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Camera Position and Posture Estimation for a
Still Image Based on a Landmark Database

Using Scale-Invariant Features®

Mitsutaka Susuki

Abstract

Human navigation systems on cellular phones can navigate users showing user’s
position and navigation information on a 2-D map. However, it is sometimes
difficult to follow guiding information because 2-D navigation is not intuitive for
many users. To realize intuitive guiding, a novel technique called Augmented
Reality (AR) has been proposed and investigated. In AR applications, guiding
information for a user is drawn on an image of a real environment. To overlay
guiding information at geometrically correct positions on real images, absolute
position and posture information of the camera are required. Although several
methods for mobile navigation system using AR have already been proposed, most
of them do not have sufficient accuracy, or the computational complexity is too
large for cellular phones. A method for estimating camera position and posture
from a still image based on a feature landmark database has also been proposed
to solve these problems. However, it still can not estimate camera position and
posture parameters accurately if the input image is taken at a position far from
the camera path where the landmark database is created. This problem is due to
the lack of handling scale changes of input images. In this study, scale-invariant

features are used for creating a feature landmark database. With the proposed

* Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT0551072, February 1, 2007.
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method, the camera position and posture can be successfully estimated even if the
input image is taken at a position far from the camera path where the landmark
database is created. In experiments, the effectiveness of the proposed method

has been shown by comparing it with the previous work.

Keywords:

camera position and posture estimation still imagel]landmark database[] scale-

invariant features

v



0 O

1. 0DOogo

2. Jbooboobooboboboobboboobooboo

2.1
2.2

2.3
2.4
2.5

gbooboooooboobooobog o000
I I
221 00O0O0DOODODDOODO .00 .
222 000O0DOODODODODOO o000
223 00O0O0OOO0DODDODOO © .00
224 00OO0O0OOO0OODOODOOODOOODOODOOODO

oboobgbooobooboobooboobonobon

I
OO0O000O0 ..

3. bugoboobuooobobbod

3.1
3.2
3.3
3.4

I I I
gbooboooooboobooobog o000
I
I I I

4. DDOogoobooboobooooboboboooobobbuooooooboo

4.1

4.2
4.3

gogogobobbobobobobbbbodoooooooooboobboo
0000000 ..o
gboobobooobooboobooboobooboobo .
I
431 O000OO00OO0OO0OOOOOO0OOOO0bOOO0bOOO0bO0n

I
432 0O00OO0OO0OOOOOOOOOOoOoOoOooooooooo ...

© 0 D = R W W

11
12
16

18
18
20
20
22

28
30

31



51 000000000000 O0O0O0OODOOOOOOOO (OO 1)

52 U0 1000000

53 00000000000 O00OOM@O2) .. ... ...
I I

5.3.1
5.3.2

6. ODOdg

HEN

gooo

gb 2000000000

vi

31
41
42
44
ol

59

61

62



O 0o

© 00 1 O Ot = W N

e e e T e e T = S = S
N O Ot = W NN = O

18
19
20
21
22
23
24

25
26

Méhring O [15]0 AROOODO ... ..ot e oo
000 21000000000 ... ..o o oo
VacchettiO 23|00 000000000000 OO0OOOO ...
000000000000 0000gon .o 0o,
I A I
000000000000 ooDooooooooo ... ...,
ODO0000000 ... . e e e e e
OO0000000000000000 .+ ... .o oo
Harris-Laplacian O OO . . . .. ... ... ... ... ......
000000000000 0000gon .o 0o,
OO000000000 . ...
OO0000000000000000 .+ ... .o oo
100000000000000 .« ..« 0o v e oo oo
I
000000000000 0D0 LadybugO OO ...
000000000000 000DOoDonDg ...,
O01000000000000000DO00D000O00DOOooOd

goboboogobbobuooobbbbuooobobodgo
obooboboooboobooboobooboobon
ob2000000000000000000DO0O0O0O00D0O0O0
OO0O000 ...
gbo2000100000b0b0000bbbooooon

I I I

Vil

13
13
15
17
19
21
22
23
25
26
29
32
32



27
28
29
30
31
32
33
34
35
36

gbil1gbogboobgoobooobooobobno 0L
gbil1gbogboobgoobooobooobobno 0L
I
ob200020000000000000000000

ob20000000000000000 .+ ..o L.
ob20000000000000DOO0DODOO .~ ... ... .
ob20000000000000DOO0DODOO .~ ... ... .
ob20000000000000000 ... ..o ..
000000000 @O00) ...t i oo oo
000000000 (Cooooooooooog) ...

[

gobobooggbooboooobobog oo
gboodbogboogbogbogobogbuobaogbogon
I L
O0000000ooooooooooo oo ... ...
gbl1g0bo0oboobobobobobobobbobobobo

viil



1. 0Oooo

O0000O00O0PDAOCOOCOOOOOODOODOOOODOOOOODOOO
0000000000000 00000000000000000000000
000000000000 GPSO0OC0OODOOCOOOOOOODOONOOOO
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000 CGOOODO0DO00O0000NO00NoNoooooon
00000000000 0000000CGO0O000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000 CGO
000000000000000000000000000000000000
0 O Augmented Reality; ARODODOOOOOCOOO0OOOCOOOOOOARDOODOO
000000000000000000000000000000000000
000000000000o0o0

000000000000000000000000000000000GPSO
00000000000000000000007(1,2,3,4,5,6,7,8,9,10,11]00
0000000 [12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29]0]
0000000000 [30,31,32, 33,34,35,360)00000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000()O0000000000000(MO000000000000000(c)
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
O000000000000000000000000000000000000
000000000000 000000000000000000000000



gbobobuobooooboboobobobbobobooobboboobon
gboboboobobooboboobobooboboobobbobon
gboobooboboobobooboboboobouobooboobooobobon
gboobobooobooboboobobobobuoboobobooboboon
ooooogooboogon
gboboouoobobobbdobobuooboboobobooboboo
gbobobuoobobooboboboboboboboobobobbobon
gbobobuooobooboboboobobooboboboobobon
gbobobooboobobooboboobobobbobobboobon
gboboboobooboboooobooobobuoboobobooboboon
goboblgbobobgobobouobooobooboboboooooboon
O000oobo0ooooOo0oooooooobo0 ARODOODOOOoOoOoDOOo
01000000000000000000000DODO (29000000000
gbooobbooboboobobooooboboobboobooobboooon
gbobooobooboobobooboboobobooboboobonbon
gboboobobolboobobooboboboboobobbobon
oboobbooboobbooboooboobboobbuoobboobos
gboooobooboobooboboboboobobobobobobbobobg
gboboboobobobbobooboobooboobuooboobgbedd
gbobooobobbooobooboboboobobooboboooboon
gboboboboobobuooboooboboooobobobooobonboon
oboobooboobd
gbo20b00b0000b0b00b00b0oboooooobooooooogno
gbobooboboosboobuoobuooboobuoobuoobooboobon
gbooooooooooobo40o0oo3gboboboboboooooon
gboobooboobobooboboobooboboboobobooboboon
gbobooboobbobooboobooboobuoobooobgoboosn
gbobodgbgoboobobobodobobbobobooboboooobobod
gbobooboobgodedobobbobbobooboobon



2. Dgoobooobooboobubouoboboobogo
Ooon

00000000000000000000000000000000000
0000000000000000000000AROODOOOOOOOOO
000000000000000()GPSO000O0000000000000
[1,2,3,4,5,6,7,89,10,11]0(2) 00000000 [12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29|01 (3) 0000 O00OO00OO0O
30, 31, 32, 33,34,35,36)| 0 000 00000000000000O0O0OO0O
0000000 AROOOOOOOOOOOOOOOOOOOO0O0O0OO0O00000
00000000000 0000000

2.1 Doooobooooooobbod

gboboobobooboboboboooboobobooboboobo
O000000000000000 [1,2,3|]000000000000 GPSOOO
000000000000 00o0ooooooooooooooooog (4,5, 6,
7,8,9,10, 11|00 0000000000000 OOOOOOGPSODOOOOO
Oo0OoDOoOO0DOOo0DOOO0 LANODOODOOODODOODOODODbOOoDOoOoDOO
gbobooboboobobobobobboboobobobobobbobod
gbobooboobuobboboobobooboboobobbobobon
gboobobooboobobobobooobobuoboobobooboboon
oboooobon

O0000000000o00O000ooooo|(L,2,30ooo0ooooog
gbobooboboobobooboboobobobobooboobon
gboboboobobobuooboboobobooboobobbobod
gbouobooboboobobooboboboooobboboobbonbon
oboodbboooobbooboboooobobooobbooobbOoooboo
gboboobogboobobdobobboobobooboboobonbon



0oooooood
00000000000000000000000000000000000
000000 [4,5,6,7,8,9,10,11]0000000000000000000
0000000000000 00000000000000000000000
000000000000000000000000000000 RIK-GPSO
000000000000000000000000000000000000
00000000000000000000000000000 (7000000
000000000000000000000000000000000000
00000000000 ([10,11]000000000000000000000
000000000000000000000000000000000000
ooooooo

22 DO0OO0O0OooOboOoooooobbn

000000000000 0000000000000000000000
000000000 (12,13, 14, 15,16,17,18, 1900 000000000000
00000000000000000000000000000 [20,21,22)00
000000000000000000000 [23,24,25|0000000000
00000000000 0000000000000000000000000
0000000000000000000000 [26,27,28,290000000
0000000000000 00000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000 000000

221 0000000000000

000000000000 000000000000000D0OARToolkit[12]0
0000000000000 0000000000000000000 13, 14,
15,16,17000000000000000000O0O0O0OOO 18, 19)00000



0 1 MghringO [15]0 AROO OO

gbobdoboboobobobobooboboobobooboboobon
O000000000000000000D000O0DOOWagner O [14] O Mohring
015000 10000000000000000000PDAOOOOOOO
OOobOooooboboobooobobooooobooooD ARODODODOoDO
gobbobooobbooobbobbuooobbuooobbooobooon
OO00o0000o0o0oo0ob0obobOobbOobOo PDAOOOOOO ARDDOO
gboboboboobobobobobobooboboobobobbobon
gbooboboobooboboobboobobobooboboobobon
gbobbuooooobouoooooboboo

0000000 0000 00ooo00oooooooooooooog
gboboogbbuoodbbugbbooboboobbooobuoobbooon
0000000000000 000000O0O0000000o0oOoooOO 7 o0
gboobobobooboboboobobobooboboboobobon
gbobooobbobodboooboobbooobuoobboooobbooon
gboboggbbuoogbboooobbooobboobbuooobooon
gbobobooooobbooooobbboooobobobbooobobogd
obobooboobooboobooboob

0000000000000 0000000000ONeumann O [18]0 Davison



09 000000000000 000000OO000OOOOO0O0OO0OO
gbobdoooboboobobooboboooooboobooobbbobod
gboboobobobbbobooboboobobooboobobobLon
gbobobooboboboooooobobuoobooobobooboboon
gboobooboobooboboobobuoobobuoboobobooboboon
gboboboobobooboboobobouobobobobobboobon
gboboobooboobooboob

222 0J0000000DOO0DOOO0

00000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000([20,21]000000000000000
000000000000000000000000000000000000
022000000

000000 ([200000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00 [21]002000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000



Mr. Kourogi
student

ER N

7 L
E-mail:kourogiwetl go.jp

’g‘ :HE'. i 4] ‘f% Plione: 0298-54-XXXX

..........

A B e

02 000 [21)]000000000

OO000o00ooooooooobooOooooooooboobDOObOO0O0O AR
gbobobuooobooboboboobobobooboboobobon
obooooboobooboobd

CipollaO [22]0 0000000000000 OOOOOOOOOOOOOO
gboboooboobobooboboobobobobobobboobooon
gbobobuooboboboobobuobobuooboboboobobon
gbobobuoobooboboobooobobobooboboobobon
gbobobgobooboboobboboobobooboboobobod
gbooboobooboboobobobobuoobobobboobOoDbon
gl1gboobobgoboboboboboboboboboobobobooboobon
gboboboobobooboboboboboobobobobboobon
gbobobuoobooboboobobobbobobooboboobobon
gbobooboboobobbobobgeboobOobbOobbbOOobOn



0 3 VacchettiO [23]000000000000000O0OOOO

OO00O0bOobOobobooboOoARODOOOODODO

223 0U00O0OOOoOoOobOOOOoOooOon

gobobobbbooooooobbbboooobuooooobobboogo
023000000000000000000DO0O0O0OO [24,25|000000
VacchettiO [23]0 00 3000000000000 0O0OOOOOOODOOOO
gbobobobooboboooobobooboooboboooobonboon
gboboobogboboboboobobbobobobooboboobonbon
oogd

VacchettiO [24]000000000000000O0OOOOOOOOOOOO
gboboboobobooobooboboboboobobobbobon
gboboboobooobobooboboobobooboboobobLon
gboboooboboobooobooobobuobboboboobbobLon
gboboboobobobodbobooboboobobbobboobon
gbobdobobobobooboboobobooobobobuobboobon
OO0b000b00b0O0b0o0ooobboobo0obo0oboOoObodDOVacchetti



0000 [24]00000000000000000DO0O0O0O0OOOOOO0O0
gbobobuooboobobuoobobuobboboboboboobobon
gboobobooobooboboboboobobuoboobobooboboon
O00000000000000000 RostenO [25]0000 [2400000
gboobobobooboboooobobooboooboboobooobonboon
gboobobooobboobboolegobboobbooboooboon
gbobobuooobooboboboobobobooboboobobon
gbobooboobooboobgn
gbooobobobbobooboboobobobobobuoouobunboed
OO0bOO0b0ob0ob0o0o0o0ogbOuUARODODODOOOODODODODODOOO
gbobobooboboobooboboobobobobobuoboobon
obobooboobooboobobboboboobg

224 U00OO0O0OODODOODODOOOODOOODOODO

0D0000000000000000000000000000000000
0 O Skrypnyk 0 260000 [27]0 OSnavely 0 [28]0000 [29)0000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000006000000000

Skrypnyk 0000 [26)000000000000000000000000
0000000000000 SIFTOO000000000SIFTO0000000
000000000000000000000000000000000000
00000000000000SIFTO0000000000000000000
000000000 SIFTO00000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000



gboboobooboboboboboobobooboboboobobon
goooon

gboboobooboboboboboobobuobooobobooboobo
gbooboboooobooboboobobuobbobobbooobooboboon
0000000000000 0000oooo000 2rjoooooooooog
O000o0boo0booobOogbodbOodstructure-from-motionJ 0 0 00O O
gbobdobobobooboboboobobooboboboobobon
gbobobooboboobobooobooboboobobobbobon
gboboobobobooboboobobbboboobboboobobon
gbobooboobooboboobobooobobooboobboboon
gbobooobbgoobboobbooobboobbobbooobbooon
gboboboobobooboboobobooboboobobobbobon
gboboobobooboboobobooboobobobobobbobod
ggboooboobobooobooboobuooboobobbooboon

Snavely O 28] 0000000000000 O0O0O0OOOOOOOOOOOO
00 0O Ostructure-from-motion 0 00 0 0000000000000 0O0OOOO
OOoboooooogoosiFroooooboobooooboooobooogon
gbobilgbooboboobooobobooboooboboboobon
gboobooboobobooboobooobobuooboboboboobbobon
obooooobooobooon

000 2900000000000 o0ooooooooooooooooog
gboobooboobobuoobobuoooobobbobbobbobon
O0O000000000 structure-from-motion 0 0000000000000
OO000000D00DbODOO0OOoOon SIFT-descriptor OO OO0 OO0OO
gbooboobogbooboboobobooboboboboboobobLon
O00 SIFT-descriptor UOD OO ODO00OODOODOODOOOOOOOODOOOO
gbobboboooobobooboboobobooboboobobon
gbobobobobooboboobobobboboboobobooon
gboboboboobobobooboboboobobobooobobon

10



gboboobuooboobboboobobil1oboobobboboobon
gbobooobobgooboboobobooboboobobobobod
gbooboboobooboboobobuobobuoboobobooboboon
gboboobooboobobgooboboobooboboooobonbon
gbobooboobobooboobooooboobobooboboobbobon
gboobbobobooboboobobooboboboboboboboobon
oboooooon

23 DUooouobuoooobbuoooobobbuooo

0000000000000 00000000000O0O0oOoao (30,31, 32, 33,
34,35,36)| 000 0000000000000 0OOOOOOOOOOODOOOO
obobooboobooboobonbo

0000000000000 000o0oo0o0o0o0ooooooooooo (30,
3,320 000000000000 0000O000OOOOOoOOoOoOoooOoDO
gboboboobobooboobobuooboboobobobobobon
gbobobuooboboboooboobobobooboboobobon
obobooboobooboon

0000000000000 0000oooO0o0oooooooooooo [33]
gbogoobbouogbobboobbboobbboobobboobobooan
gboodobbooobooobbooobbooobooobbooooboban
gboboboboobobuoboobuobobboboobobooboobn
gboboboobobobobbobuoboobobobooobboboobon
gboboggbbuoogbbuoogbboooobbooobbobbooon
gbooduogbbooogbbooobbduooboogbboooobbooon
gbooggbbobbooobbuoobbooobbooobooobbooon
gbodbogbobobobobobobobobobobobobobobob
gbobooboooboboobobgobbobobobobobobobobob
gbobooooobboooobobao

000000000000 00000000000oo 340000000

11



gbobobuoobooboboobobuobboboboboboobobon
gbobobgoobobobobooboboobobooboboobobod
gboboobobobooboooobobooooboboboobobLon
gboboobogbobobobodbobooobobooboboobonbon
gbobooboboobboboobobobuoooboobboboobobobon
gbouoobogboboobobooboboboobobobobbobon
oogd

0000000000000 00000000ODO0000O00 [35,36)0000
gbooboboboobobooboooboboooobobobooobonboon
gboboooboboboboboobbobuobbobuooobuooboboon
0000000000000 000000000000O0O0O00OOD 30000
gboboboobobooboobuoobobooboboobobooboon
36)00000000000000OD0O000 GPSOOO0OODOOOOODOOO
ooboooGpSOO0ODOODOOOOOOOODODOD

gboooboobobooboboboboboooboobobooboooo
gboboboobobobooboobobboboboobobobbobon
gbobobboooboboobobooboboboobobobbobon
obobooboobooboobobbobbobooboobd

24 DOU0OOO0OoooboOod

04000000000000000 ARDODOOOOOODODOOOODOOO
gbbooobbooobooobboobbbooooboooobooobb
AROO0OOO0OOO0OODOODOOO0OOoOooOooooobooboobooobooooobooo
gboboggbobuoogbbuooooooboobbooobbuoobooon
oooooobobobobobopCcOb0bbO0bUObO0ObObObObOOOOO
OO00o0Oooooobooo0o0oboAROOOOOODDOOOOOOODODOOO
gboboobooobobobobobobobooboboobobobob
gboboogbbuogdbboobobobobooobboobbuoobbooon
OOoo0oooooboobooobooboooboobooooooooogo pPDADDO

12



i
E

NI T Bl

i

o

ot

B R - BRI

U ERWNEFE

oY EEBONAT)yRFEE

EREAVFiE -

| Efg7—5~—2 || ZVEI—Y )z:ﬁzﬁﬁ‘» | | Azttrz—n

\\ T—AN—X

v

e VAT LOHBE- HFIRE K&

U4 DOoggoboboooooooboboogd

=

v

hay SRFLDEE IR REL

Us bugggbobboogobobbuoogogoboooon

13



Oooooooooooooobooobobobo0oooooooboooDboboOo PbA
gbobooboobooboboobobooobboobobboobobod
obooobobogobboobobooobobuoobboooboboooboooon
gbobobosgboobobbobuoobobuoobuobooboobboobon
OO0bOO00o0oobo0obOoo0obO0oooobo0ooooooboooobDU ARDO
gbobooouoobobooboboooobooboooboboobobon
O0000000000000000000O0O000 2900000000000
goobobooboboobobooboboooboboobooobod
OOooboooboboopbAOOOOODOOOODOOOIDO0OODOOODOO
OOoboo0ooboobooboooooboooobo0 ARODObbooDoDO
goooboboooboboboboobobooboboboobooboobobogon
gbobobuooboobobuoobobuobboboboobobobooogon
gboboobooobgoboobobooboboooooboboobobod
gboboboooboboooboboboobobobuobooboobboboon
gboboboooboobobobooobobuoboobobooboboon
gboboobooboobobooboboboboboboboboobobod
gboboobobboboodboboobobooboboobunob 20
oboooobooo

gbogobobooboobooboobobobooboobg
Oooobobboobooboobuooboobooobo

000000000000 000 (DObooO0ooooO0)0oooooooOooO
gboogboboboboobobooboobobuoboobobooboboon
gboogoooboooboboobooboboobobooboboobbobon
gbobobuooboobobuoobboobobuobooboboobobon
gbobobuooboboboobobobobobooboboobobon
gboboboboooboobobooobooboboobobobbobon
gbobobooobobooboboboboobobobobooboobbobon
oboboodbooobuooboobuobbobbobboboobooboon

14



AASDHLE -
RO

E R EimE

FES—Sa g
#EERTLI-EEZ

U6 Joboooobboobboboobooboobd

ggbuooobbooogobboobbboebbbuooobbuooboon
gboboobooboobobobodobobboobobooboboobobon
gbobooobogbobobooboobobooboboobobobbobon
OO0 GpPSODOOD0OODOODOOOOOODOODODODODODObObOODODOO
oooGepSOOO00ODOO0ODOOODOOOOODOOODODbOOODODbOOODO
Oobooboobooboboogoooboooooooooo cGcooooooo
obobooboobooboobgobboboobg

15



25 UUgooog

0D0000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000007000000000000(29/0000
00000000000000000000000000000000 (a-3,b-1)
0000000000000000000000000000000000000
00 (b-4)00000000000000000000000 (290000000

D0000000000000(0000000)0000000000000
D0000000000000000 (a-1)0000000000000 structure-
from-motion 00 0 0000000000000 (2-2)000000000000
00000000D0000000000000000000000 (a-3)000
00000000000000000000000000000 (2400000
00000000000000000000000000 (a-5)0

000000000000 (0000000)000000000000000
000000000000000000 (b1)000000000000000
0 (»2)00000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000 (b-3)000000000000000
000000000000000000000000 (b4000000000
000000000000000000000000000000000000
0000000000 (b-5)0

16



(251 038) (o714 03)

—— F—AR—REE HASRE-REHTE —
(a-1NEAHHEBRDIRS b-DEBERT—IL
* NEH
(a-2)HASHEELBARFEH A *
ERTAEDHTE b-2)ZERT—I)L
* BEARNINLDER
(@-)FBRATr—IL *
DEH (b=-3)T —RAN—ZAMD5
* M RERER
(a-4)BERXRT—IL *
BHEMARONLOER b-MHBEIZLDNAS
* B RBIRFEDRE
(@-5) T —BAN—ZA~D &% *
(b-5)YHASHI B - REHETE

U7 o00ogoooo

17



3. oooooooboobuoono

gbobogbobougbbooobbobodobbuoobobooobboboon
000000000 (oooooO0)oooooooooooooooooog
gboboogbourgogbbuoobuoobbooobbooobbooan
0000000000000 0O000000000000 (a-HDODO0O00OO0O0
gbobobuooboobobuoobobuobboboboboboobobon
000000000000 00000000000000000000 (a-2)00
0000 (a-2)0000000000000000000O0O00 (a-3)00000
0000000000000 000000oooooooooog (40000
gbobobobooboboboboobobobbobuoboobobobon
gbobobooobobooboboboobobobooboboobobon
O (a-5)0

gbbogbuoggbooobbuooobooobbuoooboooboon
gbobooooobboooobbobuoooobood

3.1 J0gooobobooooobbod

Oo0oO0O00O0O0 2900000000000 o0LOoooooooooooo
gboboogbbuoogdbbuoobbbooobbooobboooobobobban
gobgboboboboooobgoboboboboboobobobobob
gbobooboboobobooboboobosgpoooboobobod
000 (A)Doo00oOO0OO0OD0O0O000B)DODODDODO0DO0DO0DODODDOOOODODOOO
000000 (a0 0000000000000 00000O0MboOooOoood
O0()00000000000000000000000000000000
oogd

(A) 00000000000
000000000000000000000000000000000
000000000000000000000000000000000

18



(ABARBEAD=RTME

(B)im&ith R 1E R
Q)FURI—IREBDEAMIDASDMUE
(b E R —IL
(CQ)ZERT—ILEFEARILIL

\
L\

U8 gbogbboobboobooboobg

gboboobooobbodobs2boggbbouogbobooogbboobon
goo

(B) 000000
000000000000000000000000000000000
0000000000000D00000000000300000000
000

(a) DOOOODOODOODOOOOOOOOOO
42000000000000O00O0DLOODOOODODOOOODOOOD
O0000000000000320000000000000 (a-2)0
ooooobooon

(b) DODOOOOO
00000000000000000000000000000000
000000000000000 (a-4,b-2)000000000000
0000000 (b4)0000000000000000330000
0 Harris-Laplacian 0 0 0000000000000 (a-3,b-1) 000
00oooo

19



(¢) 000000000000
0000000000000 00000000000000 SIFT-
descriptor[37) 00000 0000000000000 000000
0000000000000000000 (b-3)0000034000
0000000000000000000 (a4,b2)000000000

3.2 J00O0ooboooooobbon

gbooobooobobdooboubobobobodubobbobddl Ustructure-
from-motion 0 000000000 0ODOODOOOOOOOOODOODOODLOOOO
0000 38|00 000000000000 000000DO0O00OOOO0O
0000000000000 HarisOOODOO [39)0000000000O0O0O0
gbobobooboboboboboobobooboboobobobon
obobooobooboobooboobo

gboboooboobobobooboboboooboboouoooobo
gbobobuooboobobuoooboobobobooboboobobon
gboboboouoobobooboobobooboboobobobbobon
gbobobooobooboboobobobbobuobobobbobon
gboboobogbooboboobobooboboobooooboobon
gbooboboobooboboobobooobobuoboobobooboboon
gbobdoobooobobooobobobooboboobobobobOooobo
0000000000000 000DO0OO0OO00D0DO0ODDOOO (A)DODDDO
0000000000000 0000000000000000000 (B-a)Od
ooooo

3.3 Uguouoooond

gobbobbooooobbbbooooobbobboooooobogo
gboobogbbuoodgbbuoobbboobbooboobouobbooon
gboboodgbbouogbbobodgbbuoobobboobbobbuooobooon

20



Ar—JILo ARTr—Io

0 9 Harris-Laplacian O O 0

gboboobbooobooobbooobbooobooobuoobbooon
oboooobboobobooobbooobbooobbooobobOd Harris-
Laplacian[40|0 0 0000000000000 O0O0OO0OOOOOOOOOOOOO
UOwdO0O000

Harris-Laplacian 000000000000 40|00 0HarrisO0O0OOODOOO
O00000ooooo0o0oooooooob0soooOoOoOO0OO (HOOO
OO Laplacian-of-Gaussian LoGO O OO OO OODOOO0OOOODOOOOODOO
oooooo

r? — 202 r?
L . 1
copl—) )

O0000000 o0 Gaussian DO OO OOOOODOOODODO-OD000000
OO00obO0oOo0o0o0obobobooooobobobobU0 LeGUDODODOO

LoG = f(0) =

2mob

21



SKI—9Pp

010 Oboboooobboboooobon

gbobooboobboobuobbobuobbobobbobobbobLon
OO00O0O00LoGOOODOODOOODOODODOUODOODOwDhOODOO
gboboobobooboboobobboobuoboobobobonbon
2000b000b00boobobuoobobbobbodbtwb0bOo0obo
obobooboon

3.4 JO0U0o0oooooooobood

gbobobgoboobooboboobobobooobboboboobo
gbobobuoobooboboobboobobobooboboobobon
obooooobooobooon

1. 0000000000000000000
000000 p0¢00000000000000000000 w,,00
0000 100000000000000000 (wpe/2+1)% (wpe/2+1)0
(wWpg+1) % (wpg+1)0 (2wpg+1)x (2w,,+1)000000000000
00000000000

2. 000000000O0DbL0O0bO0DbO0OD

22



BEAGRE AN S LDE—I R NERER RS

fi%&
K
= T
shan

~ Gaussian 74 /L% M X MAEIE = 2 F

=

011 ob0booboobon

0000000000000 11000000000 0SIFT-descriptor[37]0
00000000000000000000000000OSIFT-descriptor
0000000000000000000000000000100000
0000000000000 Gaussian 0000000000000000
0000000000000000000000000000000000
0000000000000000000000000000000000O
0000000 Mx MOOODOOOOOOOOOOOOOO0O0NDOOO
000000000000000000000000000000000
00000000D=Mx Mx NOOOOOOOOO f= (v, --,vp)
0oooo (370

23



4. JOogooooooobooouooooboobouod
oooobd

000003000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000 (299000000000000000
0000000000000000000000000000000 (b-1)00
00000000000000000000000000 (b4)0000000
00000000000000000000000000000000000
00000000 (b-1)00000000000000000000000000
0000000 (b-2)0000000000000000000000000 GPS
000000000000000000000000000000000000
00000000000000000 (b3)0000000000000000
000000000000000000000000000000000000
0 (40000000 (b4)00000000000000000000000
000000000000000000000000000000000000
00000000000000000000000000000000 (b-1)0
000000000000 3300000000000000000000000
000000 (b-2)0(b-3)0000000000
00000000000000000000000000000000000
00000000000000000000000

4.1 J000ooooboboboboboooobooouooooogooa

ooooobon
gboooboobOoboobooooobobo GpSOODbObDODObOOODOD
guooouoobbobbiodooooouooooobobbooouooobobbn

gbobbobooooobbobbooooobbooooooobobbbooooon
gbobooboboobbobooboobolbgooboobooboobon

24



012 gobobOooboobooboob

000000000000 00000000000000000000000
00 100000000000000000000000000000000
fiv = (vin1, - ,unp) 0000000000000000000000000
000000000 fy = (opmy,- - ,omp) 000000 (2)0000000
000000000000000(0000)00000000000

D

S=fin = foul* =D (vivg — vira)’ (2)
d=1

Oobo0ooOo 120000000000 ooooooobooobooboooo S
gbboodgbodgbbuooobooobbooobooobbuooobooon
gboboodgbbuoodboobbooobbooobooboooobbooon
gboboogbboobboobobbooboboobboobooobbooon
gboboboboobobobooboboboobobobooobobon
gbobobobobooboboboobobobooboboobobon
gbooboodgbbougbbbooboobbuooobooobbuooobooon
gbobbuooogbbbouoooobbobuoooobbooooon

25



O ANE#OFBAIELULI-ZVFY—Y
X SURR—IREBROLHENASHE

HO00
0000

U 13 100000000000000

4.2 JO00o0oooooouobobouoboouoboooonbda
00O

410dggoggbobobbuodoooooboboobbooooooobbon
gbooobogdgbbuogoboooobbooobooobbuooobooon
gbobobobooboboobodobobobobbooobobobbobon
gbobobgoboobobobodobobobobobooboboboobobon
gobboodgbobogbbuooobbduoobbooobobuooobooon
gboboboooobbobuogooboobooooobobuoooooobogd
O000000000o0ooO 9Ubo0oooooooooooooooood
0000000 (2900000000000 000000D000OoOOO00O
gbobobuoobooboboobobuobboboboobobooobobon
gboboodgbbuoodgboobboobooobboooboooobbooon
gbobbuooooobouoooooboo

Oo00ooooboo0o BoooooooGepSOOOoOooooooooooOoD
gbooobboobboobbooobboobbooboboobbuooon
O0000000000000001(0036000 360//000000000O000

26



000000000000000000410000000000000000
00000 p000000000000000000000000000000
00000000000

DO00GPSOO00O (g9,,9.)000000000000000 (2n41) x
2n+1)000000 2y00 wy(—n<i<n,—n<;j<n)000000000

oogd
w; g: +L X1
Wz’j:< ):< ) (3)
(y gy +Lxj

gbooLrLogbboobboodboobbooboboobooob 410000
gbobuoggbobuoogbbuoodgbbpuoobbobbbouoobbboogn

0000000 w,0mO000000000000
[D0A] O0DDODODp00000D0 Q,(Q,,Q,,Q.) 0000000

ooobbgquuobbOooboooonC,, 00000000
0000 w,;0C,, 000 ¢, 00000 Wy(w;,w;,c,)000
oo Q,ubooooboodebnooyoon

[00B] ODO0D0O0OO0OO0 000000 Q,0W;0000000Q,0
oooooodooon G, 0000o0000o000o0ooo0o0o
(1— ) < (Wij —Qp| S(l‘i‘a)fi—x[D

WIN — |CP_QP‘

000wy DOOOO00OOO00OO0O0O00O00O0O0O00O0O0O00O00O0Oa0D
gbobobuoooobobboubobuodmubbooooobobd

01

m:[%] (4)
00000 «00000000000000000000000 200 (Q,—
w;,Qy,—w;) 00000 ¢0000|000000000O00000O0O0O00O00O0OO
0o0o0oooooooooooooooooodoooooooooood
goooouooobbbbbbbbbooooboooooooooooo
Joddooooooooooooooooooobbobbobbobbbuooo
goddooooooooobbbbbbooo2000000 10bbo 30
0ooooodooooooooobeionooooooooboooood

27



4.3 JUUoogooog

gbobooboboobobobooboboobobooboboobo
OO0O0oooooooooo (b-5)00ooooooooooooooooogd
000000000000 00o00 P00 40000000000 OOO
gbobobooobobuoogbbooboobobbooobboog3sbbooan
gbooboboobobobooboboobobooboboobobod
gbobodebUO0obObDbOObOO0ODbObLObObDbOObLOObOODbOODbOn
gbobobobboobobooboboobobobbobobboobon
gbooboboobooboboobbobooobboobbobboboboobn
gobobogogooood

4.3.1 JU0b0ObOooboooobboobbuoobbuoobbooobboobn
ggboooood

gbooooboboobobodboboobobboobobbobdenbU
gobobobobobbbbooooooobbobbbbobbbooooob42000
gbooboogbboboodbbuooobobuooobooobboooobbooon
gboooboobobobobobooboboboppPOb0ObODbODODLOO
gobobooboobobooobooboboobobobobobbobon
gboboogoboboobobooboboboboobobbobobn
O000000O0LMedSODO [42]00000000000000000O0O 140
gbboodgbodgbbuogobooobbooobooobbuooobooon
OrO0OCOOODOOOOODOOODOODOO

R= Z{(Uz‘ — di)* + (v — 0:)*} (5)

O0000xk0000000000000ODOO0000O0O0000O0O0000 (u,v)d
0000000000000 (w,0)00000000000000O0O0O0O00O0O
gboobooboobooboobbobboobboobooobooobg
gbooboobobobobooboboobobooobobobobdn RO

28



O NASHME - BBEEMITIRESN-5UFT—S
O HASHE - BEMEMITIRESNANER EORFHS
O SUER—YZEREICEFELIZR

BRFERER

BE#FHREDMzER/ME

U 14 0gboboogobobboooobobuoooooboo

gboboboobobooboboobobobbobuoboobobobon
gbobobooobobboogobbbooobobboobboobooboooban
gbobuoggbobuoogbuooobbuoogbbuoogbboodebbogn
gboboooboboodgoboobouabobbuoodgboboogbebboobbogon
gbobobooboobobuoboobobooboboboobobobon
obobooboobooboobd

29



4.3.2 D000O0O0bOOobOOOobDoOOobOoobo0obOoOn

gbboogbboooobbuoobboboobbuooobobuooobogan
gboboggobbooobbobboobobboobbboooobbooon
gbobbuooogobbooooooon

(CO1) booOO0O0O0oOooOoOO0O0O0oOoOoOoOo0OooOOOOoOoOooo
obhogboooobodbboobooobuoobboo pobbooob
,Ubo0doooooodooooooo , 0000000 p00O0O0O0
Oooooooooodoooo c,0b000ooooogono 7,000
gboobooboobgooboobobbobooboob

(002) 00100000000 DO0O0D0 POOODOOOOOODOOOOODOOO
obodbbpbooboobbOobbOo0obbOo0obbOoobooon
oboddobgbooobooobooonbon

(0D03) DD 1200000000000 0 POOOODODOOOODOODODODODO
OobOSObobooooboobobooboobooboboo soooonoo
gbogbogbobboboobogbuoobobbooboooobogbo
gbbbooobobobuoboboooobobuoobbboobbbuooobbobd

30



5. OO

gbbuogoboogbbuooboobbuoobbuoobbooobboon
gbobogboobogbooboboobboobbooobooobboogn
O000000ooooo0o0oooooooo (o yoooooooooog
0000000000000 000000O0O000ooDO (Do 2)oooD 1000
gbobobobooboboboobobobooboboboobobon
gbobuoggbobuoogbbobooogooboobooobboabbooon
290 0000000000000 0000000OD000OooooOoD 2000
gboogbobobbogbogbbduobuoobbooboobnbuooboonon
gboboboobobooboboobobobboobobobboobon
gbobobobooboboobdobobobobbobobobobbobon
gboboodgbooobuooobboobbooobbuoobbuooobooon
gboogbboodgbbooobboogbboooboboooobooobbon
gobodbboobbooobbooobboooboobobbuooobbooon
0000000 TsaiD OO [43]000000000D000OOOOOODOOOO
gbouooboboobobooboboobobooboboobobobon
obobooboobooboobooboob

5.1 000000000000O0ODOO00O0O0O0OooooOoD (Do)

00000000 [29000000000000000000000000O
Ooodooooooooooooooooooooobodoooonog 150
O0000000000000000 (Point Grey Research 0 Ladybug) O 00O
0000 (@ 7mmI00000000000000000000 1500000
O000000000000000000000O00000O0O0C000O00O000
O000o0O000000o00000b00b0000O0o0O00000b0000000
ledooooooooooiloooooooooooooooooooooonon
O0000000000000000000000 7vm00000000000
O0000300000000000 124000000000000000000

31



015 00bobbobbobodl Ladybug DD OO0

016 00boobobooboobooboibobo

32



— TAN—RBEBDAAT/IR
® ANEBROBEAME
=—> ANEROERT M

[m]

(4]

..

N
N
()]

w
()]

U177 ogl1oboobbobobobbobbobbobbobobobobobbdg
0o

U1 0bobboobboboobooboobd

000000000000 128
0oooool 72
00 AODOO Ty(0) 10
00BOOO o 0.2
0000000000000000000000] 5
001000 Ty(0) 5
002000 d(00) 5

33



000000
0D00000000000000000000000000000000000
000000000000000000000000000100000000
0000000000000000000 2m023m000000000000
000000011 0000000000 720x 4800000000000000
0000000 170000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000180000000 (a),(b),(c)
0000000000000000000000 22m,10m2m, 0000000
000000000000000000000042000000000000
00000000 1920000000000 [29]000000000000 210
0000190000 210000000000000000000000000
000000000000000000000000000000O0x0000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 190000000000000000000000
0000000000000 20000000000019000000000
000000000000000000000000000 190000000
000000000000000000000000000000000000
002000000000000000000000000000000000
000000000000000000000000000 2200000000
0000000000000 00000000000000 230000000
000000000000000000000000000000000000
0000000000 (b-1,b-2)000 (b-3,b-4)000 (b-5)0 30000000
0000000000000000000000000 (b-1)0(b-5)00000
000000030000

34



(a) 22m OO

(b) 10m 0 O

(¢) 2m 00

g 18 gooo

35



o o

o,

T Ty

— TARN—REEHDONAT/IR

X HASEEOEIE
NATHE - BBHER S

+ HEERSNEHASHE - BB

>
90m

(a) 22m OO

T Ty

— FAR—REEEENDHAT/IR

X HASEEBEOEIE
HAS B - BERE S

+ HEEShEHATHE - RS

% >

90m

(b) 10m O O

T Ty

— TAR—RBEEFHDNAT/IIR

X HWASHBEOERE
NASHE - RBEHR

4+ EEShEHASEE - LY

% >

90m

(¢c)2m OO

019 ooooboobooboo

36



X HASEHEBOEE
HASEE - RBRHE A
4 HEESNEHASHE - BD

WOC)OD

>
90m

(a) 22m 00

X hASHBOH(E
NASELE - BPMRE S
4 HERSNEAASE - £

WOO)(.\)

>

90m

(b) 10m O O

e —

X HASHBEOEE
HASHE - BBRHE A
- WESNEHASEE B

WOO)OO

>
90m

(¢c)2m OO

02 0000boobooboo

37



(=46, ]

[=3é)]

o m

—_— TARN—REEHON AT/ IR

X HASHBOEE
AATLE - BBREH R

4+ HESNEHASHE - LS

>
90m

(a) 22m OO

o e .

}{+

— TAR—ZRBEBEONAT/IIR

X WASHBEOEE
HASHE - EBERR

4 EEShEHASEE - LY

>
90m

(b) 10m O O

— A

—_— T AR—REERDHAT/IR

X HASEBOEIE
HASHLE - BBRRA

4 HEShEHASMHE - LS

0 21

>
90m

(¢c)2m OO

gboobooboobon

38



U2 000bbobobdodoooobobbuodoooobboobooooobn

oboooooon

0000 (0000
00000000000000 (%) | 100.0 63.6
0000000m0 1.1 42
000000000m0 0.7 2.3
0ooooo (@) 0.7 2.3
00000000000 0.3 1.3
0000000 (00) 1.0 1.8
0000000000000 0.5 0.5

03 000000000000000000 [0D0:0)

goog (bogo
b-1,b-2200 000000 108.26 0.54
b-3,b-4:0000000 65.67 25.76
b-5:0000000000 1.33 44.42
0o 175.27 70.71

39




fIEFRZE[m]
O = NWP,ALOOIO JOOO©WO

—

— RETE

—~—WERFE

0 5 10 15 20 25
F B — R RS A5 E D 0D B [m]

g 22

gbobooboobgooboobobbobobooboon

—~— REFZE

—~— ERFE

0 5 10 15 20 25
F—AR—ZEEHEHASE DO FE#E ]

g 23

gbobooboobgooboobobbobobooboon

40



5.2 1000000

019000021 000000000000000000000000000
0D00000000000000000000000000000000000
200000000000000000000000000000000000
0000000000000000000110000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000 22000023000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000

D000000000000000000 1.Am00000000 0700000
ARODOOOOOOOOOOODOOOODOOOONONONONONONONONONONONOOO
000000000000000000000000000CGO000000
00000000000000000000000000

000100000000000000000000000000000 300
0000 PCOCPU:Xeon 3GHz0 Memory:16GBO0 00000 175000000
000000000000000000000 (00 (b-1,b-2))00 1080000
000000000000000000000000000000000000
0000 (00 (b-3,b-4)00 6000000000000 (00 (b-3))00 10
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000

41



gbooobbgobboobboobboooboooboboobbooon
gbobobooboooobobbdobiobbooboobobbobon
gbooboboooooboobobobooobobooboboobobobon
000000000 (b-1)OOOOOOoo0ooooooooooooooog
gboobdoooobobooobobobooboboobobooobobOooobo
gbobooboobuoobobobobbobobbobobooobuooboobod
gboboboboobobooboboboboobobobobobobboobon
gbobobooboboboboboobobobooboboobobon
obobooobooboobooon

5.3 0000000 O00O0O0O0OO (0D 2)

00000000 10000000000000000000000000
000000000000000000000000000000000000
00000000000000000000000008mO00000000
000000030000000000000000 1250000000000
000000024 0000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000005mO00000000
(00D 640x 48000)00000 (6x 6=3600)0

0D0000000000000000000000000000000000
00000000000000000000000000000000000 (O
24000 1)0000000000000000000000000000 (024
0002)000000000000000000000000000 720 (36
D0x 200)00000000000000000000000000000C
DOoO06l0000000000000

42



—_— TAR—RIBEROHAT/IR
* ANEROERFELE
=—> ANEGROERFEAM

[m]

U024 00200000000000000000000O0000000DO0O0O0
oo

43



53.1 U0 100000000000

O0000oooo0o0o0oooo0oo0oooooo0 (Do yoooooo
gobbobbouotouooooooobbbobobbbboooug 20000
gbbogbbobooobbooobbuooobbooobboooobbooon
gboboooboobooboboobuobbobooboboobobobn
gbobooboboooboobobboboobobooboboboobon
OO0bO0o0booooboobbobooo0oboboobooooboogndetfon
gboogobodgbb2et0duoboooba2roggoobodbog 2800
googobobD2robb 280 00000000000000000000000
OO002000def0D0000000O000O00O00OO0O00O0O0O0OO0OO0O0OO
gbobobooobobooboboobobobobobobobbobod
gogboobooboboobooboobooboobobobobbo

gboooboobobooboboobobobobobobdbeghbobonO
goobob290000b00oboboobbobobobobooogoooooooobn
gboboobobooboboboboboobobobobobuoboboobon
gboboobobobobooboboboboooooobbobobobob
OO0000bO0ob00000bO LeGOOODOODODOOOOODODODOO
gbooogbbbuoggbbuooobbbobooobbooooobbooon
UbooboobboobboobodbbobaabO0bbooboobLoOon
gbobobuooobooboboboobobobooboboobobon
OOa,b00000O0O000O0OO0OO0O0D0OO0O0O0O0O00O0000O00000OO0
obobbooobooboobon

gglobooobobuogobooboodgbbuoogbooobbooon
000000000000 40000000000 7M9.3% 0000000000
gboodbbogobooobbooobbooobooobuoobbooon
gbobobgobooboboboobobobooboboboobobon
gboooboobooobooobuoobb14mb0obbOO0O0D 14000
ARO0OO0OODOODOODOOO0OOoO0ooOOooDoooboboooooboooDOoDoD
gboboggbuogbobboobbooobbboboobobuooobooon

44



— TAR—ZEEBDHAT/AR
* ANEROBEME
—> ANER OIS A
O HRBILEANBROBEME | ()

02 002000 10000000000000000000

45



U4 001000oo0bboogbboboboobboboobbooboon

00000000000000 (%) |79.3
0000000mO 1.4
000000000m0 2.5
oooooo (o) 1.4
00000000000 2.0
0oooooo(oo) 2.0
0000000000000 0.9

gbobobuooboboboobobuobboboooboboobobon
gbboogbboobodbbuooobbuoobbobuoobboooobbooon
goo

46



(a) dO O

SRS
TR T v v

(b)yed O

(c)fODO

gb1gboooboobooboobon

0 26

47



o b

I

I

) — TR RBEBDHATISR

! X HASEEOHIE
____L NASLE - BBRER

I

1

+ HEEShFAASHE - BY

>
(a) dODO
A
L
|
]
|
4 1]
0 2 — F AR REEBEOHASIR
m ! X HASHBEOEIE
_}_ NASHE - BBIRE R
pm— =T 4 RSN HASE £ Y
N
A\~ >
40m
(byeO O
A
L
4
0 4 — F—AR—ZEEHDHATIR
m I X AASEHBOHIE
_'L DAL E - BRI R
= I + HEEEShAASEE - RS
N
\ >
40m
(¢)fOO
O 27

ggl1oobodoooboboboooobobodgo

48



3
6
0 X HASEBOEE
B HASEE - BBER S
4 HEESNEHASHE BB
Ve >
40m
() dO DO
A
3
6
0,# X HASHBOEIE
= HASEE - BB S
+ HEESNEAASHE - BB
Ve >
40m
(b) e O
|
3
6
0 X NASEEOEE
E NASELE - BBER S
4 EEEINFHASHE B
Ve >

40m

(c)fODO

028 00 100b000booobgooboobobbon

49



(cyhOO

02 00100b000boobgoboobo

50



5.3.2 U0 2000000000

O00000o0ooOO0o0o0o0ooooo00 (Do2)poooooooooog
gobobobbbobbboogoooooooobosobbboooooooooon
gooooobbbobbbobobobbboobobobobbbbboboobbobbbbD
Lkl 000000000000 310000000000 32000000000
03000bogoboboobooobooobboobboobbbuoon
goboobodgg

gboboobboobbuoobboobbbadjoooboonoboon 34
gbobboboodgobbooobbuooobbol1gbbouooobbooan
gboobdobuoobooboboobobuobboboboboboobobon
gbobobuooboboboboobobobbobuoboobobobon
gbobdobgbcObO0bODbDO0ObODLDOODODODOODODbO 350
gbodboogoboggoboooooobooobbobbooobooan
gbobuoggbobuoogbboogbbboog20baooooobbooogn
gboboobooboboobobboboobobbobos3edbd 350
gboobobobooboboboobobobooboboboobobon
gbobooboobobob3subuobboboobg3suboobon
gboboggbobuoogbbuobooooboboobbooobbuooooboon
gboodbbuogobbooobboobbuoogboobooobbooon
gbobobobooboboboboobobobbobobobobbobon
gbooobbgobboobboobboooboooboboobbooon
gbouooooboboobobooboboboboobobobbobon
gbooodgbbouoobbobodgbbuoogbobooobooobbuooobooon
gbobooooobboooobbbooobobboodon

gg20b000bobuogobooboodgbbuoogbooobboboon
000000000000 S5000000000041.7% 0000001000
gboboboobobobobobobooboboobobobbobon
gbooogboubbobbuoobbuoogbooesmbbooonon 3.90
goboobobiluoogbobooobbboooobboo200bb0ogn

ol



— TARA—REEBEOH AT/
* ANEGOEELE
—> ANEROBREHA
O HECRILEANBEROBEGE | )

030 002000 200000000000000000000

52



s ug200b0bouogbboodbboboboobboboobbuooboon

00000000000000 (%) |41.7
0000000mO 6.8
000000000m0 9.1
oooooo (o) 3.9
00000000000 45
0oooooo(oo) 2.0
0000000000000 1.1

gbobooboboolgboobooboobboboobobboobon
gbobooboooboboobobobooboboobooooobobon
obooobobogobobooobboooboooboboo1l1oobboooo
gbobooboboboobobooobobooboboobooobon
gbobooboobooboobobbobboobooboobon

93



(b) kOO

(c)1lODO

031 0020000000000000000

54



40m

(a)il

—_— T AR EBFDHAT/IIR

X HASHBOEIE
NASHIE - BRI R

+ HEEShEAASEE- B

O

—_— TAR—RBEHDHAT/IR

X NASHBOHEIE
HAASHE - BEH R

+ RSN AASEE - B

—_— TAR—ZBERONAT/IR
X WASEHEBEOEE

HASHE - EPERR
HEESNFAASHE - RS

A
4
0
m
Y
(by kOO
A
h
I
]
|
4 i
0 !
m |
1
————— +
Ve >
40m
(10O

O

%)

32 00200000000000000000D0O0OO0



3 | -
6
OF X HASHBOEE
= NASHLE - REMEE S
4 HEShEAASHE-BS
Ve >
40m
(a)idO
A
) .y
6
;?# X HASHEOHIE
= NASHIE - EPRE A
4 HEESNEHASHE- BB
Ve >
40m
(b) kOO
A
3 i
6
J?# X HASHEOEIE
= NASHE - BBMERA
4 HESNEAASRHE-BY
Ye >
40m

(10O

033 00200000000000000000D00O0

56



(a) adO

dOo0d

(b)

034 00200000000000000D00

57



03 000000000 (Coon)

036 000000000 (Coo0o0o0ooooooon)

o8



6. UOQO

googuobobobbobodooouooobbbbooooobobobobn
gboboodbobooobobooobooobboobbooobooobooon
gbobuoboooboggbbooobboobbooobobuooobooon
gbobooboobooboboobobobobooboboooboobod
gboboobobobooboboobobbobobobobobbobod
gbooogbbuogdgbbobboobobbooobooobbooooboban
gboodbbooobuooobbooobbooobooobuoobbooon
gboboogbbuogdgbbuooobbuogooobbogbboooobbooon
gbobobuooboboobobobobobobboobobobbobon
gboboboobobooboboobobobboboboooobobon
gbogbbooobodgobbuooobbooobboobobooobboon
gbboogbbuoodbbuoobbuoobbboouoboooobbooon
gboboodgbbouoobuoogobooobbooobooobbuooobooon
goboboobobobouobobooooboboobobobooobobn
gboboboboobobobooboboboobobobooobobon
gbobobobobobboboboboboboobobooobobobob
gbobodgbbobodobboobbobooboboogobbo20bbodan
gboboggboboobbboobobbduoobbuooobobuooobooon
gboboobobobobooboboobobooboboboboobon
OoO0ooOoOobooO0oooOooboooboboOoboAROOOODOODOOOOOOO
gbooobbgobboobbooobboobbooboboobbuooon
gboobodgbbuogbuoogobooobbooobooobbuooobooon
gobobuooobbbouoooobboooooobood

gbooobobouobobooboboooobooboboobooboboo
Oooboboooobooooboooooobobooobobbooobbo0o0bDOoOsIFET-
descriptor U0 00 0000000000000 O000O0O0O00O00O0ODOODO
gboboggbbuoogbbuoogbobooobbooobbobbooon
gboboboogobbooobbboooouobbogobboobbooobgan

99



gbobobuoobooboboobobuobboboboobooobobon
Oo0o0oooO0ooooOoo0oOoooOo0oobooO0ooooDooOoDOoOoOn ARO
gboboooboobooboobobbobboobooon

60



HEN

gbbooobboooboobbuoooboobboobouoobboon
gbobobooobobboogobbuooobobboobbooooobboboan
gbooboobogdgbbuooobooobbooobooobbuooobooon
ggooboboboobobooboboobuoboobobobobobon
gboboobobooboboobbobobobobooboobobobon
gbobuogobbuodgobooobboobbooobbooobbooon
goobbogobbooobobboboobboogbbooobbooon
gbooboogbbobodgobboobbbogboobbabboouoobboogn
gbobobuooboboobooobobobbobuobobobbobon
goboboboboboboboboogbobuobobooooooooog
gboodbogbooboobobooboobboobobobbooboooboan
gbooobbogobooobboobobooobboobbuoobbooon
gboboggbobuoogbbbboooboooobbooobbuoobbooon
gboboobooboobooboobobboboobooboobb

61



Ooon

1]

A. Harter, A. Hopper, P. Steggles, A. Ward and P. Webster: “The anatomy
of a context-aware application,” Proc. ACM/IEEE Int. Conf. on Mobile Com-
puting and Networking, pp. 59-68, 1999.

M. Addlesee, R. Curwen, S. Hodges, J. Newman, P. Steggles, A.Ward and
A. Hopper: “Implementing a sentient computing system,” IEEE Computer
Magazine, Vo. 34, No. 8, pp. 50-56, 2001.

N. B. Priyantha, A. Chakraborty and H. Balakrishnan: “The cricket
location-support system,” Proc. ACM/IEEE Int. Conf. on Mobile Comput-
ing and Networking, pp. 32-43, 2000.

B. Thomas, B. Close, J. Donoghue, J. Squires, P. Bondi, M. Morris and
W. Piekarski: “Arquake: An outdoor/indoor augmented reality first person
application,” Proc. Int. Symp. on Wearable Computers, pp. 139-146, 2000.

P. Ddhne and J. Karigiannis: “Archeoguide: System architecture of a mo-
bile outdoor augmented reality system,” Proc. Int. Conf. on Mixed and Aug-

mented Reality, pp. 263-264, 2002.

00000,0000,0000: “000000000000000000
00000000007, 0000000, Vo. 32, No. 6, pp. 832-840, 2003.

Oo0oOg,boob: “RIK-GPSOO0OD0O0O0OO0DO0ODOOODODODO
ooobooobooboobooooboor,bobooboobobboobo
(MIRU2005) 00000, pp. 933-938, 2005.

000,0000,000,0000,0000,0000,0000,000
0,0000: “GPSO000000000O000000000NONNOO”, O
0000000000 (B), Vol. J84-B, No. 12, pp. 2254-2263, 2001.

62



9]

[10]

[11]

[13]

[14]

[15]

[16]

[17]

R. Tenmoku, M. Kanbara and N. Yokoya.: “A positioning method combin-
ing specification of users absplute position and dead reckoning for wearable
augmented reality system,” Proc. CREST/ISWC Workshop on Advanced
Computing and Communicating Techniques for Wearable Information Play-
ing, pp. 19-22, 2004.

E. Foxlin: “Pedestrian tracking with dhoe-mounted inertial sensors,” IEEE

Computer Graphics and Applications, Vo. 25, No. 6, pp. 3846, 2005.

0000,0000,0000: “00003000000000000000
0000000000000, 00000000 000000, MVE2005-
59, , 2005.

H. Kato and H. Billinghurst: “Marker tracking and hmd calibration for a
video-based augmented reality conferencing system,” Proc. IEEE/ACM Int.
Workshop on Augmented Reality, pp. 85-94, 1999.

0000,0000,0000,0000: “00000000000000
000000007, 00000000000000, IE2002-53, pp. 65-70,
2002.

D. Wagner and D. Schmalstieg: “First steps towards handheld augmented
reality,” Proc. IEEE Int. Symp. on Wearable Computers, pp. 21-23, 2003.

M. Mohring, C. Lessig and O. Bimber: “Video see-through ar on consumer
cell-phones,” Proc. Int. Symp. on Mixed and Augmented Reality, pp. 252
253, 2004.

0000,0000,0000: “00000000000000000000
00000000000000000007, 00000000000000
00O, Vol. 10, No. 3, pp. 295-304, 2005.

ooo0,0000,0000: “0CO0000000000000O000ODO00O0OO0
gboobobooor,boobobgb boboob, MVE2006-1, , 2006.

63



[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

U. Neumann and S. You: “Natural feature tracking for augmented-reality,”

IEEE Transactions on Multimedia, Vo. 1, No. 1, pp. 53-64, 1999.

A. Davison, Y. G. Cid and N. Kita: “Real-time 3D slam with wide-angle
vision,” Proc. IFAC Symp. on Intelligent Autonomous Vehicles, 2004.

0000,00000,0000,0000: “00000000000000
000007, 000000000000 D-I1), Vol. J84-D-11, No. 2, pp. 310-
320, 2001.

0000,0000,0000,0000: “00000000000000
0000000000000000000000000”, 00000000
000 (D-II), Vol. J84-D-II, No.10, pp. 2293-2301, 2001

R. Cipolla, D. Robertson and B. Tordoff: “Image-based localization,” Proc.
Int. Conf. Vertual Systems and Multimedia, pp. 22-29, 2004.

L. Vacchetti, V. Lepetit and P. Fua: “Stable real-time 3D tracking using
online and offline information,” IEEE Transaction on Pattern Analysis and

Machine Intelligence, Vo. 26, No. 10, pp. 1385-1391, 2004.

L. Vacchetti, V. Lepetit and P. Fua: “Combining edge and texture infor-
mation for real-time accurate 3D camera tracking,” Proc. IEEE/ACM Int.

Symp. on Mixed and Augmented Reality, pp. 48-57, 2004.

E. Rosten and T. Drummond: “Fusing points and lines for high perfor-
mance tracking,” Proc. IEEE Int. Conf. on Computer Vision, Vo. 2, No. 10,
pp. 1508-1515, 2005.

[. Skrypnyk and D. G. Lowe: “Scene modelling, recognition and tracking
with invariant image features,” Proc. Int. Symp. on Mixed and Augmented

Reality, pp. 110-119, 2004.

64



[27]

28]

[29]

[30]

[31]

32]

[34]

[35]

0000,0000,0000: “0000000000000000000
00000000000000000000000007, 00000000
000000000, Vol. 10, No. 3, pp. 285-294, 2005.

N. Snavely, S. M. Seitz and R. Szeliski: “Photo tourism: Exploring photo
collections in 3D,” Proc. ACM SIGGRAPH 2006, Vo. 25, pp. 835-846, 2006.

ooogo,0000,0000: “000000000000000000O0
oobooboooobooboooobooboobooobo,0obogoog
000000 (MIRU2006) 00000, pp. 249-254, 2006.

L. Naimark and E. Foxlin: “Circular data matrix fiducial system and
robust image processing for a wearable vision-inertial self-tracker,” Proc.

IEEE/ACM Int. Symp. on Mixed and Augmented Reality, pp. 27-36, 2002.

S. You and U. Neumann: “Fusion of vision and gyro tracking for robust aug-
mented reality registration,” Proc. IEEE on Virtual Reality Conf., pp. 71-78,
2005.

0000,0000,0000: “0000000000000000000
0000000000000 000000000”?, 0000000000
0000000, Vol.8, No. 1, pp. 119-125, 2003

M. Kourogi and T. Kurata: “Personal positioning based on walking loco-

”

motion analysis with self-contained sensors and wearable camera,” Proc.

IEEE/ACM Int. Symp. on Mixed and Augmented Reality, pp. 103-112, 2003.

G. Reitmayr and T. W. Drummond: “Going out: Robust model-based track-
ing for outdoor augmented reality,” Proc. IEEE on Virtual Reality Conf.,
pp. 71-78, 2005.

0000,00000,0000,0000:“00000000000000
00000000000007, 00000000000000000, Vol.
7, No. 2, pp. 129-137, 2002.

65



[36] Y. Kameda, T. Takemasa and Y. Ohta: “Outdoor see-through vision uti-
lizing surveillance cameras,” Proc. Int. Symp. on Mixed and Augmented

Reality, pp. 151-160, 2004.

37| D. G. Lowe: “Distinctive image features from scale-invariant keypoints,” Int.
g

Journal of Computer Vision, Vo. 60, No. 2, pp. 91-100, 2004.

38 00 00O,000,0000: “0C000000000000OOOOOOO0
0000000000000000”, 000000000000 D-II), Vol.
J88-D-1I, No. 2, pp. 347-357, 2005.

[39] C. Harris and M. Stephens: “A combined corner and edge detector,” Proc.
Alvey Vision Conf., pp. 147-151, 1988.

[40] K. Mikolajczyk and C. Schmid: “Scale & affine invariant interest point de-
tectors,” Int. J. of Computer Vision, Vol. 60, No. 1, pp. 63-86, 2004.

[41] R. Klette, K. Schluns and A. koschan Eds: “Computer vision: Three-

dimensional data from image,” Springer, 1998.

[42] R. J. Rousseeuw: “Least median of squares regression,” J. American Stat.

Assoc, Vol. 79, pp. 871-880, 1984.

[43] R. Y. Tsai: “An efficient and accurate camera calibration technique for
3D machine vision,” Proc. IEEE Conf. on Computer Vision and Pattern

Recognition, pp. 364-374, 1986.

66




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


