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Reconstruction of 3-D Models of Outdoor
Scenes Based on Estimating Extrinsic Camera

Parameters from Multiple Image Sequences”

Tomokazu Sato

Abstract

Three-dimensional (3-D) models of outdoor scenes can be widely used in a
number of fields such as object recognition, navigation, scenic simulation, and
mixed reality. Such 3-D models are often made manually with high costs, so that
automatic 3-D reconstruction has been widely investigated. In related works, a
dense 3-D model is generated by using a stereo method. However, such approaches
cannot use several hundred images together for dense depth estimation because it
is difficult to accurately calibrate a large number of cameras. This thesis proposes
a novel dense 3-D reconstruction method that first estimates extrinsic camera
parameters of a hand-held video camera, and then reconstructs a dense 3-D model
of a scene using an extended multi-baseline stereo technique. Chapter 1 gives a
perspective of the study in the area of 3-D reconstruction. Chapter 2 describes a
method for estimating extrinsic camera parameters of a hand-held video camera
by tracking markers and natural features. Then some experimental results of 3-D
reconstruction from real outdoor image sequences are demonstrated and evaluated
to show the feasibility of the proposed method. Chapter 3 describes a method for

dense depth estimation and integration of these dense data in a voxel space. The

* Doctor’s Thesis, Department of Information Systems, Graduate School of Information Sci-
ence, Nara Institute of Science and Technology, NAIST-IS-DT0161018, March 24, 2003.
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reconstructed 3-D models of real outdoor scenes are also demonstrated. Finally,

Chapter 4 summarizes the present study.

Keywords:

dynamic image analysis, camera parameter estimation, multi-baseline stereo, 3-D

reconstruction

v



0 O

1.

HEN
1.1

1.2
1.3

HEN
2.1
2.2

2.3
24

2.5

2.6
2.7

2.8

I
) 0 I I 0
1.1.2 00000000000 .00 oo oo
I
I P

goboboogbobobbooooobobooobooo
O
I I
221 0O0O0ODOOOOODOO .00
222 000DOOOOOODOOO .00 oo
UO0D000O00 .. e e e
OO0D00000 .. e e
241 HarrisOOOOOOOOOODOOODOOODOOODOOOO
OO0OD00O .0
242 00OO0ODOOOOOOOOOOOODOODO oo
goobbooooobbooooboboboooooboa
251 O0OO0ODOOOOODODOO .o oo
252 0O0O0ODOOOOODODOO ..o,
253 UO0OO0ODOOOODOO ...
254 0O0O0ODOOOOOOO ..o
8
I I
271 0O0O0O0O0OO0OOOOOOOOOOOOO(@EOY)
272 000000O0OOOOOOOOOOOOO(CO?2

DN =



282 UO0OODLOOOOOObOOOOOODOODO o000

29 OO oo

3. Doooboobooboboboboobobobboboboboboboooooooooa

gooo
3.1 OO oo
S 702/ I I I I I P
33 Uboboboooooboboooooon oo oo oo
3.3.1 O0O0D000O0O0O0 ..o oo
332 U0OO0OOOOOoOoobObOoOoOobbbooooboboboan
333 U0OO0ODOOOOO0O ..o oo
S 30 S I I I A
341 O0OO0ODOOOOOooObObOOoOoobooooag ...
342 0O0O0DOOOOOODOOOOO ©. .00,
B 78 S I I I I P
3.6 OOODOO o
36.1 O0O0O0OO0OODOOOODODOOOM@WMOL) « ... ... ..
362 0000O0O0ODOOOODOOOOOM@W®O2 ........
3.6.3 OO ..o o
3.7 OO
4. OO
4.1 000000 .00
4.2 00000 .o e
HEN
gooo
HEN

vi

62

93
93
94

98

99

112



A TsaiDODOOODOODODODOOOOODOOOODOOOODOO 112

A1 O0OOOOOOO0O0O0O ... e 112
A2 O0OO0OOOOOOODOODOOO0O « ..o 114
A3 TsaiOOODOODODODOOODOODODO .00, 115

B. GUIDOOOOODOODOODOODOO 116

Vil



O 0O O

S I 2
0 I I 1 P 3
21 0000000000 .00 15
22 000DOOOOOO0ODDOOOOO .o oo oo 17
23 U0O0ODOOOO0O0O .o o 19
24 000DOOOOODODOOO ..o oo 22
25 0O0O0OO0OO0O HarrsOOOOGOOOOODOOOOOOO ... .. .. 23
26 O0O0OD0OOO .o s 25
28 I I I O 30
98 0000 (ODO) « o oot 38
29 00000000 @0O) ..o 39
2.10 Match Move(OO) . . ... . oo o 40
211 0000000000000 @00O) .o oo oo 41
212 0000 (DOO) .« oo oo 43
213 00000000(@0O0O) . .« et 44
2.14 Match Move(OODO) . . .. .. .o oo oo 45
215 0000000000000 @0@0O0) ... 46
216 Jooobobobbobotoodoododooooooooboobo
O@O00000000) « . oot 49
21y jgooobobbbbootbodododooooooooooboo
000 (000000000) .. 50
28 JdgoobobobbbootoodododoooooooLobn
O@O00000000) « . oot 51
219 J0j0dobobbbbootbodododooooLooLobLO
000 (000000000) .. 52
220 0000000000 (@O) ..o e 56
221 0000000000 (@O) « ..o 56
222 0000000000(@O0O) « ..o e o7

viil



2.23
3.1
3.2
3.3
3.4
3.5
3.6
3.7

3.8

3.9

3.10
3.11
3.12
3.13
3.14

3.15
3.16
3.17
4.1
4.2
Al
B.1
B.2
B.3

0000000000 (@O0O) ... oo o7

00 (2,y)00000000000000000 . ... ... ... 60
000000000 © ..o 64
00000000000000 ..o 67
00 (z,y) 0000000 ;0000000000000 ... .. 69
0000 (OO) « o oo 74
0000000000000000000000000(@0).. 75
SSDOO0OOO0O00D0000000000000000000

0000000000 (O0) .« oo 76
SSDOO000000000000000000000 (00) ... 76
0000000000 (O0) « .o 77
00000000000 (00) ..o 78
0000 (OO0) .« o oo 83
0000000000000000000000000(@O0). 84
000000 (@O0) - o0 oo 85
SSDOO0OOO0O00D0000000000000000000

0000000000 (@00) ..o 86
SSDOO000000000000000000000 (000).. 86
0000000000 (@00) ..o 87
00000000000 (000) & ..o 88
0000000000000000000000 ... ...... 96
00000000000000000000000000000. 97
00000000000 .. ..o 113
000000000000 .. ..o 117
00000000000 . ..o 118

I I 119

X



O 0O O

2.1
2.2
2.3
24
2.5

2.6

3.1

I I I 16
I I 35
0000000000000 0000000 (Coboooooog) 35
I I I 36
gbdgboooboboboobobobooboboboobon

OO0 ..o 53
goobbobobobobioooooooooooobobboboon

OOOD0O0O o o4
gooboooooboboooooobboooooboboog ... 70



1. OO0

000000O000C0O00,0000,0000000000,0000000,
000000O0,000000000000000.000,000000000
0000000000,000000000000 [New02, Dis02]000000
000000000000C00,00000000000000000. 00,0
0000000000000 000000,0000000000000000
00,00000000000000000000000. 000000000,
0000000000000 000000000,0000000000000
oooooooo.

00000,00000000000000000,00000000000
000000000 (00,00000)000000,00000000000
000000 [YSK99, 0D 9. 000000000000000000000
0000,00000000000000000000 (00,0000)000
000000000000, 00,000000000000000000000
0000 [MSY96, BF97, Neud7, Pul99, ZS00, 00 02,00 02]. 000,000
0000000000,0000,000000000000000000000
00000000000,000000000000000000000000
OoOoooOoooooooo.

0000,00,000000000000000000000000,000
0000000000000 00000000.00,00000000,000
0oOo0o0O000O0O0oooooo.

1.1 O0bOoobooobuobuobbooboo

goob,bboboodooooobooboboboboooooooonbo. O
goobog,ggobobboogooboobobboo,0liboboooa, oo
goboogbobogobobooobboobbooobboobboooboon
gbogo,ggbogbodboooboba,boobooboobboboogn
gboboboooboboboooooboooo.



e

gbobobooobbbooooooon
gooood

goboboogboboooobooo

.

goboooboogd
goobogn
goooood
pooubtdJooooooo

gooobod

\DDDDDDDDDDDD

011 dboooboooaoo

god,djdddddodoooooooobobobobobobb,toooon
goobooooobooboboa,0l120b0004a,bboboboooa,boon
0000000 (0000)0oo0o0o00. 0000,0000000000O
gobobobooobobobbooogoon.

gobob,djgobbobbododouobobbooooobbbooooonoon
gooo,bobogobboog,bboooobooobobboo,booan
gooboooboooooa.

1.1.1 0O0000Oodobod

goboboooooboo,bggubobobbodoooobbbooooonoon
gooboog,bbbbogooboboo. boooooobobooooob,
goboogboogbobooobooobooobooobbuooobboon
goboboooooboobob,ggobbobbbuoooobbobooooonoon
gbogobodgobo,ggbboobboobogb,gboobboboogn
00 (timeof flight) 000 0000000000000 O00O0O0OOODO. OO
goobo,gdggobbbouogoobobobobuoooobobobooooonoon



sHRIGIEA sHAIEB

sHAIEC

012 gobooooobboobooo

gboobgbo,ooboobooboobooobooboobooboon
gbogobood.

gbobboobooboobod o
goboboobobobobobboooobobobobob,oboan
gobgoog,0gooobobobobobobooooboobooboan
gboobboobbooobooboooboobbobboobboon
00000009 000,000000000000DOO0ODO0oULoOO
gobgooboboobobo,bobobobobooooboobooban
gbogobobooboob,oboobobbobbobog.

obobodg,gouoobuoobobbobbooboobooobob, b
obobooooboboobg.bobo,boboooboboboan
ob,000b00000buoobobbobboobooboo,oboan
O0000000000O0O0O0O000O0O [MIN02, Cyb93].

goboboobobobobob,boooobobgobobboooooboan
gboggoboboooobbooo,oobobbooobooooobon
oboogobobboooobbood. goobooo,bbooooobon

3



gdoddooooouooouoouooboooouoouooooob,ooda
goboboobooooooobbbobbdooooooobobobbooooon
(008,099, 0000 D0ODODOOO,000000000O00O00ODOO
gbogobodbobobboobooobobbo,boobbobbon
gooogobo.bod,oggoobogobooobbboonoboa
gbogoboogoobodboobooboboob,bodboboobooboon
gbgobodbobobboobooob,gboboboobobobbon
goooooa.

gbgbdooboooboooboobooboobboobboooob,a
gboboogbobobooob,gbbbooobboobobooooob. od
gobo,gdbobbooobbbooobbbooobbbooobbo,od
gbobogboboboogbobobbuooboo.obooobooboon
[Cyb93|00, 000000000000, 000000000000DO00O
gbogobogoobodobo,gbbobbuooboooboobbonbon
goood.bbbodb,ggobobogobooobboboooboboa
goobobooogoooobobobboboooooooo,oooa,
gbooodgbobobooobbooobobobo.obb,obbbooboboa
gbgobodbobobboobooo,gbboboboobbobobon
00000000000, 0000oo0oooooooooooO [ooolo,
000000000 [Do9000ouooooo.

00,0000000000000C00000000000000O0O0O [MSY9%,
BF97, Neu97, Pul99, 00O 02]. OO0OO,00000000000000O
gbodbooboooboobbobboobo,0boobooboon
gboboodgbobbooo.bogobbbooobbuooob,ooboboa
gbobobodgbobobboobooobo,boboboobobobbon
gobobboooobobboooobobooobn.

god,gbobogogbobobboboboobob,bobogon
gboobobooobooobodb,ogbdbuoobbooboon
gbgooobobboobobogbuoob,boboboboobooboo.



goobooobooboboooobono O
gbogobogobodbbooboboobobooo,o0obooboan
0000000, 0000000000000A0 (time of flight) 0000
goobobooboboodogoo. bbobbbodoooudooooooon
goo,0bbbodbobogbobbooobboooboboooob. od
g,0dggdobbooobbobooo,bbooobbobooobobobod
gbgobodgoboobbo,gbuogboobbobobooboboobbon
gobobboooobbboood.

gbogobuogoboboobbobboob,gbboobooboon
000 [NBD77,LJ77]. 000000000000 OOOOOOOOOOO
go,gdbgbdabobobboobobobooooobbo,obobda
OO0000O00O0O0o0ooOoobooOoobooobD,0onD,0n0og 1 pixelCCD
gbgobodobobboobooobobboobooobob,on
gobobooobbobooooobobooonon.

O00,0000000000,0000000 [Cyr00], 000000 [Rie02]
goodobobobobobbbobobooo. bbobobobbbbooda
go,b0booogobob,bogoobobobobiloomdbbbooon
gbo,gbbobbbobbdtbgoogobobbbbbooooooooaa.
go,dbggbogbobobouogboobbooboobboobbon
goob,b0dgdobbbooooogob. g, gobobbboooan
gobobooobobooooobobon.

goboboboooooobbbobooooooboobobbbooooon
gogobood,ogbobobouogboobboboboobboobbon
gooogoboobo.gbobboo,bogobbbooboboonobod
gbgboboodgbobobboobooobobbooboo,bobbon
gbogobogobooboobbobboo,ogbboobooboon
000000 ([0002.000000,00000000D00O000BOOO
O0ooooooOo,0b0b0b0ob0obOo. b0 ZhaoO O, 000 OO
gbogobogoobodoo,obobbuogbbooobobooboon



0000000 [Z2S00. DOOOOO,00000000DOO0O00O0OBOOO
goobO,d0bboboogobobooobbobbooooobobobon.

goboboboooooobobbbbootboooooboboobobboooon
goboo,gbbbooobbobooobbboobobb,oobbbod
goboogboboboooboo.gb,ggboboooboboboooboboa
gboboodoo,bgggbboooobbbooobbbooobbo,od
gbgobodbobobboobooobob,goboobboobbon
goobo,ggdobbbobtbooob. g, gobobbboooon
gooboboogoooobbbobbooooooobobobbooooon
go.odo,gb,gbogobodobog,bodboboobooboon
gooboooboog.

1.1.2 0O000O0O00OobOOd

goboboooooboo,bggubobobbodoooobbbooooonoon
goboogbobooogbbooboboo.obooobobo,bbbooo,0d0n
gobo,dgobboo,bbobobogdodo,goobo. oobobo,oboboon
gogoboo,bggbodbooobboobogbooboo,boboogn
gboobooooobooboobo,ggbbobobuoooobbobooooonooon
goo.

goooood o
gboboodgoob,gggbbobooobbooboo,bbooobobobod
goobooobobod. bbbobobbbbooodoooooooon
O00000000000000000 [Hor75|0,00000000000
gbooodgobobooobobo.goboboo,booobbbooboboa
go,b0booooobbobobooooobobbboooo. oo, o
gooddddodoodoo, bbb ooooooa
go.

O0000000000000,0000000 (photometric stereo) O 0O O



0000000000000 00D00O0OD [Woo80, Ike8l]OODO. OOO
gboboodgoo,ggogboobobooobbobo,bbbooobobobod
goobobooboboboodgdooooooo. oo oooo
gboooboo,bogbbobboogboobboboboobboobbon
000 [Hor86]. OO, 0000000000000 ODODOOOOOODOO
gob,gdobobboooooboboooobobog.

gbgobodgbobobboo,ggbboobboboboobbobbon
O0[[@CC0C9g0,00,000000000000000C00OO0OOO
[IMSO%6]. OO0, 000000000,0000000000000O00
gbobooooobobboooboboa,bb,ogbbbooobobbod
gbgobogoboboboa,bogboobboboboobobobbon
gbooogbobobooobooo.bb,gobooobobboooboboa
gboobooobbboooobobod.

gooobod o
gboboodgbbo,gubboobobobooobbooo.bbboooboboa
00000,000000000000000000(@UOO0)ooooOo
gbooogbobobooobobooo,oggobbooobob.ooooboa
gb,dgdbobbooobbobooobbobo,obbbooobobbod
0000000000000 00000000000000000 [ZheY4].
gb,ggdbobbooobobooobbbooo,boooboboboa
0000000000 00o0o0ooooOOooOO0OoUooOooooo,0oO
0000000000000 0000000UO0OO NWorjoDooooo
guo.

gbobodoob,gggbobobooobbbooobbboobb,od
gooboooboobobootoodoooooooobooboobobobobob. O
g,0ggdbobbooobbbooobbboobobbbooobbo,od
gooboboogoooobbbobbooooooobobobbooooon
goobogd.



gooog o
gboboodda,bboogboobobooobbbooobbboog,bbod
gbogbobobooobobooboobb.oboobooboobon
goood,ggoboobogbboobbogbboobbooboba
gbobo,gdbobbooobobobooobbbooob,ooobobobod
gbooodgbobobooob.ogobbooobb,obbbooboboa
O00000000,0000000000,00000000000 [OKS85]
0,000000000000C 009800000000 ooooooD.
gbobo,gdbobbooobobob,obbbbooobbobooobobobod
goobogobobooboood.

000,000000000000000000000000O [MKS85, AL87],
gboboodgbobobooobboooboboboooboo.bbb,0oboboa
gbobogoobobbooobbooo,bbooobbbooob,bod
000000000000, 00000000000000 [OK93JoOO
gooboo. obobob,dgdooobobbuoooooobo,bbbooaon
goobooobbboooobobod.

god,bogbogbbobboogboobboboboobbobbon
00000000 [Poi0l]0,0000000000O0O0OOCOODOODOO
00000000000 0O00OO0OO0 0o o200, 000000000
gbogobodgobobboob,gbboobboboboobobobbon
goboboooboobooooobobol.

gbo,ggdgobobog,0bbooobobobbooobboboooboboboa
go,bogggobbbuoogobobob,gogdobobooooonoon
gooboooooob. oo, bbbdodooo,bbbooon
O0000000000000000 [Tsa86,00 93]. DO0OOOOOOO,
gbogbobodbobobboobooobobb,obo0bboobbon
OoOoboo,djgo0boobobobobobooboobOo. bog, Zhou
goobobooooooobobbobbooooooobobobbooooon
gobo,gdbobboogboobooobobbooobbbooonbbo,od



0000000000000 00O0 [2Gay).

gbogobodgbobobbooboo,bobboboboobbobbon
00000000,0000000000000O0,00D0000O0 (DO
0000)0000000000. 0oooooooooooO,oooo00
gdoddddodoodooouooouoouou, oo oooua
OO00OO0O0bO0obOoOoOooO0oooOobobooDb. booooo, GpSO
gooboboboboboooobbbboobo, bbb oooooaa
0099,0000000000000,GPS,0000000O0OOODOO
gbgobodobob,gbbouogbooboboboboobobobbon
gooboggoo.

gooobod o

000000 (Shape from FocusO )0, 000000000000 0OO0O
gbogoboodbo,gbbobbouogboobboboboobobobbon
O00000000000000,000000000000 [Nay92, NS92,
NNo4|. 00 000,000000000000000O0O0CODOOOODOO
gooodgobo.oobog,bbogobbooobooobbbooboboa
gbogo,ggbogobogbbobobobodboboobooboon
goood.bob,gobbooobboobobooobobboooboboa
goodod,bbbbbbbobodbododo0do0oooooa
go.

OO00000oooooooooooooo,0ooddodoogooogg
O000000000D000DOO0O00 Shape from Defocus0 00000
0000000000 [HM98, RCI7]. Shape from Defocus 000, 000
OO00000ooooooooo,00boodboodooooooooagg
O0.00000000,00000000000000000O00000
OO00000oooo,0bobodbodboodoodoooooooogg
00 [NWN96].

Shape form Focus O, Shape from Defocus OO, 00000000 O0O00OO



gboboooobbboobob,gooobbobooobobo,obbbod
goboogbobobooobboooboboo. bbb, obbboooboboa
gobo,gdbbbooobbbooobbboobob,ooobobbod
gobobooobboboooooboog.

0o0O000ooo0o00 O
000000000000,000000000000000000,00
00000000000D0D000000 (0000)000,000000
0000000000000 000000000000. 0000000
000000, 00000000000000000000000000
0000.0000,000000000000000000,00000
000000000000000000,0000000000000. 0
000,00000000000000000000000000000.
[TK92, SK94, BZM97, SY+99, 0 O 00, PK+00, SM+02, O O 02].

0000000000000000000000000000000000
000000000000000000000000000 [TK92]0000
000000000000 0000000000000000,00000
0,000000000000000000000 [PK93, QK96, 00 97,
0097, 0098 MK9]. 000, 000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
ooooooooO

O000000000000000000000000 [BZM97,SY+99, RW00,
PK+00|00 000000000000 0OOOOOOODOOOOODOOOOO
gboobobooooooobobbbboooboobobobbbooooon
goobobooooooobobbobbooooooobobobbooooon
goobobooooooobobbbbooooooboobobbbooooon
goobboboooogbooooooooooboobobobobboboooon
oo

10



gobood,b0bboogbbobooobbbooobb,oobbbod
goboboboogoooobobbbbooooooobobobooboooon
goboodgbobobooobbooobobooobooo.bobo,0bod
gooboboogoooobbbobbooooooobobobbooooon
goobogobbo,dgoobobobooobbobboood.

OO0000O0obOO0bOobOobO,00obo0ob0ob GpSObObOOOOOOO
0000000000000 bobO0. ooboo,000boboono GgpsO
0000000000000 00O0000O0O0oOoOOoOooOO oo oo. O
g,0dggdbobuogoobboooobb,ogbbbooobobobod
0000000 [MO99. 000,GPSO00O0O0OOOOOOOOODOO
OO0O0000O0obOO0o0O0bOooo,bobobo GpPSOO0 10mOnboOoonoOd
gbogd,bgbobobogbouobodbbodboobbooboon
gobo,gdbobobobooogobobod.

gooboo,bbbdgooooobo,bbbbboogog,uoon
gboboogogobbooobbooobob,bbogbboobboobobo
g,gbboggbogbobobouogboobbooboobobobbon
goboboooa.

11



1.2 O00O0OO0O0OO0OboOoo

gobobooooobobboooa,gbbbbooooobbbooooonoon
goobbboog,bbodgdoooobbobbboooooooobobobo. bo
g, gbbogobdg,boobodbuobbooobooboobboboogn
go,bogobobodg2gdoooog.

(Looooooooooooooooo O
gbobooooobobobo,bbogoobbboobobbboob,bod
gooobod. bbo,bdgdooobobbouoooooboobooo, o
gbgobogobodbbooboboobo,bbooboobbobon
goobooobbobooooobobooonon.

(2)000000O0ooODoOoOoOoOoOoo O
goobobooooooobobbobbooooooobobobbooooon
go,dbggbogbobobouogboobbooboobboobbon
gobobogg,bboggoobbobof.

gbogob,0bogbodbo,oggbboobooboobboboogn
gooboooboooooad.
gobobo,dgggooboboooooooboobooboboboooooo, o,
000000000, 000000000000 (0DO0,00000)00000O
goobbobooogoooobobobobbbooooooooobob. bbb, O
goobooooobooboboa,gbbobbbuoooobobbooooonoon
goboboooooboobo,ggbbobobuooooboboboooonoon
gogooob.bo,ogboobobobobooobobboboobognn
g,0oggobobboogoobooboog,bbooooboobooobobog.

12



1.3 0OOoon

googdbbgdobdoobbdoo. 2000, ggbbooboooboon
gboboodgda,buogoboogbobboobobuooobbooobboooon.
go,0bodgbogbodgobobbuooboobooobooboonn,n
goboogbooogbooooboboo. 3ggb,goboooboooboan
goobooooobobobooooobobboo,ogobbobooooonoon
goobbbooogoooobboobobobboodooooo. obob,bbn
goobooooobobobooooobbboooobobobobo,oonoboon
goobobooo. 4000, 00bo0oooboboooooog.

13



2, Joobubotubobouooobobooboodogn
0og

21 OO

00000000000 000000000000000000000000
00000000000 000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000 (shape from motion) 0000000
00000000 [TK92, PK93, SK94, BZM97, SY+99, PK+00, RW00, SK+01]0
000,000000000,00000000000000000000000
0000000,0000000000000000000000000000
Dooo0ooooooo.

00000000000000000 (00,00000)000000000
00000000000,00000000000000000.00000,0
000000000000 210000000000000000000000
00000000000 0000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000 000000000000000000000000
00000000000 0000000000000000000000000
0000000000000 0000000000000000000000

22 OJO00bO0OoOoboOoOoboboo

goood,bbgoobooobbo,ggbbouobbooobbooonba
gbo,bdgdgoobbbuogoobobobuoooobobobooooonon
O00000000,000 (0000000000 0)00DoooooOoOoOoOd
goob,bdggobbboogoobobobuoooobobobooooonon
g.oob,ggboboooooboboboooooog.

14



021 goobogoobogoogd

gbod,gobbooobboooboooob,bboobboobobogd
oboogooao.

221 0O00OO000OO0OO0OOO

000000000000 000D000000oDOoODO0O 2100000000
OO000000o00,0000 F,cCDOOODO cedy,cedy, 00000 scry, scry,
000000 ¢,,¢,, 00000000 s, 000,000000 ki,keO,000
O000000000000000,TsaiDODO [Tsa86|0 00000, 00000
00000000000 (00 A0O0). 00000000 OoooooooooO
O00000,022000000,00000000000000D0000O,0
Oo000ooooooooMOOOOOoOOOO0OO0.0ooOoOo,obo00oooOoo
0000000000000 300000o0o0o0 (m,re,ry) 0, 00000000

15



00000000000000000000000000000 ¢ = (t1,ta, t3)T
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1 1
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0000000,00,0000000000000000000,000000
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000000000000,
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D00D0000000 ()000D0000000000000 0 P; = {pa
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0000 (1)0D00000ooo0o0o0o0ooooooOo2600000000
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0000000000000 x%x,000000000 Ryp(DOOODOOO
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0000000000000 0000O000oooOooooOoooooO (10) O
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00000000000 000000O000000.
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SE,
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O,000000b0ocd0oooo rpO0000000DOCOOOOOOOOODOOn.
Oo0oooooooooooooooooooooooooooooonooon
Oo0oooo0ooo0oooooooooooooooooooonooonooon
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0000000000 Mgy, Ms_k41),---,M;00000,00000000
0000000000000000000000000(10)000000000
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000000000000000000000000000000000000
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