, willdbuduoudoboooogooooodd

V = diag(VX, VY; VdZ:quaV:]yaqu)
W = diag(W,, W,,W:)O

goguooobogbobuboooobobobon

Eri1 = T(&) +9.(&)ur + Gp(€s)vor (4.38)
U = h(&)+wo (4.39)
zr = Li&, (4.40)
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oh(£,) f lova O
Hk = 8£k ) :g 0 dAZk_l
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O00000000000000000X, YidzToxeToxeToze 00000000

(4.23)0000%z0¢, n000DODO

Xk Toxi
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