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A User Localization System
Using Invisible Markers and Infrared Camera

for Wearable Augmented Reality®

Yusuke Nakazato

Abstract

A wearable augmented reality (AR) system has received a great deal of atten-
tion as a new method for displaying location-based information in the real world.
In wearable AR, it is required to measure position and orientation of a user pre-
cisely for merging the real and virtual worlds. This dissertation proposes a user
localization system for wearable AR in indoor environments.

To realize a localization system in a real scene, it is necessary to easily construct
an environment for localization without producing undesirable visual effects. In
the proposed system, wallpapers containing printed invisible markers which con-
sist of translucent retro-reflectors are pasted on ceilings or walls. To construct the
environment for localization, this system contains a tool which calibrates align-
ment of the markers from captured images of markers with a high-resolution still
camera. A lot of markers are set up closely by the proposed system; therefore, the
user’s position and orientation are estimated exactly by recognizing the markers
using an infrared camera with infrared LEDs.

In this dissertation, Chapter 1 gives a perspective of the study on localization
methods for wearable augmented reality. Chapter 2 describes a process of con-

structing an environment for localization using invisible markers. In Chapter 3, a

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0561024, March 24, 2008.
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method to estimate user’s position and orientation is described. Finally, Chapter

4 summarizes the present study.

Keywords:

invisible marker, infrared camera, localization, augmented reality, wearable com-

puter

v



[

[

1. 00

(L1 D000000000000000]. .+ .+« vt v e oo
11 00000 .. ...
12 00000000000 .. ...

2 00000000000 0000000000000O0O0g]. ..
21 0O0OO0O0DOO0OOO0OOOOOOOO] ..........
22 00000000000 OO0O0OO0] «..........

1.3 00000000000 . ... .ot

L4 000000 .. ...,

2.

0000000000000000000000000d]

1 00000000 000000000000O000O00000]. .
22 00000000000000) ... ... ...,
23 0000000000000000]. .. ... ... ..

31 0000000000000000O0O00O].........

32 000000000000 O0O0O)..............
R4 0O0ODOO] . ...,
2.5 OO ..o

D00000000000000000000000

81 0000000000000 « .« ot vooieeeee
B2 OOOLEDOOOOOOOO]. .. .t
B3 000000000 .« . oo e
B31 0000000000 ... ...
B.32 00000000000000O000OOOO) ......
B4 000000000 .« . oo e,
B41 00000000000 OOOOOOO]..........
B42 0000000000 OOOOO]. ... ... ... ..

N e~ = =

11
14
21
24

25
25
27
29
29
31
36
40



3.6 00

0
o
)
O

vi

67

71

72



O 0O d

L 0000000, ... ..., 2
R 00000000 ..., 2
3  0000000000000000000)............. 2
5
5
5
5
6
b 0OoOoOoOOl ... ..., 6
10 D00000000000000000:Weavyl . .. ....... 6
1l 00000000000000000000000000000]
COOO0O000]. ... ... 8
2 0O00O0O0000000O0O0O0OoOooooood] ... ... .. 12
3 00000000000000000000000004] ... 13
4 000000000000000000] & .. .......... 15
s 000000000000000000000000000d].. 15
M6 IS-600 Mark2l . . ... ... ... . .. ... ... 15
07 ALocation™TI. . . . . . . .. ., 15
18 Hallaway DO DOODOOODO| .. ... ... .. .. ... ... ... 17
19 0000000000 .. ... 17
RO HiBalll . . . . . . . 18
21 Baratof OOOOOOO] . .. oot v oo 19
R2 0O0ODOOOO]. ... . 20
23 NaiamrkOOOODO| ... ... 20
R4 OOOOOOO]. ... ... 21
R5 0000000 . . ..o 21
26 ParkkOOOOO0O000]. ... ... ... ... 21
7 0000000000000000000000000000000] 26

vil



28 00000000000000] + v« vt v v v et
R0 OOO0OOOOO]. ... .o
B0 0000000000000000000f.............
Bl O000000000000000000000)...........
B2 000000000000000).. ... .. .. .........
B3 000000000 .« . oo oo,
B4 000000000000 .. ..o
35 000000000000000000000) .........
B6 000000000000000000) ..............
37 000000000000000(00000010000) ...
B8 000000000000000(00000040000) ...
B9 0000000000000 « . oottt
M0 00O LEDOOOOOOOO. ... .o
Ul O000000000000000] .. ..o ..
M2 O00LEDOOOOOO0OO0O0ODOOOOO0O0O0O0O0OO]. ...
M3 00000000000 .« .. oot
4 000000000000000%. ... oo ..
U5 000000000000000000000000000000]
M6 O0O0000000000000000000000000004]. .
W7 00000000000000000000000000000]

COO000000]. ... ...,
M8 D0000000000000000000000000000A0].
M9 00000000000000000000000000000]

OO0O000000000] . ...
b0 000000000000000000000000000040].
bl 0000000000000000000000) .........
b2 00000000000000] «+ . oo
bs 000000000000000] ... ... ... .

154

D00000000000/. ... ... ... ..

viii



b5 0000000000000000]. .. ... ... .. .. 63
b6 00000000000000000000000000000|. 64
b7 00000000000000000000000004]. .. ... 65
B8 OO0 OOOOOOO] .« v oot e e 69
b9 000000000000000000000)........... 70
O O

1l 000000000000000000000000000000/ 10
Rk 00000000000000000000000]........ 22
3 00000000000000) ... ... ... .. ... .... 32
4 00000000000000000000000004]. .. ... 40
b 000000000 .« ... 44
6 000000000000« .. oo v 53
7 _ 00000000000000000000000004gj .. .. 57

D0000000000000000] + ..« oo ... 59

1X



1. OO

000000000000000000000000000000000000
000000000000000000000000000000000000
0000000D00D00D [DSGPO3,ALOT040000000000000000
0000000000000000000000000000000000000
0000000000000000000000 (Augmented Reality:AR) 00 0
00000000000 [Azu97 00 98, [ABBF0I, [0 O 06b, [0 0 062, [HSHSOA]
00000000000000000000000000000000000
00000000000D000000000000000D00000 [TNAT04,
NWBT40 0000000000000 000000000000000000
0000000000000000000000000000D000D0000O0
0D00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000 00000000000000000000000
000000000000000000000000000000000000
00000000000000000000000

1.1 OJOogoooooboboouoooagd
1.1.1 J00O0O0

00000 (AR: Augmented Reality) DO 0D 0000OOCOCOOOOOOOO0O
gboboooobobogbbooobbbooboobooobbooonboo
0000000000000 0O00000O000O0OO0O (HMD: Head Mounted
Display) 0000000000000 (Hand-held Display)D 0 0000000
0000000000000000000000 (CG: Computer Graphics) O
gogoououoobbobobbioooooooobobobobbiooooogoon
gobodogouoobbobboobodooouoouobbobooooooaon
0000000000000 0000DO00M@PROooOo0DODo0ooOoooDoog



01 0000000 [SLGH96)

= T T O rrre— e v

15.625

03 0000000000000000000 [PBDMOT]

O000MRIODOOODDOO0OO0DODOO0O0DOOO0OO0OOOO0CGOOOOO
000000000000000000000000000000000000
O [LCNT93,[SCT*94, SLGT96, BWHNO7][D D0 D0 00000000RBO00O
D00000000D00000000000000 (00 04,00 05, PBDMOT
0000000000000000000000000000D000D0000DO0
[FMS93, Fri02, [GSBF07] 0 000 0000000000000 00000000
0000 |00 03, [HSHSOS, MThel6] 0 0000 OO0OO0O0O02050000000
0000000000000000MROOODOOOO [0O050000000
D00000000000000000000000000000CGO000
0000000000000000000000000000000D00000
000000000000000000000000000000000000




gbobodgoboodbbuooobuoobooobboobobooobboon
gbbbooodgbobbbooobbobuoooobbod

gboboggbbodgbbuoobooobbuooobboobbuoobbood
gboooboooobboooon

0000000 0D000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0D[2000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000 [KYO™96, 100 96,[00 990

gbooodt boodgbbooobbodbbuooobbobooobbao
gbobogobooogbobogobbuooobboooboobbooonoboo
Doogboobooboboobobgobooboboboboboobobo ,
SKT03, [ALCS03, [GCHHO03, KY04, [SSHOG) O D 0 0000000000000 0
00000000000000000000000000000 |00 04200
gboogboboogbboboobbooobbooobboooubobooon
goudgbbogbobgobuodgbogbboobuogbooobbo jggonan
gooogd

000000 0000000000000000000000000000
00000000000 000000000000000000000000
00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000 [[SSKF07000000000000000000000000
000000000000000000000000000000000000



gbobogboboooobobooobbuooobbooobbooboboodobo
gubbuoggbbuooobbuooobbuooobbuooobbuooobboo

[BN95, [SVTT00) 000000000

1.1.2 O0O0O40ggoboobod

D0000000000000000000000000000000000
D00000000000000000000000000000000000
0000000000000000000000000000000000

000000000000 0000000000000000000000
00000000000000000000000000000000000
0D00000@ARD OO MIThril[DSGP03] O QBIC[ALOT04 00000000
0000000000000 000000000000@O000000000

WIA-100NB[O O &) 0 00 @O0 0 O Eurotech 0 ZYPAD[Ew] 0D OO0 OO0OO0
000000000000 000D000000000000000000000
D00000000000000000000000000000000000

D0000000000000000000000000000000000
D000000000000RPIU0OO0D00O00ND00NDONoOooooog
D00000000000000000000000000000000000
0000000000000 0000000 [HFP9Y, SKCF01, [KK03b, DK02,

TNAT04, DO 070000000000 (TCDR0 00000000000
0000000000 RI000 Dahne 00 ARCHEOGUIDE[DK02] O 000
0000000 [INAT04|000000000000000000 (HMD: Head
Mounted Display) D0 00 000000000000 00000000000O0O
D00000000000000000000000000000000000
D000000000000000000000 Weavy[KK03b] 0000 D00
D000000000000HMDOOOODOODO0ODO00DO0000000
D00000000000000000000000000000000

00000000000000000000000000000000000
D0000000000000D0000000000000000000000



O 5 QBIC [ALOT04]

0 4 MIThril 2003 [DSGP03)]

O 7 ZYPAD (Eurotech)

0 6 WIA-100NB (DD ODOO)



i

(2) ERIRR OB (b) BB E BT
0 8 ARCHEOGUIDE [DK(2

09 000000 [TNAF04

Display
Camera
Head Tracker

C OHRP-150)
B,

() 0000000
(b) Weavy OO

010 0000000000000 00000:Weavy[KK03al



gboobboooobbboooobobuoooobbbuooobobboooon

1.2 DOoggoobobobodooobbbooooobobod

0000000000 0000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
0000000000000 00000000000000000000000
00000000000 0000000000000000000

000000000000000000000000000000000000
000000000000000000000000000000000000
00000000 [I@00000000000 MywMwew 00000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
00000000000000000000000000000 x = (z,y,2)7
000000000000000000000000000000000000
0000000000000000000000000000 ¥ = (z/y,2)’0
X (zo,y,,2) 0000000000000

(' y, 2", )T = Myulz,y,2,1)7 (1)

(v, 2, )T = Myun(z,9, 2,1)7 (2)

O0000O0000000ooooOoCoOo0oO0oooooooooooib)|oo
000000000000000000000000 (scry, ser,) 0000000
0 ¢,,6,000000000000000000000000 p=(u,v)00

scr, 1

S AR ¥
scry Y

T 2tan(6,/2) 7 (4)

7



(RABE D ESE A D
1—YRSEER REHY) REEEGEEHY) .=,

HREERD S
1P REEERAD
ZRITHI (B2 d U): M,

Y Zn ’ e

, /—_\* b

X ’ . TS
RS \\\\\\~_____+z’ i N

{RABMA D 1 FER R
L TOEEZE x=(xy2)

»O
REEME

t REEEH D 5 S
ZERATH) (B L) M,,, NN\ meE
A—FIRSEER (87 L)

IRABADBIRE D

R EEGREAL) p=(uv)
() 0000000000000 OOOOO

RIBYME D EHRE N D
FREEEREGREML) :p=(uv)

RIEYME D 1L —H 18 S BRI R
LT TOREZEGEGRZEML):

X = ()C ,’y x,Z ,)

ZZ’, »O
AR {RAR
I-FREEER - o
7, TERD Rk 1 — R SR

, B R

REMEOBESE o LTORERREDY):

] /. REREOEGEND ST )
REBMAEDEG FTOBE: e/ BEEEGEEHY) p,=(u,v,)

(hyOOOODOOOOODOoOooooooo

011 bDgooobobobobooboboobobooboboobobon
oogd



gobhodbboodbobbooobbooobbbuoobbebbogon
gboooboodgad

&
&
&\

B SCry (
“ = Stan(,/2)

|

SCry

) o)
R Wl

2tan(6,/2) = /) (6)
e = yJes2+e,? (7)

gbobobooobobobboooobbbuooobobbbode goboO

1!
e, = arccos ( X ¥q ) (8)

RYIESY

NESEN
<

3
IS

gooo
gboogbobgsooxeootdbbogecodbbg4sebboonbuoonbonog
gbobogbobooodgbbuogoboobbuoggbbuooobbooonoboo
0000000000000 0000DOoO00oDoOoDOoO00oOoO0o0Oomeo™
gbobobooooboboobobooobuoobooboobobobod
gbbodgbobooodgbbubbooobbuoogbbuoobobboobboo
gbooobogo
gbobogobooobbooobbuoobbuoobboobbooobood
gbobogbugobbooobooobbuoogbbuoooboooonooo
gboogobboobbooobooobbooobbooobbooobboo
gbbogbboodgbbuobbooobbuoogbbuoobobboobboo
gbobogbboodbbuoobbuoobbooobbobboobboan
gbooboodobbuoobbooobbuooboogbboobboooobbon
gboboboboggoobooodgbbooobbooobboooboogboo
gbobogoboodboboobbuoobobooobbooobbuobboon
gbbodgboodbbuoooboobbuooobboobbooobbood
gboobooboogbudgbliobobbobbobbobbobbobon
gbobogbbooodbbobbooobbuoooboobbooobboon
gboobooboogbbbooobbooobbooobobooobbooan



0 1 boobdogobdodgbododgbuodgboobodgboooboobo
(000 8ox6000 000000060450 000000O0O0O0ONO)

OO0O0000 (DoOooooo Oooon

O0gd 0000 ||0D0b00O |ooDb0o
100 8 mm 0.1°

300 26 mm 0.3°

o g 44 mm 0.5°

5m 700 61 mm 0.7°
1000 87 mm 1.0°

1500 131 mm 1.5°

2000 175 mm 20°

100 17 mm 0.1°

300 52 mm 0.3°

o g 88 mm 0.5°

10 m 700 122 mm 0.7°
10000 174 mm 1.0°

1500 262 mm 1.5°

2000 350 mm 20°

gbobogoobbuooobbbuooobboogbo2cbo00obbooan
0000000000000 00000 pooe)DooDo0o0booooooog
O (000 80x6000 0000000 60°,45°) 0000000000000 0O0O
Dod2e00000000000000O0DO0OOOOO0ODOODOODOOODOO0
gbbodgboboobboobbooobbuoogbbuoobobboobboo
gbobogbbooodobbuogoooobbuoogbbuoooboobooobboo
gboobboodbboooobogbobbuogbbooobooooobobao
00000000000000DOD0O00O00 1%0000000000000
Dboobooobooboobboobuoobbooborooboboon

10



0000000000000000000000000000000000000

00000000000000000000000000000000000
000000000000 00000D00D000000000000000 GPS
(Global Positioning System) 00 00 0000000000000 O0O0O00OOO
D00D000000000 [HFPYY, DK0OZ, 00 03, 0005 0000000
GPSOOO0D0O0D0O0O0O0O0DOOO0O0OODOONDODONDODOOOONOONODOnO

0D0000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00o0000O0oooooon

1.2.1 J00Ooogoobooooooboo

00000000000000000000000000000000000
0000000000000 0000000000000000000000
O00000000000000000000000000000000000
0000000000000000 InsideeOwt00000000000O0O00O0
000000 000000000000000000000
000000000000000000000000000000 [KKSOT,
KK03a, CRTM4D 00 0000000000000000000000000
000 [LVTF03, VLF04, SLo4, 00 05, 00 08 0000000000000
0000000 [KKSol, KK03a, [CRT04] 0000 M@O0000000000
O0000000000000000000000000D0000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
D0D00000 [KKSOLLKKO3a D ODOOoOooo0oooooooooooooao
O00000000000000000000000000000000000
0000000000000 00D000000000D0000000000oo
00000000000 [VTFO3, VLF4 D0 00000000000000

11



IN/STEE Hlﬁ@
D e =

012 0000000000000000000000 [KKSO1]

12



Nl | B =~
ANER
T [

SURT—YER | AR |

A N
B

| HASHE - EBORE |

ANEHBEDHASHE - EH

U 13 gbbobuooogbobuoooobbbuoooobbog [od o8

000000000000 000000D00000000D000D0Onooo
00000000000 D000D00D000000000D0ONoonoooooo
[SLO4, 00 0500 08 D000 M@U0O00N0NN0NN0NNooNoooonon
000000000000 000000000000000000000000
00000000000000000000000000000000000O
00000000000 000D0000000D000000n
O0D00000000D0000000 [DCK04, WKRO7, KM07] OO OO0
0000000000000 00000 SLAM(Simultaneous Localization and
Mapping) [TBF98, DPCT01] 000 0000000000000 000000O0
000000000000 000000000000000000000000
0000000000000 000000000000000000oonooo
000000000000 00000000000000000000000O
000000000000 000000000000000000000000

13



Oooo

00000000000000000000000000000000000
O00000000000000000000000000000000000
O00000000000000000000000000000000000
O00000000000000000000000000

00000000000 00000000000000000000000
D00D00000D0000000D000000 [LMO02,/00 04,00 04, Fox05,
HKY06, YKY07] 000000 0OLee D [LM02] 00 M@O000000O0OO
D0000000000000000000000000000000000
0000000000000000000000000000000FoxlinO
0000000000000 00000000000000000000000
NavShoe[Fox05| DD DD DD O0OO0OO0OO0OO0OO0OO0OMAOOOOO0000000000
000000000000000000000000000000000000
O00000000000000000000000000000000000
D00000000000 YKY0UOODOOODO0OO0O000ooooagoo
O000D00000000000000000000000000000000
000000000000000000000000000000000000d
000000000000GPSO0O0O0O0O0O0O0O0O0ONONONONONONONONOOOQ
0000000000

1.2.2 JO0OO0gogbooobooooobon

0000000000000000000000000D0O000Dnooooo
00 [WJHOZ Ind, DO)0D00O00O0D (00 03, VidD OO [BPOO, LECT05,
0006, 00070000000000000000@E000 InterSence O IS-
600 Mark2[lnd) 000 0000000000000 0000O000O00000O
O00000000000000000000000000000000000
0000000000000 0D0000000000000000000000
O0000000000000000000lmmO0D0000000000000
0000000 Vicon MX (Vicon) [Vid 0 ODOOODODOOODOO0OODDOOODODOO

14



EREBtE Y 3 ————
lertiaCube? SRTHAR Y

fisasr peremape - (Intersense, Inc,)
EDa—IL
= o=

(—@ )

patriot(Polhemus,Inc.)

014 0bobooboooooboo

000 LM g 15 dgoboooaboobogoobood

0000000000000 [YKYOT7]

e B ISR i
= — === ””ﬁ vt AirLocationZ= 1=
AN W .&‘ A -a!t\-\’\i E:K“ . |} \
- % e i 2 .
R . = . - | D RAALANSER
¥ ' FIBRFOY /1

TDOABIE | ZF T
| =3E

0 17 AirLocation™ T (00000 O
[Tuc] O000000000oDooooogn)

0 16 IS-600 Mark2 (InterSense)

15



000000000000000000000000000000000000
0000000000000D00000000000000000000000
000000000000 0000000000000000000 Outside-In
D00000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
000000000000 00000D0000000000000000000
000000000000 000000000000000000000000
0oo

O00D00LANODODOOODOOOOO (MACOOOOOOODOOODOOO
0)00000000000000 [BPO0,LCCT05,[00 06,00 07j00000
LANDOOODODO0OO00000000000000000000000
000000 PlaceEnginel0 0 06| 00000000000 LANODOOOODO
D00000000000000000000000000000000000
D000 LANODOOOOOOOOOOOO0OO0O000000000000000
D00000 m~100mO00000000000000000000000 LAN
000000000000 000000000000000000000000
0000000000000 00000000000000000000000
OD00IA000000 AirLocation™I00 b 00 000000000000
D00 LANOOOODOOODOOOOLANOOODOOODOOOOOOOO000O
D00Im~3mO0000000000000000000000 LANOOOO
000000000000 000000000000000000000000
000000000000 000000000000000000000000
000000000000 000000000000000000000000
00000000000000000000

D00000000000000LEDODOLRDAOOCOOOOOOOOOOO
0000000000000000000000000000000000000
000000000000 000000000000000000000000
D000 IDO000000000000000000000000000000

16



0 18 Hallaway O [HHF03)OOOODO 0 19 00O DO 04bj0000000
o0

0000000000000 000000000D00D00NDoNonoooooo
0000000000000 0000D00000000000000 [TKY03]O
00 Hallaway D 0000000000000 MO0OO0O0000O0O0O0000
D00000000000000000000000000000 [HAF3|00
D000@@O0O00000000D0D00000N0NO0ODononD 000000
0000000000000 D0000000000D000000000O0Od
OO0 0400000000000 000000000000000000000
000000000000 000000000000000000000000
0000000000000 000000000000 [MOKT04]0 Welch OO
HiBallWBVH01| 00 DORIODOODOO0 6000000000000000OO
0000000000000 D0000D0O0 LEDOOODODOOOODOOODO
000000000000 000000000000000000000000
00000000000000000000000000000000000O0
000000000000000000000000000000000O00nO
00000000000 0000000O0O0
O0000000000000000000000000000000000
0000000000000 00000D0000000D00D0oNooonoono

17



0 20 HiBall [WBV*01]

Inside-Out 0 0 0 00 [TCD*00, KLKT02,WS03|0 0000000000000
0000000000000 000000000000000000000000
00000000000 00000000000000000000000000
0000000000000 OOBaratoff0 [BNRO2O OO D (00 04) 00 RO
000000000000 000000000000000000000000
00000000 0Baratof 00 0000000000000 ARToolKit[KB99)
OD000000OARToolKit 0000000000000 00000000O0
D00000000000000000000CGOOO00000000000
00000000000 0000000000000000000000000
00000000000 0000000000000000000000000
000000000000000000000000000000000000
D004 0000000000000 OIDOOOOOOONOOOONOOOOOn
00000000000 000000000NaimarkD [NFO2 OO0 RIO OO
000000 IDO00000000000N0ON0NDOON0NON0ONONooooon
0000000000000 000000000000000000000000
000000000000000000

18



0 21 Baratof 0000000 [BNROZ]

00000D0D0000000000000D0D000000000000000
000000000000000000000000000000000000d
0000000000000 RIPREO0000000000000000000
O00000000000000000000000000000000000
0000|0006, 0007000700000000000000000000
O00D000000000 [PIlP040000000000D0D [DO0 06000
HMOO000000000000000000000000000000000
0000000 0007000000000 00N0D00NON0Nnoooon
O00000000000000000000000000000000000
O00000000000000000000000000000000000
0000000000000 0OoooO

O0D000 ParkO [PolPO4| 000000000000 DO000O0ODOO0O
O00000000000000000000000000000000000
000000000000000000000RAO0000000000000
O00000000000000000000000000000000000
O000000000000000000000000O000D00000ooa
O00000000000000000000000000000000000

19



(\ . ."""; = O:l‘/l:'%—-y:u
- < KW (55 =4 <7

(000000000 (b) 0ODOOOOO000
a

022 0000000 |00 o4

OO

) Naimark 0000000

(a) Nalamrk 00O 0OO0O0O

0 23 Naiamrk OO 000 [NEO2]

20



13 1 3% B ok Ny NS XY
:,:._"‘..;‘,':' wtzr;afj; B4 N
I R e I R T B A
TRl X Fe Nk ARG AP
i Ede Py Ve Py At it O
‘alslaly Fel\Felo -ty
TalbiiaZ v Ve Se Ay puapdn

-

U 2 0ooogdao
024 0000000 |gg o6 go o7

() 000000000 (hyOoooooooo

026 ParkO0O 000000 [PolP04]

gbooboobuoobobobobboboobooboobooboobo

1.3 0D0oogooobood

0000000000000 ooooo0ooooooooooooCoROO
ggbogbboogdgbbooobbuobobboogbboobbooobboo
0000000000 LANOOOOO (MACOODOOOOODOOOoOoOoOO)
0000000000000 00000000000000000o000g
ggbbodgbboodgbbuoobuoboboboobbooobboobboo
oooooooboobooboboobooboboobDoobooogn Outside-In O

21



U2 0ugdooooogoooooogdooood

A—YhE- &

SAEUB A FHAEE TES [REA DIRAR M
] sﬁ(rlz t A o
A MREET, e g 2yt .
< e Im~ e g eI hIiE &= Al S Fik
S| 2ria RENEWT S CHBEDDBED Y
% (I A
L HhAZ 5mm~1m e 2 .
(Inside-Out) L/ =255 BB D ERINE,S LB
(1) o
45 E;
RELANOBH | 1m-~100m o BE7 DRI S
toUE it
(v) @) A
AR 1Imm~1m NASEZE R A,
A | (Outside-In) wELEES SfisA > 7 7 neE
D
= V) A
Z | BEERt: Smm~1 - — s
B | e [T © SilisA 7 SHLE
Y
(VD) A
) Imm-~3m © Sl A 27 SHBE
(V1) o
Ef&~—Ah -~ Bk A
+ hAS smm-~1m Eagﬁf_ié %Eﬁ%’:?ﬁhé
(Inside-Out) -

22




0000 (v,V)OOOOODOO0O000000 Outside-In0 000000000
gbbodgbboodbbuootoboobbuooobboobbbooobbon
gbobodgbboodbbuoobboobboooboobboobboon
gbobogdgbboogbbbogobbooobbuooboobbbobao
00000 Inside-OwtO0O00O0O0 (ILVLVI)OOOOOOOOODOOOOOOO
OO00000D0O0 Outside-ln OO0 O00OD0OO0DODOOODODODODOOODO
gobobobbbbbbbbtbooddoudgoooooobbbbbbbobobobbb
Inside-Out 0000000 0OOODOOOO

Inside-Owt OO0 000000000 DOOODOOOODOOOODOOODOOOODOO
0000000000000 00000000(vipoooooooooooo
00 (MHoo0000000 (Hooooooooo0o0O0O0O00o0ooo0oooo
gboouooobogbooboboobobuobbobobbooboboboogon
gbbogubbugobbuooobbuooobbuooobbuoobobbao
000000000000 000000000o00oooooooooon (v
gboodobbuogoboboobbooobbuooobobobbuooobboon
gboboguboboggbobobooobobobuoobboobboogboo
oboboobooboobooboboboboobooboobon

gbobooobooobbooobbuooboboodobuoobbooobboo
gboobboboggbboogbbbuobooobboobbbuoooboboo
OO000OO00000ooobDo0obOoobOobod Inside-OwtO0oooonDOO
gbobodgbuogoogobbuogobbooobooobbuooobboan
goobogbuogobbooboooobbooobooobbuooobboon
gbbodgbboodgbbooobbuobbuoogbbuoobobboobboo
gbbogobbuogobobobbuoodobbooobobooobbooon
gboboodgbbuooobboobbuodgboogbboobbuooobboon
gbobogbboodbbodgbbooobobbuooobbobogobbao
gobogobboodbbobbooobboobbooobobobboon
goo

gboboodgbobooobogboboobobobboobobobodobo

23



gbobooobooodbobuooobboobuogobboobboboobboon
gbbodgbboodbbuooobbuooouooobbuoobobboobboo
gbodgbobogbbbooobboobbboobbooobuooobbood
gbobogobobooodgbbuooobboobbooobbuooobboon
gbobogbouogobboobuogobboobobooobbuooobboon
gouodbboboooboobobooboobboobuoobbooboobon
gbboodbboodobbboobobooobooobbobooobbon
gbbogbbuoodbbouoobooobbbooobobbuooobboooboo
gbobogbobooodgbbuooobbuoobuooobbuoobobobooobboo
gboboggbbogdgbbboboobboogbobuooobboonbobog
goobodgd

gboogbooboboobobboboobobuobooboboobobog
gbbogobbodgoboobbuooobbooobboooobobboan
gbooodag

1.4 O0OOO0OO

gbboobogbbodboobobuoobboobbuoobbooboon

gboobboodbbooobbbooobbooobbooobbooobon
gboboboobooboobooob2000buobuogoboobooobon
gbobogoboodbbuobobooobbuogbboobobooobboon
gooboogosbbooooobobbogoobbboooobbobuoooon
gbboobogobboodgbbboboodobbuooobbboooobbo
gbboobbuboogbbooobbboooobbobbbuooobboo
oooboobobooooob40b0obooboboboobobobobon
gboooooaon

24



2. oo ooboooobooodboooogon
HEN

21 J00ggoooooooooboobbbbooooodood

goboboogbboggbbuoobboodboboobbooobbuoon
ooobooobobooboboboboobobuooboboboobobon
gbogobbuoodoobbboodobbbooobobbuooobuooobbon
gbobogboboodgbbuooobbuoobuooobbuooobooobboo
ooooooOoOoOOCOOOOOO0OORIOODODOODOODOODOOOODODODO
gbobodgboobooogdbbuogobbuoobbboobbuoobbuooooon
gboobooooboboooobbbooooobooon

gboboodobboobbooboobboodobbooobboobboo
gbobobuobogbobodgbobuodbobobuooooboboobbobo
gbobogbobooogbbooobbuooobbobbuooobbooobboo
gbobobodgbbogobbooobuoobbooobbuoooboboon
gobodbogbbboobooboobooboboobooboobboon
gbboboboodgbbbooobboodobbooobbooobbbooan
gboobodgbboodbbuobooobbuoooboobbuooobboon
OoobogIboobogboooboboobobobooobobooboboon
gboboggbbobooobobbuooobboobbooobboboboon
gbobogoboodbbuogoooobbuooobboobboobboon
gboobobgoooboboobobuoobobobuobbobooobod
gbbodbbuoogbbodgbbuoobboobbooobboobbon
gobbbuoodbbbuoobbooobobobuooboboooobbooaon
gbobogobobobbboobbooobbooobbooobbooban
gboobogggooobod

gboogbooooogoboboboboobobobbbobooboboobo
oobobobobooooboboboLeEDOOOOOOODODODODOO
goobbobobogbgooboboobugbobobboouobooboboo

25



RIRWME

( EmE f FART—HEHEMS \\
LT 4
| REAET— N O %:

EfFEREY 1

Il FARI—HO */ RART—H ORE
7

FryJL—o 32

FeYJL—oary—IiIizkd I/
Q J R HEREERER — B

T—HREWE (EI—HO=RIME - £5)
A—HONE - ZEHTE

- - TS |
A—HHE - BEHETE
/X%Aw%ﬁ

Ly
RART—A

S~ AELEDA =
wognAs S ' )

J.—'H’{:'LE £% (UDPor £B A EYIZHA)

g 2r ggbogbooboobobobobooboobooboobon

26



() 000000 (00000D00000) (bhy0DODOOO (00D00000000)

U028 000ogoobooooogn

ggbbuooobooobbooobbuobbooobboobbuoooboo
0000000000000 0000000000000O0 UDP(User Datagram
Protocol) D00 0O00000D0OOO0O0O0OOOOOOOOOOOOOODOODOO
gbobooobooobooboboobboobboobboooboooobo
gboobuoobuoobuoobooboobobo

22 JOoooooooooooon

gboboboooboboboobobobooboboboobobobg
oooRRU00oOoQoooooOoDoOoOoU0O0OOOoOoOoOoOOUDDDOOOOOO
ggbbooboboogbbuooboodobbuooobbuoobbooboo
gogbbooggbbuooobbuooobbooobbuooobuooobboog
ggbboogobooogbbooobuoobbooobbuoobobooonbboo
gbgbooboboobobobooubbooboboooboobobon
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goboobobooboobooboobboboboobuooboob NxNO
ggbboogbbobobbbuoool1boogobboobbbuooobboo

27



() 00000000 (OoooooO)

() 00O00D00D0O00O0000
(0oooooo)

U2 gboooboogogn

goboboobgoobobbooboobobboobuoobob40b0 1000
gbooboboobob3sobobooobooboobobooboboobo
CRC(Cyclic Redundancy Check)Wil93| D 0D 000000000000 OOO
ooboooobooboooIbooDobooboOobOoboooboOoocrCcOd
00000000000 CcDOO0D0O2Y-4+CgonIp0000nonoon
gbooobon
gbooobboobooboobobooIbbbobboobooboobbo
ggbboobobliooggbbbooobbbuoogbbooobbooobon
goboooboobooboo Ibbobgobobooboobooobboobon
gbgobobooboboobobooboobooboboooobobo
ooooooogoocrcOoboboobooOoboOoboOoooobooooDoooID
goboooboboooboooboobooboboboobooboboobobooooDb ID
gbobogoooobo Ipgoooobobobgoboobo Ibobgobobgoobon
ggbbobbooodgbbugbooobbuooobbuoobobooooboboo
IDOO0O0OO0bOO0bOobOobOoboooboobobooboboboobobOobnon

28



ooOooboobooboooboboobo Iboobooboobobooobobooo
oboboobobbOoboobobbooboooboboobobbobon
gbbodgbboodbbuooobbuoobuoobooobbuooobboon
gbobogbobooogbbuobbooobbuooobbuoooboboooboboo
gboboobogobobbogbbooobbooobboboobbooan
gbobbuoooobbbooobooboogobobobuoooobbooo

23 J0oboooooooooobobod

gobbogbgobbuooobbuooobooobboooboboboao
gobogoboboodgbobogbooobbooobbuoooboboonooboo
gbooodgbgboboobobobobooboboooboboboobobod
gbbodgbboodbbuooobbobbooobbooobbuooboon
gbbooboooobobboooobbbuoooobobod

23.1 J0bbObuoooobobbooooboo

gbobogobuoogbobuobodgboboboobobobooood
gbooboogboobobodboboobobooboboobobbon
gbobogbuogobboobbooobbuooobboobboobboon
OOooboobooooboboooooocrCcuobbbooooobbooboooDo
[bDogboboobbooobooobooobboobboobbooobd
gbobogoobbogoboobbuooobobooboooobobuoobood
gbooboooooobood

gbobbuodgbgoubobodbobbobobobobuooobboobon
O00000000000000000B0()) 0000000000 AddO0OO0O
gbobogbobooodbbuogobbobbooobbobobooobboon
ooooboobuoobooiboboobobooboobuoobooboboooo
oooobogoIibobooboobooboooobooboobuooboboooo
gbbogtobbuodgbobboobooobboodgboobobbuoobobboan

29



Marker Wallpaper CGalibration Tool — Load marker—wallpaper definition files.

Load marker-wallpaper definition files.

[ add ] [ Dielate All markers are on a single plane.
fM\lVCTcs¥data¥WalIpaperIBSF_‘I 90313_1 2xm| 9 3 4 &
'1 8B1BE A1C86 apl
=MVVDTcs¥data¥Wa| IpaperIBSF 19531302 mI
WIS Tos¥datadital paperIE2F 1931302 xml 19BE7S B1208 33683 BA
iMWC Tos¥data¥iiial lpaperIB3F _19G313704 xm|
MW Tos¥lata¥al paper B3 19031305 xml GezeF 185FT1 189EFT g
MWC Toe¥data¥WallpaperIB3F 19CG313 06 xml 10720 1447E7 15F440 [s]=
MG Toe¥data¥niallpaper[B3F _19C313 07 xml
Em%Fsigataiw‘aIIpaper%ggg ]Igggjlg_ggxml E7?28 G313 164084 19¢
i ce¥data¥'Wallpaper. xm
MG Tes¥data#iallpaper IB3F 1 0G313.10%ml 148407 13F243 Dagea 17
WG Tos¥data¥iial lpaperIB3F 19531317 xml 11B2FF 199640 30CFD a3t
27333 F3BCE 1G04 188
BF&4F 126085 198867 165
123466 TMTEA 1F40E6 1B:
10aFAD L ) D#c9 A6
q084B 3E2F3 1C7DEA 170
B95E 464CF 84381 1CE
BDT4B 1CDESS 1302DE 352
15142 175929 196CED Ba: e
< k2 < | >

=] (=

() 00000000000

Marker Wallpaper Calibration Tool — Load camera parameter and

Load camera parameter.
|nents and Settings¥yuuzu-rn#Eky Documents¥Vizual Studio Projec:ts¥M'\l\.lCTc:S¥data¥cparaU??DSmeI| [ Laad ]

Load images.

idio Projectz¥MWCTos¥data¥for LocalizationPart€P2010418 PG ~
idio Projects¥ MG Tos¥data¥for LocalizationPart¥P2010419 JPG =
idio Projects¥ MW Tos¥data¥for LocalizationPart¥P2010420 PG
idio Projects¥MWCTos¥data¥for Localization ParteP21 30001 JPG
idio Projects¥ MG Tos¥data¥for LocalizationPart¥P21 30002 JPG
idin Projects¥ MW Tos¥data¥for LocalizationPart¥P21 30003 JPG
idio Projects¥MWC Tos¥data¥for Localization Part¥P2130011 JPG —
idio Projects¥ MG Tos¥data¥for LocalizationPart¥P21 3001 2 JPG
idio Projects¥ MG Tos¥data¥ for Localization Part¥ P2 3001 3 PG

idio Proj ¥M da #forL o Part¥P'21 h,

idio Projects¥MnC Tos¥data¥for LocalizationPart¥P21 3001 6. JPG
idio Projects¥ MW Tos¥data¥for LocalizationPart¥P21 3001 7 PG
idio Projecte¥ MG Tos¥data¥for LocalizationPart¥P21 90001 JPG
idio Projects¥MnC Tos¥data¥for LocalizationPart¥PI010004 JPG
idio Projects¥ MW Tos¥data¥for LocalizationPart¥PO01 0006 JPG
idio Projectz¥MWCTos¥data¥for LocalizationPart¥P901 0007 JPG
idio Projects¥ MG Tos¥data¥for LocalizationPart¥PI01 0008 JPG
idio Projects¥MWC Tos¥data¥for LocalizationPart¥P901 0009 JPG
idio Projects¥MWCTos¥data¥for LocalizationPart¥PO01 0010 JPG
idio Projects¥ MG Tos¥data¥for LocalizationPart¥PI010011 JPG [ ]

idin Projects¥ MW Tos¥data¥for LocalizationPart¥P901001 2 JPG
Start Calibration

idio Projects¥MWC Tos¥data¥for Localization Part¥P901 0013 PG
idio Projecte¥ MG Tos¥data¥for LocalizationPart¥PI01001 4 JPG

idim Proiacto ¥ MW TaodA st 2dimr ]l amalizaticn Paetd PONTANT R 1R

b >

IE4

[ Prev ] [ Exit

() DODOOODODO0O0O0
030 D0Dboooooooogoooooobn

30




BRET—NOME- D, T—HEZER,
ﬁ}%ﬂ%ﬂ/\"%%—f«, Y—hEREHER
X —hERH

HASHE - BB
}
X—hiaE- EBHEE
!
R—NFEHEROLTED

ST
!

Y—HEEFR
(BY—HDIRTHE-LBE)

U031 0bbobuggobobboooooboboogd

gobbobbouogogobbboobobobbooogbbooooooobooon
000000000000 0NextOOOOOOOORMM)ODOOOOODOODO
O0D000Db000000 LeadODODOOO0OOODOOOOODOODOODOODOO
OOoobooooboobbAdd0bbOdoooooooooobooobogog
O Start Calibration0 0000000000000 0O0OO0OOOOOOOODOO
gboooboooobbooboooon
gogbogobbooobbuooobboobooo 1bbogobbooon
gbboootobbodgbobobboobbooobobboooboobboao
gbobodgbboodbbuoobboobuooobboobooobbood
gboboboooobobboooobbobuoooobood

232 J00OO0OoOoOobobObOOoOoon

0000000000000 ooooooooBIOOoOooOoOon
oooooooboobobooooooboobobobobobooboIibooon

31



g3 ugguobobooogbood

goooobood
0000 [mm] F
CCDOOOO [mm)] cedy, X ced,
O0ooo 0O] SCry X SCTy
000000 [00] (co, )
gooooo Sz
0000000 [mm2 mm™? ki, ko
gogooooo
0000 [radian] (r1, 72, T3)
000000 [mm] (t1, to, t3)

OO0IbO00oOO0obO0o0ooO0obOOoOooOobocRCcObDObODOobDOoOooDOobDDOoDO
ooobobo4b00bo0boooboobooboboobooboboobn
000000000000 0o0U0ooooooO00UooooooUdOU (oo
gbobogobbuogobboobobbooboboooobbboobbog 20
00)00000000000000000000000000000000OO
gobogbodbobboooobooobobbooobbooobboboon
gbodbdudgbudgboobobboboboobbobbobboboboooo
gbobogobobdobbboobbooobboboobbooobbooon
gbobogbodbbooobooobooobbbooobboobboon
gbobhoggbboogbubobooobobboobbobobbuooobboo
gbobogobbogobbooobbooobooboobboooboon
obobooboobooboobobboboobooboon
gbbuodbbooodbobooboobobbbuoobbuoobboobood

gbboobuoodobd bbobobodbbbuoodbbooobobbood
gbbogobbuogoboobbooobbooooobbuoobobboon

32



R—NERRDONATEZRR

~DEBITH M, v—hEER

v

Y—hEDEEAEp

HASEER ¥R pOEBREAD
N SR ERE x = (x, ) 7
HAERR
/

HREFERDONATEFERANDERITII M

032 000000000000000]

BOoOO000O00O00O0. 0000000ooooooooogn F,CcCbOn
00 cedy,ced, 000000 scry,ser, 0OOO0O000 ¢, ¢,, 0000000 s,
000000000k, ke O TsaiD0O0O [Tsa6)| 0000, 0000000000
0000000000000 0000000000000B2000000000
0000000000000 00000000000000O0OMODODOOO
O000. 0000000,0000000300000000 (r,m,13)000
000000000000000000000 t=(t1,t,t3)70000,000
Ooo0oboooMODODODODODOO.

myy Miyz2 M3 Mg
Mo1 Mo M3 MMog
m31 M3z MM33 M3q

0 0 0 1

33



CoC3 + S1S59S3 C183 —S89C3 + S1C9S3 tl

—C983 + S189C3 C1C3 S953 + S1CaC3 t2

= (10)
C159 —S1 C1C2 t3
0 0 0 1
oodn
§1 =sinry, Sp, =sinry, S3=sinrg
€1 = COST1, Cy = COSTy, C3 = COST3 (11)

O000000,0B32000000000000000p00000000000
O00000s=(X,Y,2)'/00000000000000000 ¢=(X",Y",Z2)T
gbooboooobbboooobbbooooboobooooobooon

X/ X

Y’ Y
=M (12)

A Z

1 1

gbbogobobbogoboogobbdpubbdctgbbboogn
O00x=(z,y) DOOO0DOO0OOOODODOO

scrp, X'

o scryY!
) = (20 P en =20 k) (13

OO0 x00000000000bO0b0oboooooooouoDpooodece
0000000000 =x=(x,y)DO000O0O00O0O0O [Tsal6]0

() = (L4 ki + ko) — ) + co (L+ kar® + har®) (5 — ) + ¢, )(14)

"= J(sjjf;@—cx)) + (0 a) (15

gobbodobobbuooobboobbboobboobbooobbon
Oobo0 fOo00b0O0obO0obOo400b00ooobooooboboooDo
UbbOpldbbbuoobbuooobbuooobbooobbbooobboon

34



00000000 (0 (M) 0o0o0oooooooOo00D0oooooooooO
MOOOOOOOOOOobDOooooooobooo

Rpp = > %y —xp/° (16)
E; = Y Rpp (17)
P

O0000B30000000%x, 00000 fO0000O0000CO»0000
O00x, 0000 p000000000 fO0C0OO0O0O0O0O0O0OCOOOO0O
foooobcoooM,00000600000000C0O0000000O0O0DOAOG
000000000000000000000000000 [p0eooood
gbobogubogobbugobbuooobobuogobbobobbuogboo
gbooboooobbboooboooobbbooooobobbooooboobobn

1. 000000 0900000000 0ooooO0O0o0o0oooooooo
gbbooodgbobboodan

2. 0000 1000b0bbo0o0obobbuoobbbboooonbbed
goooo

3. 0000 20000000000000000O00L0Levenberg-Marquardt
0O Mo7§/ 000 E,00000000000D000D000O0DOODOO Ef
oooood M,00000

gbbogbgoobbd boobobbduoobbooobbooobbbao
gbbogboboodgbbuooobbuooobboobbobobboobboo
UpbbO00oobbuooobbogbbobuoodb pboooobbooon
OobOo0ooob fOO0O0D00ODO0ODOODOODOODODOOOOOOODO
Oooboooobooboooboboobobobooobobooobo Mycd O
000000000 fooo000oobooM,000000000C000O000O00
obobooboooboobooobobboboMUonbgon

My = Mpmc ™' My (18)

35



BRA p D3R T EE
Bifg £ ~RBLI R x,,

B
\ R—DLDOBEARp
c/v © DIRTTEERZ: S,
e °
S pD
\\
Efg LT Z X,
B fERELE B AR LTORR : X,

HASOEZERID
v’ = ~ 2
BIRFERE R, =‘x/p —X/p‘

033 0gooooboon

gboboggbbodgbbooobooobbuoobbooobbooonbod
gooooboboboboooboooooddoddoooooobbobobobobooboobobboD
gboboobbuogobboobbooobbuooobboobboobboon
gbobbuoodbbooobbbuobuooobbuooobbooobbobao
gbobogobbuogbdobbuooobbuoogbbuooobooobboon
gbobogbdobobogobbooobboogbboobbuooobboon
gbooboooobbboooobobobuoooon

24 0J0O0O0OO

gobooobbodbboobboobbuooobooobboobood
gbobogobbogobbooouobbooobbooobboooboon
O000B0o0oooo0g8emOOC0OOO0 1I6emO0O000D0O0O 1600
OOo00o0bOobobooobOoboooooboobuoboobboOonD N =50CRC
OOoobooooo cCc=3000000 IbOobob0obooobooooooIbboO
0218=26214400000 100000000000 IDO0OOD0OOOOOOOO0
gobooogobbbooobboooobboooosmuobbooon

36



16cm

A - R
. . ’ cm
E. i i .-
| i L
Al |
) e
. y u | ' = |
BTN N e

80cm

034 0ooboogbooboob

gbobogooboobbuogboobboobooboobobooboobbo
ooiboobooooooboooooooooocrCcobobobobooooooooo
goooooibbooogoboooobooboooobobooooboobooog ID
gobobobobobobobobobobobobobob3iox400o0ood
000000ooooOoBIDOo0DOoO6m?0000000000000000
gobooobooobooogoboogbobuoobbodbbooonobooboDo

gbooboobbooboooboobbuoobboobboobbuoobbs
gobog2000b00b0boobbooboooboooboobobod
U0 B3gogoboobbooobuoorgobbooboobboobbod
goodooggoobbbbboobobbbotbdddooooooooobobobooo
ggbbooobooodbbuooobboobbuoooboobbuoonoooo
gboooobooo

gobodbbuoodgbooobbuoobbuooboboboobbobbood
000000000000000BA0O0O0000 1000 (3072%x230400)00
00000000 p770SW(Olympus 0) 00D OO0 0OO0OCOODOOO TsaiO O

37



03 00000000000000(ooooog)

%) B
l

|G e |
HERmmE
i\

38



15
X X X X X X
1 | o g W g .|
05
T 0 [Kesatisssspinsessniaiisesinnnssnnkniisatnnnnnei] e s o ekt ok i i i o ettt e et L ntmbtnie i >
=
~05
X X
B S B SO SO W ¥ oo LA A A A A
15
S S £ Y-
-25 %
Y—hiEEhE
e +RET—DE
. X X—H{LiE (EiE)
-35
-22 -20 -18 -16 -14 -12 10 g 8 0 2 4
037 00000000000 0oo(ooogo1oooo)
15 =
4 ) < 4 X X X
g R i i R L A ll
05
£ 0 [iNesdisssiisesssssssnaseiiiessenpinkisaanananatiyesinasninntiinnars: R B e e ittt x|
>
~05
X X
U T e P Ot MU Py 2 AL A i 5 O oy e
15 <
o OO0 asmmmimm
25 * %
T—hiEELE
A S el e o 4V +REV—DlE
X I—HiIE(EE)
-35 : —
22 20 18 16 -14 12 10 rq 8 6 0 2 4

038 000000000000 000(oo0ogo40000)

O[MTsa86| 0 0000000000000 000O0O0O00000O00O0O00OOO
gobogobbogbbooobobboilgbbboogoboboooboboon
obooboobobooboboboosgbooboooboboobobod
ODOoo000ooOooO00ooO0oOoooooooO00ooooBoooobooboOo 10
ODOooO0oOBo0ooooo4000D000C00OO000DODOoOoDODOOOOO
gbobhogooboobboooobbuoodobbbooobbtiobobboogn
UbOOxOdbooooooobooobbooobobooobooobbbooon
0000000000000 0000000000000000000D0 (0O
000 GPT-9005A, 0000:45mm) 00000 5mO00 200000000
Oo0O000O0o0ooodooooboo0oooo0ooD 10000000 13mmdd

39




U4 0000bOooogooogooooooooooooon
oboooo 10 40

ggooog 13mm | 11 mm
ooono 12mm | 7mm

D00 120m000000040000000 1TmmO00000 "mm0d0O000
gobbodbbobdodgbbogboobobuoobbuoobboobbooboo
gbobogobboboggbbuooobbooobbduooboobbooan
0000000000000 [Doo3 00000000 oooooooog
Dooooooobooboboboboooboooooooboboobobobn
gbuogdgbbugbbbuoobbubooobbuooobbooobboo
gbbogoboobbooobboobbooobooobbooobboo
gbooboogooood

25 00

gobobobboodbboobdobbuooobbooobbuooobbao
gbooggbbboogobbuooobbodgbbuooobboobbbobao
gbobogobbuogobbuooobbuooobbuoooobbuooobboo
gbobogoboobbooobboobbogbbooobbooobboo
goboogoboboooobobuooobobbuooobobobuoobooobooa
gbbodbuogbobooobboobboodobboobbooobboon
gboodbbuogobboobbooobbuooobboobboooboon
gbobogbbooodbbuooobbuoobbooobbobbooooboan
gbooobooooboboooobbobooogboboboooobboboo

gboboobobbooooboobobuoobbo1bodbooob 183mmd
ooboob400000 11lmmO00000000O0O0DODOOOOOO0O0ODOO
gboboobbugobboobbooobbuooobboobbooobboan
gboboglgbboogbbobuooobbogbooobbbuooobbao

40



gobogbboodbbbooobobobboooobobooobboobboo
gbbboodgbobbboooobbboooobbboooobbn

41



3. ygobobonogooobobbuoooobbobogd

3.1 Uooooooooga

O0000000000000000B000000000000000000
gobooobobobooooooobooooooooooooooooooooog
goddoooobobobobbobbdododdduududuuuuuuuuugua
LEDODO0ODDO0O0DDO0O0O000bObO0o0ooDbooobooooooboon
gobodbobooobobooboboobobooboboobobon
gobboobobobbbobbbobobbobbooobbbbobbobobbboood
O000000000000000 UDP(User Datagram Protocol) 000 OO0 OO
gododoooobobbbbuoooooooogd

gogddooooooooooboobbbbbobbooobbbbbbooooo

T—HEEER, H A SRS A—S
v

DIvA

TRIMELEDST &
TR A S

; stER /
NASWE-ES

(UDPor £BEAEVICHN)

039 0bbougoobobodo

42



gbooboooobbboooobbbooooooboa

3.2 UUO0OLEDOOOOODDOOO

gobboooooodgbbooobbooob 200bbogobbood
00000000000 @Moo0oooopOoooo0oooooooooooo
OO0000000LEDODODOOOOOO00OOO0O0O0O000O0bO0ObO0ODbODn
gbbogbboodbbuooobbubbuoogbbuoobobooobboo
OOoooboboooboousB2000b00DOOO

0000bobboooobbooooboboboooobobboooobobon
0000000000000 000 (000000000 AOODOODObOOOO
ODOO0000A0OODOOOO0ODOOOOOOOODOOOOODObOOOO
Oooooooboobobobobooboooooobobooboboob uSBOO
gb20000000000000000

gobbodgbboogbobbooobboodbboboobobooobobon
gbooobbuogobbooobooobbooobbuooobboonoboo
gbooboooobobobodboboboboobooooboboobobod
gbbogbboodbbuooobbuooobbuoobbooobbobboo
0000 (000000000 B)DOOOODU0O00O000O0U0OODOoOoOoOOoOO
oboobobobOob BOOoOobOoOobooOobooboooboo LEDODDOOO
OO000DbOO0ObD AODOODODOODObOO0ObD 20gb0DbO0bDOObOObOODO

3.3 gooouooon
3.3.1 Ugdooooggn

gboooobooboob LEDODOOOOODOODOOOOOOOO0OO0OO0nDO
gbbogobbdobodobuoobbboobbbodobbooobbooon
oo Ibdboobogooobooboobooboobooboobboobooobg
000000000 WBoljOoooooOO

43



() 000000 A

(hyODODOOOB

040 OO0 LEDOOOOOOODO

05 0gdgooodg

OOoooog A oO0o0oooOdB

gooo 75 mm X 55 mm x 47 mm | 65 mm X 60 mm x 20 mm

ooon 115 g 20 g

oogd 1024 x 768 O O 640 x 480 O O

oood 110 ° 70 °

LEDO 12 0 6 0O
Oo0oooon USB 2.0 (x2) USB 2.0
OO0Doo0oo 29.12 fps 30 fps

ooon CCD CMOS

44



R—ARERFR WASAE/SA—4F

l

(@) FIMENATH L DERIRF
|
(b) I —hERE
!
() HASEE-LRBHTE
|
(d) AHILT2T71L3DiEH
!

NASHE - B8

041 00D0OO00OO0O0DOO0DbO00O0

() D00000 AOOD (by DODOOODO BOODO

042 000 LEDOOODOOOOOOODOODO0OO0OO0O0O00OO0

odoobooobooobobobooooooooboobobOoboOooo
ooo

() DOOO0OOO0OOO0D0DO0O0O0DOOOO0 LEDODOOODOODODODOODODOOD
gbhboobobbobboboboobooboobobobbooboobooo
Dbooboobboobooboobboobuooboobbooobg

45



%%%ﬁﬁ%%bl\éwkbﬁﬁ

—= —=
¥ B O, | < | HIBIS AT |
%% | LoG7l»f)l/9 | JJ | 21'!%“5 |
E ‘ Zﬁ%ﬂ: ‘ [l) ‘ ?iﬁ?ﬂﬁﬂiﬂj ‘
B mmwm | % | edaian ‘
B wmes | |
e | B R DR |
T — DB R D AR M AEEEE v O—F A~

| CRCI:J:%E&U*&H&' |

|

!
<Y —AID, B R ER

U433 dgoboobooogo

ODo00@d@2O00oo00oo00boo0oooooooogooo

(p) DODDOODODUDMEODODO0O0ODODODODOOODODODODODOOOODOOODODOO
gbobooboboboouoooobbbbbbouooooobbobbodoo
DoobobobobobouooooboboboobobooooIbo
000000 0000ooooooOoOoOU0U0oooooooOooOooo (o
M4(a) 00O0DODDO LoG (Laplacian of Gaussian) 0 0000000000
Doooooooooooboboob20000000000000000
(DDDDDDDDDDDDDDDDDDDDDDDDDIDDDD
gbobobobouogoooobbobobbbouooogobbobbougo
0000800000000 0000 (DE)000000000000
gobobbooooooobbobbbodooooboboobobboooon
Dbhooboooboobboob4b0b000b0O0b0bOo0obbOoOn

46



() 0000000020000 () 00000000

04 000O00000OO000O0000

gobooobbbooogooobbobobbbodgoo4bboooooad
goboobbbouooooobbobbbodoouobobboooooon
Dbhoobboobbooboooboooboobbooobooon
OOob0ooboobooooooooobobogoboob crRCcoobooonDoog
DDDDDDDIDDDDDDDDDDDDDDDDDDDDDDD
gbooooobbbobbboboooooooobboobbboooooon
gooo

47



() 00000000000 DOO0OODOOOO040000000000D0OO00O0
000000 000ooooooR3200000000000000000
gboboobbbouoooobbbbbbouooooobbobbbodoo
gbooggbobobboooooobboobblioooooooboo
gobobobobbhoodooooobi1oooooobobbooboooad
goobooogd

(d) 000000000000 OoOO0OoOoOo0OooOo0OoooOOOoooOooO0g
gbobogbuodboobobooogbogbuogbooboboobon
gooobobooooooobbobobboooooobbboooooon
00000000000000000000000O000000 WBO1jO
gbobooboooogobbbbbuooobobbobbboooooon
gbooboboogoobboobbouoooobobbooboboooooon
goobooggd

3.3.2 UoUdobobooooobbbuoooobood

ggobobbogobbbobooooobbbbboooouobnbbbooodn
00000000000 [WB0I]OOOOOO SRCDKF (Square Root Central
Difference Kalman Filter)[vdMW04] O OO OO OSRCDKFOOOOOOOOOO
goggogbooooobbbbboddddddoduuuuuuuouo oo
0000000000 (Extended Kalman Filter)[WB0I 0 000000000
gboobobooboboboboobobobobooboboobobon
0000000000000 000000x 00000000 (99,2000
gooooog

Py

R

Py,
/
k

48



bl [P
Xpp1 = 1;: + 1?“ t+ Mk\zvkt ] (20)
| Ri ] [ O]

ooon
Py = [zk,uk 2" (21)
R = [roksTyes7ak]” (22)
P = (o 2" (23)
R, = [ra,rs '] (24)
My = [Pk, My Mok Moy s My My ] (25)
V., = [vmk,vyk,vzk,vmk,wyk,vmk]T (26)

oooooooop 0OR,OO00COOO0O0O0O0O0OODODOP,OR, 0000
gbobbobbbuoootouoooruuooooobobbobooooooonbn
OO0000OM,, V,OOoOoooooboboobooooooooboboooo
gboogobobooboboogibbtdy,0000boooooboodbedn
0000 (0 @N)oco0o0000doooddy, 000N, 00000000 (O

@9)o0ooo

Y = [nym yyk, Yzks Yre ko yryk7 yrzk]T (27)
Nk: = [nxk:a Ny gy Mzloy Moy e nryka nrzk]T (28)
Y, = yi+Ng (29)

3.4 JO0ooouooon

gobbooobooboooobbooobobboooboooobbuooobboo
gbbogdbboodbbboooubbbooobbuoogbuooobboo
gooo

49



U 45 Jgbooboobobobobboobooboobooboobo

3.4.1 JOo00oooooooboboboooon

gbgboboobobooboboob20b0b0o0bobbobooubo
go0oooOoOOoODOOOOOOOO0OU0U00000000ooOOo@loooooo
gbobgooboboobobooboboobbobobooboboboobg
0000000000000 00000000000000 Tsaid OO [Tsal6]
gobobooobobooboboobobuobobobobooboboooobo
(00000 GPT-9005A,0000:45mm) 0 0000000000000 220
gboobobgooboboobobo 1™ x24mdpbooon 7,0 12000
000 16em 00000000000 (00000000 240/m)000000
gbobooboboobobooboobobooboboboboobobg
O0oooopoooooo 1tem000OoDoDOO0ODOOO0ODOOADDOOO 10
ooboogoBO30bO0O0OO00OO0OO0OOODOO0OOOODbOOOOObOODO
gboobuoobuoobobobobooboobooboobooboobo

Ofp0oOo0o0O0000ooooooo0o0ooooooooUooooooEr
O0ooobooOABOOOODDOOOOOODOOOOOODOOOOODOD

50



80 |—— HASA - & - NASB]

R ~—hH

0 ke kA ke hk
1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 2.6
EE A [m]

046 J0oboooobbboooobobbooooboobobooon

gboogbbodgbbogobuooboooboobbooboobboobob

40000000 0ODOO0DOO00O000DO0ODOO0DOO0OOODODO
gbobooboboodbooobooobbuogbooobbuooobboon
gbbogobbuodgobboooobbooobbuooobboobboban
ooobobgbooobooooboboobob BOobOoboooooboDOoo
Lepbogoobdoboooooboboooboboobooesmubonboogn
gbobogubboobobobbooobboogbbooobbooobboo
ooOoobooobobooboobobooboob LebOoooboobboon
gbooboobodg

0000000000000 A00O0O000000000000gd 1.1m0O
0240000 BOO 1.0mOO 18mUO0O0O000OO0O0OO0O0ODOOODOO
gbobogbobooodbbuogoooobbuogoboobbooobboon
gbobogobbuogoobbooobbuooobbooobbooobboo
O000000oooooo (12m~15m00000000O0O0O0OOOOO

0000000000 o0O0O0DAQODOOOOOODO300ODOO00000
OlimdO24m0d00onDoooOdoOsmmDO0000000 022000

51



I
o

—— HBREGASA — — HEBBRENASE)

w
($,]

w
o
—~——

E
E 25
ﬂJIE 20 =
W5 T 2
= RV
10 [# \I\\._ // s
_;\ \
5 1 -Wl
0 1 T 1 ! | !
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
EE R [m]
() 0000
10 | —— EBBENASA) — — EBB/EDASE)|
09
0.8
—/ 07 \
L. 0.6 T—=
g\ ]
& o F-3-1 i
703 Z/ B l /V
0.2 T x J.
01
0.0
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
FE R [m]
(byoooo

047 Dooooboboooboboobobooboboobobooobn
oooo

52



U6 bgdgooboodgn

000000 A |ODODDOODO B
goo 1024 x 768 O O | 648 x 480 O O
ooon 110 ° 70 °©
O0o00oooooooboooo
00o00oooobooobooon 1.1~ 2.4m 1.0~ 1.8m
gooooo 5 mm 15 mm
goobooooon 2 mm 2 mm
ooooog 0.2° 0.5°
gopboboobooon 0.05° 0.1°
goooooobooon
gooboboooon 0.21° 0.51°
goobodgsmioboboognd
O0ooooobooobon O
(0 0 0:800x6000 O OO O:60°0 300 700

0000:45°00000000000)

33



TEEEE

EOEEE
BEEEEM

(a) O 0:240 /m?2 (b) O 0:120 /m?

(c) 0 O:60 /m? (d) 00:30 /m?

048 Joboobooboboobobobobbooboobooboon

OO00000b00b0obobooooooBOOODOD e4ox4800000 700 O
ODOo0OO0DO0O AQOO0OODOOOOODOOOOODOOOOODOOOOODODO
gbogdgbbobogobb ibmmboscddbbogobodbboogn
OO000000Oof2o0o0oo0ggooooooboo0gooooooooogo
OO00O0000O0bO00o0o0b0ooooboobo0oboobD AoDoOoDo o.21°0
OO0O0BOOoOSI°ODO0O0OODODOODOOOOOOOOObDODOMOOOOO
OOO0008oxeoooboodbodeoc4scdbooonbooboonboogn
ODAO0ODOOO3000000BOO7O0DOO0O0ODOOOOOOODOOODO

gboudgbodgbuoobuodgbuogboobooboobbobobobbon

o4



goboobbboboooooooddodddodoooooobbooobbobon
O0o0000opooo0U0opoooO0UoooooU0oooooo@OUOoDoon
gbbodgbboodbbuoooooobbuooobbuoobobbooobboo
gbogobboodbbogobubbooooobbuooobuooobbon
gbobogobobogobbooobboobbooobbuoooboboan
o0 17 mx24mU00000 7,0 12000000 16em 0 0D00O0O0O0OO
000000000000000240/m?00000000010000000
0000000000000 120/m?0000000 60 /m20000000 3
O0/m?000000000000000000000000O000O0000 ABO
00000000000 00C00O000MMOO0Ob000000000000000
0000240 /m?000000000000000000000000O00O00O0
Dbobooboobooboobobbobooboobooboob

gbobobbuogbobuoodobboobbuooobboobbuoobbood
0000000000000 000000oo0ooooooooooooU B
OO00000O0000@MOoOoo0oOo0oOo0ooOoDOobOOoO0 Aooooooo
gooo40b0000dbobosmmibbo200000 10mmOO0100000
20mm O 0050000 40mmO0000000OC00O0OO0OODOOOOO BOO
obOoobooboo 1B3goboobdd 1s5mmdOoos0dnoog 25mmUn
gbobodgbbooodbbobboodbuoobbooobbuooobboon
000 (0000000 00oo)0oo0d0ooooUooooOoooooooon
gboodbbuogobboobobooobbuooobboobbooobboan
0000000000 0DO000O000O0 AODOODOODOOOODOODO
obobobooboboboobobodb 1im~24m 00000000000
gooo

3.4.2 0000 OOoooobboboo

gbobogoboboodgobooonb boodgbbooobboobbood
gbobogobobooobouoobbooobbooobboobboooboo
00004000000 00oo0ooooooooooo2000o0ooooO

35



R—HEE HE/m2] e 24 - ® 12 —A=6 X3 R—HEE [B/m2] —$-24-8-12 —A-6 —>—3

80 — 80 -
" 70
60 1! 60
E 50 + E
£ I £ 90
# 40 I M 40
3@ 30 M‘ / 2 i 30
= \ " -
T 20 e e
10 Q%Pﬂ?ﬁ ’l'/: 4 10 AT .
< a -y, - .
0 il e Y ..,,a'\f“%io—’ ‘ o ‘ ?
1 15 2 25 1 12 14 16 18
BERE [m] BERE [m]
(a)DDDD(DDDDDDA) (b)DDDD(DDDDDDB)
Y—HEE [{H/m™2] —e=- 24-0-12 —A=6 —>—3 I—HEE [{B/m™2] —e=-24-0-12 —A=6 —>—3
4 1 4 y \ y \
35 | J' 35 / \ / \
3 r I # 3 / \/ \
X
- I - / \
e, 25 I . e, 25 / \
#_j:;g 2 ] ,‘-l ?’,‘-.!{g 2 \
ﬁR I ﬁR
g 1. }'n l XK 1.5 \
» 1
~ —
Ke o g T S e :‘i
K 4 - B alalen deunl Eundie
R L ISP, S T 0 ‘
1 12 14 16 18
! " 29 858 [m]
(C)DDDD(DDDDDDA) (d)DDD[I(DDDDDDB)
T—HEE B/ m™2] —®= 24 -0 -12 —A=§ —<—3 Y—HEE [{B/m™2] —+=24 -8 -12 —A =6 —%—3
80 80
” o 4 70
70 ),T \.‘
. 60
@60 ’/ \.\ @
' 50 * o 50 —
ﬁ ,0' \‘ ﬁ N -
| 40 * - '\ [!/40 P
Bao |7 P bl el S # 30 - =
'S - "y B - " - -m- "
20 4 w 20 P m-
0 .- A A, 0 100" .o em--m L —
A - - & . —hA— —h —k
R SR N N e
1 2 25 1 14 16 18
BERE [(m] BERE [(m]
(e)DDDDDD(DDDDDDA) (f)DDDDDD(DDDD[I[IB)

049 doddououoouooooooooooooooobbboobon
gboooooon

96




80 Y—HEE [fB/m™2] —e-24 = 12 -4-6 x 3 % Y—HEE [B/m™2] —e-24 = 12 -4-6 %3
70 ! 70
|
60 [ 60
I 7
£ 50 £ 50
W L LD W
i 40 2 W40
E” RN ﬂso HoX
20 [ abi 20 P At = .
10 2;}:&%. 10 - FE ST SR N e
A ey e e
o Q&A ‘-‘ “:*‘r*—‘*‘:tvf*#‘ 0 L
0 20 40 60 80 0 10 20 30 40
RE~—h% RE~—hH
() DO0O0O0O0O A (h)yOooooo B

gs0 gdobbooguobobooggbobuoooobobobooon

U7 0000000000000 000000000000D4d

000000 |0D0D0D0OD A |00D0O0ODOOB
40000 5 mm 15 mm
20000 10 mm 15 mm
13000 15 mm 15 mm
10000 20 mm 20 mm
GANREEN 40 mm 25 mm

o7




ST

[

| "EEENI
S EEEN

051 Jobooboboboboobooboobon

gboboggbboodgbobobbuooobuoogbbooobbooboon
0000000000 (@O0O0O0 GPT-9005A,0000:45mm)0 00000
O0o0000opooooUoooooR4ooooooooooo 1ooooOo40
0000000000000 0O0OC0OO000000ooOoDoO ADBOORBIOOO
gbogobboodbbooobbobaobbbooobbuooboobboo
gbobogogbuoodbbuogobbooobbuooooobbuooobboo
Oo0000O00O0oOooooooOoOoU0ooooooCocoOoOooooR4ooO
ooobboobi1bo0bobooboboboboobooobobxy0OoD
gbbboddzgdoboooobobuodobbobouoodobbouooobboao
b 1200000

OR20000000 10000000000 U0OO00bDOoooDoDOoobLOoDo
gbobogobbuogobbooobbooobboooobbooobboo
gbobooboboobobobooooboob4b00b0obbobon
0000000000000 000ooooRZO00000Uoo 18000
0000000000000 000ooDoooo00UooREOOOOn
[20000000000000DO0DO0ODOO0ODODODODODODODnO
OO00000O0000DbO0D00o0bO0bU0ob0O0 AobOoooos,0bon BO
goobbobbooboobooboobobobosmUubooboobon

o8



] [o #EHBOHATA) X BIEDATA) 0 #ELBEHASE) + EEGHASE)|
o & 8 ] a# a 9% & 2
¥ B . - % 8 %
2 !
T —hEREEE
-2 a3
-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 =7 -6 -5 -4 -3 -2 -1 0
x [m]
052 0D00D0O0OD0OD0O0O000O0O0O00

s dggooooodggooodgdd
OoogdA O00dB
oooooog 1 4 1 4
gooooo 9mm | 9mm | 13 mm | 11 mm
goooog 4dmm | 4dmm | 6 mm | 5 mm
gooooo 0.41° ] 0.35° 0.52° | 041°
gooooo 0.13° ] 0.14° 0.31° | 0.24°
Oooooooooog
oooboooooono 0.45° | 0.42° 0.70° | 0.55°
gooboogsmiboboboogn
OO0Oo0ooooooooono O
(00 0:800x6000 O OO0 :60°0 600 (50001900 | 700
O0000:45°00000000000)

99




FROMRLEDfFE

SRANEH AT 8
2.8 [
[m] < >
p

053 000O0boobooboobo

800x6000 00000006045 000000O0O0OOOOOO0OODO AODDO
Oboeb00dddbBOOYYOUDOOLOOLODOODLODOODODODOOOO
O00000000000000000 Bmm(0000 12mm)00000000
obO10000000b000g0boogoooooobobobbboooobn
IIlmm(0 000 "mm)00000000004000000000000000
gobbbuoggbbuooboobbboooobbooobbuooobboo
OO000000OoOo000oOoB4jj0gooooooooguoooooooooo
0000000000 (000 A:00 5mm,00 02°0000 B:OO 15mm, O
005) 0000000000000 O000OOOOODOOO

OO000oooO0O00oooOo0O0000 O0oooobOOooOo0o0oooobooobobo0o0on
0000000000000 00000R4000000000000O000O0000
OO00000oooOoooooooooooooooooooooooDoOooO
000000000000 000AfOQOOODOOOOREOOOODOOOOOn
OxO00000000000000O0O0O0O0ODOODOODOOOO0O0ODODOO0O0
0000000000 0000 ThinkPad X60 (lenovo O O CPU:Intel Core2Duo
T7200 2GHz, 00 0:2GB)0 00000

60



0000000000000 0000D000RAORA0DODO0O0000DODODO
O0z,y,z000000000000000O000000O00O0O00ODOOO2,9,%2
Dobooobooubodobodobdoodgbodooodboooood rg,ry,r,d00
Dubdboooooodgodaodooooooaododoooolr,,ry,r, 0
ODO000000O000O000O000O0Oo0DooooDooRIOOooOoooOoo
gbobogobbogbobbooobobooobobbooobobooobobo
gbboodgbboobodobooobboodobbboobobboobboo
gbboogobogobboboooobboobooobboobbogao
gbobogobgbbuoobboobbboobobbooooobbooon
gboobooogooboood

000000000000 0O000o0oO0o0oooD 29fps(CPUDDOO:O 20%) O
Dbbooboobobbobooboobooboobo

3.5 Juboonoogooooood

gbogoboboboboboboobooboobooboobooboobod
ooooboboobobobooobobooobobbbooboboubobo
gbobogbboodbbuooobbuobboobboobbooobbood
O000000000000R0000000000000000O HMD(SV-6,
MicorOptical 0, 0O 0 800x600) 00000000000 ODOODOOOOO
O0000ADOQOOODOOODORIODOOO0ODO0O0ODOOOxODOOOOOO
gooo

gboboogboobbuoobobooobbuoobuooboboboobboon
O00000RMO0O0O000O0000oooo00ooooooooooooooon
0000000000000 000Dooo0oooopA0000O0OoooDon
gbobogboboodgbbogobbuooobogbbuooobbooonoboo
0000000000000 0000000000D0D00D00D00RIDO
gbbodbbooobbuoobbboobobbooobbuooobbood
oobogboobobooboobooboboobbobbo LEDOODLOOD
gboboooggbbbooobbboubboooobbboogbobbuooan

61



xRV ILVEERR) vy oy QLIUILEERE) 2z x LIV IALEERR)]

0
? A““
| ‘0
a o*
: “‘o‘ 113
‘.o“ E
‘»"‘ ;’T:
o N
. b R 112
: ‘ ‘ s
LY Ny ﬂlm
v"" kel
By ‘.0‘ 1 1.1
R T ﬁ**‘i‘;}k;;“ﬁ(x‘y‘*’x'x‘ s s Sk bk &
X XATRE I B L RaF S R RV AR S T H S L T g e R ¥ 8
: RO AT XTRAKY WA DERRSKA
Y L S S S S S S S M B
1 101 201 301 401 501 601 701 801 901 1001 1101
TL—L

() 000000000

e LR IALEERR) oy e DIV T LSERR) rz+rz”(7:)|,7>74)|,95@m&)\120

KBz )" ]

FEBrx,x ryy N0 ]

1 101 201 301 401 501 601 701 801 901 1001 1101

(b 0OOOOO0O000

054 OD0ODOO000gbooogo

62




(7

4
i

\7

U s dbbobugouboobouooaon
63



gs6 bobuoobuoobgboboboobbooboobooboann

0000000 1/250sec00000000O0O0O0OODOOOOOOOOOO BT
gboobodgbbuogobboobbuooboobboobobooobboon
gbodbdobgbboogboboobobobooboboobuobobobon
oooboobooboobobgoobobobobboboboobobobo
gbobobooboobooboobo2300buoboobooboobon
gbobogbbuoodbboobobbuooboobbooobbooobboo
gbobogobbuogobbuoobooobboooobbbooboooboo
gbobogogbobbogoobbooooobbooobbooobobobooo
Dbobooboobooboobobbobooboobo

3.6 00O

gboogbooboobooboboboobooboobooboobobo
ooobobgboobobooboboobbooboboobobobon
Oooooooooooooooooooobooooooooobo0o LEDOO
gboudgboobbodbogbboobuoooboobboobuooboboonon

64



ARWNA 7 1 POE
WEMAT

BRMWX T4 PRE

H 25 % 5

O s57 dgbooboobobbobboobooboooboon

65



OoOooobooobo200b0b0o0 bbb bgoobooooboon
ODOO00o0oOobooooboooooooobo ApDOOoOoooDooOoooDboogoo
OlimdO0O24m0d000bDOoooOd0smm0bodbogbogo2200nOn
ooobooboooobobobobooboooBOobobDgl1omunbD18mbOO0
OO0 1mmOO005°0000000000C000000O0DOCOOOOODOORA
OO000DO0DO00O00000O0D00obO0ob0bOoboobD ADODOO 9nm
OO000oo0oBOODOOO 3300000000000 0ODO0OODOODOODOO
gbobogogbbbod
gbobbogbobooobboobbuoobbooobbooobbuooboboo
gbobogobogboooboboboobboogbbooobbuoobood
Oo0ooooooooooo Lepooooboobooboboboooboooooon
gboobobobobooboboobobobuooboobobboobobod
gbbogdgobodbbboooobbboooobbooobbooobbbd
gbodgbuogbogbbobboobboobudgbuooboobbobbam
OOoo00oOoboooobobooboooooooboo Aboobo20000DO
BOOOO400000O00DOO0OODODODOODODOODDOODOOD AOD
gboobobobooboboobobuobooboboooboobobod
gboodbboodbboobbuoobobboobbooobboobaon
gbbbooobobbooogbbbuoooobbbouooobon

66



4. 00O

gboboggbbodguooobbuoobbuooobboobbuoobbood
gboboggbuooobooobbbooobbuoogbbobuooobboo
gbobogubogbbooogbboobbuoggbooobbooobboo
gbobogoboobobobooobuooobobooobobbbuoooboboo
gbbogoogbbbooobbbooobbooobboobbuooobbon
gobbbuoodbuoobbuooobbbooobbooobbdoooboboo
gogbobuoggbbuooobboobbooobboooobobbuooobboo
gbobogubbuoggbbuooobbuooobbuooobbouooobboo
goboooboodbooobooobbuooobboobbobooobbon
gbbogobbuogobbuooobbuooobduobooobooobbon
gbbobooodgbobbbodoooobbobuooogbbbbuooooboboboo
gbboboooobbboooobboboooob
goouobbbobbooooouooobobbboooooooooboobn
gobogdbogoobooogobobuooooobbooobbuoooboboo
gooo
0000bobouoobobboooobobboooobbboooobobo
gbobogbbooogbboobbuooobboobbooobboobobon
gbobogbobobogobboogbbuooobbboooobbuoooboboo
gbooboooobbbdoooobobbooooboboboooobboboooon
ggbg200b00b00bo0bobobobooboobobobobobogb
gbbouogbodbbuooobbuooobbuoobboobboobobbaon
DoooobobuoobooobbooboboobobooobboonbDb LED
gbobogobbuogobbooobbuooobobuooobbuooobboo
OOoobooboobobooo200b00ob LeD0boboooboooboon
ODoOO0oO0O0oooooOobooOo0ooooobo0ooAOOODOOOOODOOOO
ooob 100 240000000000 mmOO0000000 02200
DoobobooooooboooobobuooboBOUODOD 1.0mO0O 1.8m
gbooogd bemdbogosbibodbboobbogbboobboonbon

67



0000000000000000 ABOOOOO 9mm,13mmO0000000
0000000000000000000000000000000000000
0000 AOD0O0O0O0O0OOCOOOOO000000000000 0450000
000000000000000000000000000BOOOOOOOO
0.7°0000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000000000000000000
00000000000000000000000000000000000
00000000000000000 [MKY06,[00 070000000000
0000000 AROOOOOOOOOOO [D008§000000000000
00000000000000000000000 MKY06,[00 0700000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000B®000000000
00000000000000000000000000000000 AROO
0000000000 o0000000000000000000nnononn
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000RB8M) 0000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000
00000000000000000000000000000000000
00000000BZ200000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000

68



()0000000000000000000 (b)000000000000000 AROO
0000000 (OO o7 D00000O000 [ODO0 08

U s58s ggboooboooogn

ooooooooooobooboooobD A0DODOOODOODOOOOODO
gboobgoooooboooobdoo 1im~24mubonooobooog
goboBOOoOooDOo1om~18mUdoooonoooboboooooooobon
ggbboboogobbodsnbbugobbobuodbobuooobobogn
gbogboobobooboboobobuobbooboboboboobobon
gobogbooboboobobobooobbobooboboboboobobon
gbogboobooobobooboob 200bembb0bo0obOo0oDOO
goobooD200 32enm0ggbboboogoobbooooobbbogd
ggbodbbogobobbogobuooobbuooobbooooboobooooba
gboboboboboboooooobobobobobobobobobooo
gboobobobobobobobo LepOo0bob0bo0oboOoboobOobOobn
oo BODOUOOLEDODDOODOODDOODODO4mDO0O00D0O0OD0OOO
ggobobooooon
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goboood DDDDDDDDDDDDDDDDDDDDDDDDD

69



() 0000000

00000000 (b)0D0O0D000 (@0 06
oooooooo

059 gbbobugoobbbouooooboboood

goo

gooubobbbboooouooouoboboobobibooooooooboobobo
gbobogobbuogobbooobbuooobboooboooobooboo
gobogdboooobobuooobboodbbooobbbuooooboboa
OIboOOooOoooooooooooobooboobooboboobobobobon
gbbogdbbogdgbbbogboboobboooobobbuooobboo
gbboodbbogbbuooobbuoobbooobobbboobobboo
gboogobooobbbooobbobooobbuobooobbuoooboboo
gooobogoobboboooon

70



00O

gbobooobboogboobbuooboboobbuoobobooobboo
gboobog obbob ooobobobboooooboobbbooooooobo
gbobogobboogbobogobbuooobbobbuooobobooonoboo
gbooboooooobood

gobbodgbobboobobobboobbbooobbooobuooobboao
gbouodboboo obbobo obbbooboobboooobo bogob b
gbooboooobbodaoo

gbboobuogoobogbuobouogboobobooobobooboob O
OO0000Db000O000O0bbOO0bOOooooooJSTO oooobooooDo
OOOCRESTO: ODODOOOOOOOOOODOOODODODOOOOODODOO
gbobogbboodbbubboobbuooobboobbooobbood
gboboooobboboooobod

gob0o0ob0ooboooboo2zrgobcoEoboOobooDOoobOoOoboooon
gbhbgboobbobobobdoobobuobobobobooboboboboobo
gbboodgbboodbbodobbuooobbodabbooobboobbon
gbbbouoodgobbbooobbboooobbbuoooobboan

ggbobobooogbbbo bbb oobbbooooobobobooon
gboboggbbodbbuogoboboobbooooboobbooobooo
gboobogoboobboobobooobbuogobboobuooobboon
obooobod

goggdogobobobbbbboobbbbbobouoduoooooooobbnD b
gbod bobgobuogboooboobuoobboobuoobboobogobbo
gbooggbbogobbugbobobuooobbooobbuooobboon
gbobog bood ogbbog boogooooboobbuogbooboogao
oboobbooboobbobobdo obboo booo boobbh ooob
U ougdgboboboodaod

71



oo

[ABB*+01]

[ALCS03]

[ALOT04]

[Azu97]

[BN95]

[BNR02]

(BP0

Ronald Azuma, Yohan Baillot, Reinhold Behringer, Steven Feiner,
Simon Julier and Blair MacIntyre, “Recent advances in augmented
reality,” IEEE Computer Graphics and Applications, Vol. 21, No. 6,
pp- 34-47, 2001.

Kusuma Agusanto, Li Li, Zhu Chuangui and Ng Wan Sing, “Pho-
torealistic rendering for augmented reality using environment illumi-
nation,” Proc. 2nd IEEE/ACM Int. Symp. on Mized and Augmented
Reality (ISMAR 03), pp. 208-216, 2003.

Oliver Amft, Michael Lauffer, Stijn Ossevoort, Fabrizio Macaluso,
Paul Lukowicz and Gerhard Troster, “Design of the QBIC wearable
computing platform,” Proc. 15th IEEE Int. Conf. on Application-
specific Systems, Architectures and Processors (ASAP 2004 ), pp. 398-
410, 2004.

Ronald Azuma, “A survey of augmented reality,” Presence, Vol. 6,

No. 4, pp. 355-385, 1997.

Michael Bajura and Ulrich Neumann, “Dynamic registration cor-
rection in video-based augmented reality systems,” IEEE Computer

Graphics and Applications, Vol. 15, No. 5, pp. 52-60, 1995.

Gregory Baratoff, Alexander Neubeck and Holger Regenbrecht, “In-
teractive multi-marker calibration for augmented reality applica-
tions,” Proc. 1st IEEE/ACM Int. Symp. on Mized and Augmented
Reality (ISMAR2002), pp. 107-116, 2002.

Paramvir Bahl and Venkata N. Padmanabhan, “RADAR: An in-
building RF-based user location and tracking system,” Proc. 19th

72



[BWHNO7]

[CRT04]

[DCKO4]

[DK02]

[DPCT01]

[DSGP03]

[Eur]

Conf. of the IEEE Computer and Communications Societies (INFO-
COM 2000), pp. 775-784, 2000.

Christoph Bichlmeier, Felix Wimmer, Sandro Michael Heining and
Nassir Navab, “Contextual anatomic mimesis: Hybrid in-situ visual-
ization method for improving multi-sensory depth perception in med-
ical augmented reality,” Proc. 6th IEEE/ACM Int. Symp. on Mized
and Augmented Reality (ISMAR2007), pp. 129-138, 2007.

Roberto Cipolla, Duncan Robertson and Ben Tordoff, “Image-based
localization,” Proc. 10th Int. Conf. on Virtual Systems and MultiMe-
dia (VSMM 2004), pp. 22-29, 2004.

Andrew J. Davison, Yolanda Gonzalez Cid and Nobuyuki Kita, “Real-
time 3D SLAM with wide-angle vision,” Proc 5th IFAC/EURON
Symp. on Intelligent Autonomous Vehicles (IAV2004), 2004.

Patrick Dahne and John N. Karigiannis, “ARCHEOGUIDE: System
architectureof a mobile outdoor augmented reality system,” Proc.
1st IEEE/ACM Int. Symp. on Mized and Augmented Reality (1S-
MAR2002), pp. 263-264, 2002.

M.W.M.G. Dissanayake, P.Newman, S. Clark, H.F. Durrant-Whyte
and M. Csorba, “A solution to the simultaneous localization and map
building (SLAM) problem,” IEEE Trans. on Robotics and Automa-
tion, Vol. 17, No. 3, pp. 229-241, 2001.

Rich DeVaul, Michael Sung, Jonathan Gips and Alex Sandy Pentland,
“Mithril 2003: Applications and architecture,” Proc. 7th IEEFE Int.
Symp. on Wearable Computers (ISWC’03), pp. 4-11, 2003.

Eurotech, “ZYPAD,” http://www.zypad.com/zypad/home.aspx.

73



[FMS93]

[Fox05]

[Fri02]

[GCHHO3]

[GSB+07]

[HFP99]

[HHF03]

[HKY06]

Steven Feiner, Blair Macintyre and Doree Seligmann, “Knowledge-
based augmented reality,” Communications of the ACM, Vol. 36,
No. 7, pp. 52-62, 1993.

Eric Foxlin, “Pedestrian tracking with shoe-mounted inertial sensors,”
IEEE Computer Graphics and Applications, Vol. 25, No. 6, pp. 38-46,
2005.

Wolfgang Friedrich, “ARVIKA - augmented reality for development,
production and service,” Proc. 1st IEEE/ACM Int. Symp. on Mized
and Augmented Reality (ISMAR2002), pp. 3-4, 2002.

Simon Gibson, Jon Cook, Toby Howard and Roger Hubbold, “Rapid
shadow generation in real-world lighting environments,” Proc. 1jth

FEurographics workshop on Rendering, pp. 219-229, 2003.

Pierre Georgel, Pierre Schroeder, Selim Benhimane, Stefan Hinter-
stoisser, Mirko Appel and Nassir Navab, “An industrial augmented
reality solution for discrepancy check,” Proc. 6th IEEE/ACM Int.
Symp. on Mized and Augmented Reality (ISMAR2007), pp. 111-114,
2007.

Tobias Hollerer, Steven Feiner and John Pavlik, “Situated documen-
taries: Embedding multimedia presentations in the real world,” Proc.
3rd IEEE Int. Symp. on Wearable Computers (ISW(C’99), pp. 79-86,
1999.

Drexel Hallaway, Tobias Hollerer and Steven Feiner, “Coarse, inex-
pensive, infrared tracking for wearable computing,” Proc. 7th IEEE

Int. Symp. on Wearable Computers (ISWC’03), pp. 69-78, 2003.

Akihiro Hamaguchi, Masayuki Kanbara and Naokazu Yokoya, “User

localization using wearable electromagnetic tracker and orienta-

74



[HSHS05]

[KK03a]

[KKO3b)]

[KKS01]

[KLK*+02]

tion sensor,” Proc. 10th IEEFE Int. Symp. on Wearable Computers
(ISWC06), pp. 55-58, 2006.

Charles E. Hughes, Christopher B. Stapleton, Darin E. Hughes and
Eileen M. Smith, “Mixed reality in education, entertainment, and
training,” IEEE Computer Graphics and Applications, Vol. 25, No. 6,
pp- 24-30, 2005.

InterSense Inc., “INTER SENSE IS-600 Mark?2,”
http://www.isense.com/products/prec/is600/.

Hirokazu Kato and Mark Billinghurst, “Marker tracking and hmd
calibration for a video-based augmented reality conferencing sys-
tem,” Proc. 2nd IEEE/ACM Int. Workshop on Augmented Reality
(IWAR’99), pp. 85-94, 1999.

Masakatsu Kourogi and Takeshi Kurata, “Personal positioning based
on walking locomotion analysis with self-contained sensors and wear-
able camera,” Proc. 2nd IEEE/ACM Int. Symp. on Mized and Aug-
mented Reality (ISMAR 03), pp. 103-112, 2003.

Masakatsu Kourogi and Takeshi Kurata, “A wearable augmented re-
ality system with personal positioning based on walking locomotion
analysis,” Proc. 2nd IEEE/ACM Int. Symp. on Mized and Augmented
Reality (ISMAR 03), pp. 260-261, 2003.

Masakatsu Kourogi, Takeshi Kurata and Katsuhiko Sakaue, “A
panorama-based method of personal positioning and orientation and

its real-time applications for wearable computers,” Proc. 5th IEEE

Int. Symp. on Wearable Computers (ISWC 2001), pp. 107-114, 2001.

Michael Kalkusch, Thomas Lidy, Michael Knapp, Gerhard Reitmayr,

Hannes Kaufmann and Dieter Schmalstieg, “Structured visual mark-

75



[KMO7]

KY04]

[KYO*96]

[LCCH05)

[LCN+93]

[LMO02]

ers for indoor pathfinding,” Proc. 1st IEEE Int. Augmented Reality
Toolkit Workshop (ART’02), 2002.

Georg Klein and David Murray, “Parallel tracking and mapping for
small AR workspaces,” Proc. 6th IEEE/ACM Int. Symp. on Mized
and Augmented Reality (ISMAR2007), pp. 225-234, 2007.

Masayuki Kanbara and Naokazu Yokoya, “Real-time estimation of
light source environment for photorealistic augmented reality,” Proc.
17th IAPR Int. Conf. on Pattern Recognition (ICPR2004), pp. 911-
914, 2004.

Takeo Kanade, Atsushi Yoshida, Kazuo Oda, Hiroshi Kano and
Masaya Tanaka, “A stereo machine for video-rate dense depth map-
ping and its new applications,” Proc. IEEE Computer Society Conf.
on Computer Vision and Pattern Recognition (CVPR’96), pp. 196-
202, 1996.

Anthony LaMarca, Yatin Chawathe, Sunny Consolvo, Jeffrey High-
tower, lan Smith, James Scott, Tim Sohn, James Howard, Jeff
Hughes, Fred Potter, Jason Tabert, Pauline Powledge, Gaetano Bor-
riello and Bill Schilit, “Place Lab: Device positioning using radio
beacons in the wild,” Proc. 3rd Int. Conf. on Pervasive Computing

(Pervasive 2005), pp. 116-133, 2005.

William Lorensen, Harvey Cline, Christopher Nafis, Ron Kikinis,
David Altobelli, Langham Gleason and Ferenc Jolesz, “Enhancing
reality in the operating room,” Proc. IEEE Visualization 93, pp. 410—
415, 1993.

Seon-Woo Lee and Kenji Mase, “Activity and location recognition
using wearable sensors,” IEEE Pervasive Computing, Vol. 1, No. 3,

pp. 24-32, 2002.

76



[LVTF03]

[MKYO06]

IMOKTO04]

[Mor78]

INF02]

INWB*04]

[PBDMO7]

Vincent Lepetit, Luca Vacchetti, Daniel Thalmann and Pascal Fua,
“Fully automated and stable registration for augmented reality appli-
cations,” Proc. 2nd IEEE/ACM Int. Symp. on Mized and Augmented
Reality (ISMAR 03), pp. 93-102, 2003.

Koji Makita, Masayuki Kanbara and Naokazu Yokoya, “Personal in-
formation annotation on wearable computer users with hybrid peer-
to-peer communication,” Proc. 16th Int. Conf. on Artificial Reality

and Telexistence (ICAT 2006), pp. 217-227, 2006.

Masaki Maeda, Takefumi Ogawa, Kiyoshi Kiyokawa and Haruo Take-
mura, “Tracking of user position and orientation by stereo measure-
ment of infrared markers and orientation sensing,” Proc. 8th IEEE

Int. Symp. on Wearable Computers (ISWC’04), pp. 77-84, 2004.

Jorge J. Moré, “The levenberg-marquardt algorithm: Implementation
and theory,” Numerical Analysis, Lecture Notes in Mathematics 630,

Springer Verlag, pp. 105-116, 1978.

Leonid Naimark and Eric Foxlin, “Circular data matrix fiducial sys-
tem and robust image processing for a wearable vision-inertial self-
tracker,” Proc. 1st IEEE/ACM Int. Symp. on Mized and Augmented
Reality (ISMAR2002), pp. 27-36, 2002.

Joseph Newman, Martin Wagner, Martin Bauer, Asa MacWilliams,
Thomas Pintaric, Dagmar Beyer, Daniel Pustka, Franz Strasser, Di-
eter Schmalstieg and Gudrun Klinker, “Ubiquitous tracking for aug-
mented reality,” Proc. 3rd IEEE/ACM Int. Symp. on Mized and Aug-
mented Reality (ISMAR 04), pp. 192-201, 2004.

Katharina Pentenrieder, Christian Bade, Fabian Doil and Peter

Meier, “Augmented reality-based factory planning - an application

77



[PolP04]

[SCT+94]

[SKC*01]

[SKT03]

[SLOA]

[SLG*96]

tailored to industrial needs,” Proc. 6th IEEE/ACM Int. Symp. on
Mized and Augmented Reality (ISMAR2007), pp. 31-39, 2007.

Hanhoon Park and ong Il Park, “Invisible marker tracking for AR,”
Proc. 3rd IEEE/ACM Int. Symp. on Mized and Augmented Reality
(ISMAR 04), pp. 272-273, 2004.

Andrei State, David T. Chen, Chris Tector, Andrew Brandt, Hong
Chen, Ryutarou Ohbuchi, Mike Bajura and Henry Fuchs, “Case

study: Observing a volume rendered fetus within a pregnant patient,”
Proc. IEEFE Visualization ’93, pp. 364-368, 1994.

Didier Stricker, John Karigiannis, Ioannis T. Christou, Tim Gleue
and Nikos loannidis, “Augmented reality for visitors of cultural her-
itage sites,” Proc. Int. Conf. on Cultural and Scientific Aspects of
Ezxperimental Media Spaces, pp. 89-93, 2001.

Natsuki Sugano, Hirokazu Kato and Keihachiro Tachibana, “The ef-
fects of shadow representation of virtual objects in augmented re-
ality,” Proc. 2nd IEEE/ACM Int. Symp. on Mized and Augmented
Reality (ISMAR 03), pp. 76-83, 2003.

Iryna Skrypnyk and David G. Lowe, “Scene modelling, recognition
and tracking with invariant image features,” Proc. 3rd IEEE/ACM
Int. Symp. on Mized and Augmented Reality (ISMAR 04), pp. 110-
119, 2004.

Andrei State, Mark A. Livingston, William F. Garrett, Gentaro Hi-
rota, Mary C. Whitton, Etta D. Pisano and Henry Fuchs, “Tech-
nologies for augmented reality systems: Realizing ultrasound-guided

needle biopsies,” Proc. 23rd Annual Conf. on Computer Graphics and
Interactive Techniques (SIGGRAPH ’96), pp. 439-446, 1996.

78



[SSHO6]

[SSK*07]

[SVT+00]

[TBFO8]

[TCD+00]

[ThoO6]

[TKY03]

Peter Supan, Ines Stuppacher and Michael Hallern, “Image based
shadowing in real-time augmented reality,” International Journal of

Virtual Reality, Vol. 5, No. 3, pp. 1-7, 2006.

TTobias Sielhorst, Wu Sa, Ali Khamene, Frank Sauer and Nassir
Navab, “Measurement of absolute latency for video see through aug-
mented reality,” Proc. 6th IEEE/ACM Int. Symp. on Mized and Aug-
mented Reality (ISMAR2007), pp. 215-218, 2007.

Frank Sauer, Sebastian Vogt, Yiyang Tao, Yakup Genc and Ali Bani-
Hashemi, “Augmented workspace: designing an ar testbed,” Proc. 1st
IEEE/ACM Int. Symp. on Augmented Reality (ISAR 2000), pp. 47-
53, 2000.

Sebastian Thruns, Wolfram Burgard and Dieter Fox, “A probabilistic
approach to concurrent mapping and localization for mobile robots,”

Autonomous Robots, Vol. 31, No. 3-4, pp. 253-271, 1998.

Bruce Thomas, Ben Close, John Donoghue, John Squires, Phillip De
Bondi, Michael Morris and Wayne Piekarski, “ARQuake: An out-
door/indoor augmented reality first person application,” Proc. 4th
IEEE Int. Symp. on Wearable Computers (ISWC2000), pp. 139-146,
2000.

Graham Thomas, “Mixed reality techniques for TV and their ap-
plication for on-set/pre-visualisation in film production,” Proc. Int.
Workshop on Mixed Reality Technology for Filmmaking, pp. 31-36,
2006.

Ryuhei Tenmoku, Masayuki Kanbara and Naokazu Yokoya, “A wear-
able augmented reality system using positioning infrastructures and
a pedometer,” Proc. 7th IEEE Int. Symp. on Wearable Computers
(ISWC’03), pp. 110-117, 2003.

79



[TNA*+04]

[Tsa86]

[vdMWO4]

[Vic]

[VLF04]

[WBO01]

[WBV+01]

[Wil93]

[WJIHO7]

Ryuhei Tenmoku, Yusuke Nakazato, Atsushi Anabuki, Masayuki
Kanbara and Naokazu Yokoya, “Nara palace site navigator: Device-
independent human navigation using a networked shared database,”
Proc.10th Int. Conf. on Virtual Systems and Multimedia (VSMM
2004), pp. 1234-1242, 2004.

Roger Y. Tsai, “An efficient and accurate camera calibration tech-
nique for 3D machine vision,” Proc. IEEE Conf. on Computer Vision

and Pattern Recognition, pp. 364-374, 1986.

Rudolph van der Merwe and Eric A. Wan, “Sigma-point kalman filters
for integrated navigation,” Proc. the 60th Annual Meeting of The
Institute of Navigation, pp. 641-654, 2004.

Vicon, “Vicon MX,” http://www.vicon.com,/.

Luca Vacchetti, Vincent Lepetit and Pascal Fua, “Combining edge
and texture information for real-time accurate 3D camera tracking,”
Proc. 3rd IEEE/ACM Int. Symp. on Mized and Augmented Reality
(ISMAR 04), pp. 48-57, 2004.

Greg Welch and Gary Bishop, “An introduction to the kalman filter,”
SIGGRAPH 2001 Course 8, 2001.

Greg Welch, Gary Bishop, Leandra Vicci, Stephen Brumback, Kur-
tis Keller and D’nardo Colucci, “High-performance wide-area optical

7

tracking -the hiball tracking system,” Presence: Teleoperators and

Virtual Environments, Vol. 10, No. 1, pp. 1-21, 2001.

Ross N. Williams, “A painless guide to crc error detection algo-

rithms,” http://www.ross.net/cre/crepaper.html, 1993.

Andy Warda, Alan Jones and Andy Hopper, “A new location tech-

nique for the active office,” IEEFE Personal Communications, Vol. 4,

80



[WKRO7]

(WS03)

[YKYO7]

(00 04]

(00 05

(00 07]

(00 04]

(00 80]

No. 5, pp. 42-47, 1997.

Brian Williams, Georg Klein and Ian Reid, “Real-time SLAM relo-
calisation,” Proc. 7th IEEE Int. Conf. on Computer Vision (ICCV
2007), 2007.

Daniel Wagner and Dieter Schmalstieg, “First steps towards hand-
held augmented reality,” Proc. 7th IEEE Int. Symp. on Wearable
Computers (ISWC’03), pp. 127-135, 2003.

Kazuki Yamanaka, Masayuki Kanbara and Naokazu Yokoya, “Local-
ization of walking or running user with wearable 3d position sen-
sor,” Proc. 17th Int. Conf. on Artificial Reality and Telexistence
(ICAT2007), pp. 39-45, 2007.

oooo,00o0o00,0o000, 000, “0b0o00o0oooboooaa
O00000DO0oU0Doo0oOr”, 0000o0ooooooggA), Vol
J87-A, No. 1, pp. 78-86, 2004.

0000,0000,0000,“0000000000000000
00000000000000000000000000007,00
000000000000000, Vol. 10, No. 3, pp. 285-294, 2005.

0000,0000,0000,0000,000000000000
000000000000 000000007, 00000000 O
00000, MVE2007-44, pp. 43-48, 2007.

00000,0000,0000,“00000000000000
00000-0000000000000000000-", 000000
00000000000, Vol. 9, No. 1, pp. 79-88, 2004.

0000, “0000000000000000000000007,
000000000, Vol. J63-D, No. 4, pp. 349-356, 1980.

81



0o

0o

07]

03]

07]

99]

04al

04b]

05]

05]

06]

0000,0000,0000,“0000000000000000
00000000000 00000000000000O0n”, 00
0000000000DO, Vol. J90-D, No. 8, pp. 2126-2136, 2007.

00000, 0000,0000,“00000000000000
O000000000000007, 0000000, Vol. 32, No. 6,
pp. 832-840, 2003.

0000, “Lockyjp: 00 lan 000000000 OD0OO”, 000
00000000000, ITS, Vol. 107, No. 161, pp. 1-4, 2007.

oooo0,0000,0000,0000, 00000000000
OOoo00ooboooooobooboogor,bobobooboooon

0 D-11), Vol. J82-D-II, No. 10, pp. 1775-1783, 1999

oooo,b0000,“Cc0b0oobooobooboobooboboooboo
Oooooobooooooooooobooor,gobooooooooo
000 (MIRU2004) 00O OO, Vol. 11, pp. 247-252, 2004.

oooo,0000,“Ccoboobooooobooboobobooobooo
Oo07,2004000000000000000000, No. A-16-7,
2004.

0000,0000, “RTK-GPSO00000000000OOOCOO
00000000000000000007, 00000000000
000 (MIRU2005) 00000, pp. 933-938, 2005.

0000, “000 HMIODOOOOOO0O0OO0 MROOOO”, 0000
00000000000, Vol. 10, No. 3, pp. 154-157, 2005

000,000,0000,0000,“0000000000000
0000000000000000 0007, 0000000000
0000 011000000, pp. 498-501, 2006.

82



0o

00

03]

04]

98]

03]

08]

06]

07]

98]

0000,0000,0000,0000,000,0000, “ALTAIR:
00000 IRO0OO0O0O000000000000000”, 00000
00 E(00000O0O0C0OO0O0000), Vol. 123, No. 8, pp. 279-284,
2003.

0000,0000,0000,000,000000000000
000300000007, 00000000000, Vol. 40, No. 6,
pp. 635-641, 2004.

00000,0000,0000,400000000000000
00000000000000000000000007, 0000
00000000D-II), Vol. J81-D-II, No. 5, pp. 861-871, 1998.

ooo0, “00bobobooobobOoboobooobobOooboon
Ooo0oobOobooooobooboo», 0obobobooboooon
000000 NAIST-IS-DT0161018, 2003.

oooo,000b0,0b000,“cob0obooboobobobobn
gboogbobodgbbogbooboboobbbuoobbodgboo
OoOooooor, 0oobooobobo bbooboobod, PRMU2007-202,
2008.

OO000,000,0000,“00000000000D000D000O00
000000000, 00000000000000, MVE2006-46,
pp- 19-24, 2006.

0000,0000,0000,0000,0000,0000, “00
00000000000000000000007, 0000000
0oO0ooo0oooo, pp. 1516, 2007.

000O0,0000,“000007, 00000000000, Vol. 52,
No. 3, pp. 266-272, 1998.

83



(00 06]

(00 90]

(00 08]

(00 04]

(00 a

[00 bl

[O0]

(00 07]

(00 96]

oooOo,“0cbbobob0odbobobobooboobobobo
ODO000OO0O000",00000oooboDOoboo0oOoOonon NAIST-
IS-DD0361023, 2006.

00000, 00000000 PnPOOOOOOOOOOOOO?Y,
00000000000000000'9000000000000
000000000, Vol. 90, pp. 41-50, 1990.

oo0,00b0,0bob,00db,“ob0oboboboboooon
0000000000 ARODODODOO0OO0ODOO0OO, 0000000
O00000b0 00obooboobooooooob oooo, Vol 13,
No. 1, pp. 15-20, 2008.

ooo0o,0b000,000,0000,“0C00b00bD PCOODOO
oooboooboooboobooboor,bo0oboobo boo
000, ITS2003-76, pp. 77-82, 2004.

00000, “HITACH.ODODODOOOODODODOOOooOoOooooOd
007, hitp://www.hitachi.co.jp/Prod/vims/wia/.

ogogooao I A I A
‘00 LAN 000000 O0O0O00O  AirLocation™1,
hitp://www.hitachi.co.jp /wirelessinfo/airlocation/.

Oo0o0ooooooo, “c0b00bo0oboooooog Zps?,
http: / /www. furukawakk.jp /products/category-002. html.

00 0000,0000,“000000 ARODOOOOCOO0OOO0O
0000000000000000000000007, 00000
000 000000, MVE2007-51, pp. 79-84, 2007.

0000,0000,0000,0000,“00000000000
00000000000 000000”?, 0000000000000
0 (MIRU96) 0000 O, Vol. I, pp. 43-48, 1996.

84



[0D006a) OOOD,“0000000000000000000OO -VI-O
000”,0000/00/00, Vol. 50, No. 11, pp. 430-435, 2006.

[DOooeb] DDDOD,“0000000000000000000000 VOO
00007, 0000/00/00, Vol. 50, No. 8, pp. 321-326, 2006.

[0Do07] 0OO0O0OO0,0000,0000,0000,0000,“0000000
000000000000 000000000000000000
000”7, 00000000 000000, PRMU2006-195, pp. 7-12,
2007.

D006 OO0O00,0000,0000,0000, “PlaceEngine0 00000
0000 WiFiD0OODOO0OO0”, 00000000000000 2006,
pp. 95-104, 2006.

D005 0000,“000000MROD-000000000000 MRO
0000002, 03000000000000, pp. 29-35, 2005.

85



oo

goood

1.

00 00,00 00,00 00,000000000000000000
0000000000000000000007, 000000000000
00000, Vol. 10, No. 3, pp. 295-304, 2005. (0 30000)

gogd

1.

Ryuhei Tenmoku, Yusuke Nakazato, Atsushi Anabuki, Masayuki Kanbara,
and Naokazu Yokoya, “Nara palace site navigator: Device-independent hu-
man navigation using a networked shared database”, Proc.10th Int. Conf.

on Virtual Systems and Multimedia (VSMM2004), pp. 1234-1242; 2004.

Yusuke Nakazato, Masayuki Kanbara, and Naokazu Yokoya, “Localization
of wearable users using invisible retro-reflective markers and an IR camera”,
Proc. SPIE Electronic Imaging, Vol. 5664, pp. 563-570, 2005. (0 30O
0o0o)

Yusuke Nakazato, Masayuki Kanbara, and Naokazu Yokoya, “Discreet mark-
ers for user localization”, Proc. 8th IEEE Int. Symp. on Wearable Com-
puters (ISWC’04), pp. 172-173,2004. (0 30000)

. Yusuke Nakazato, Masayuki Kanbara, and Naokazu Yokoya, “A localiza-

tion system using invisible retro-reflective markers”, Proc. IAPR Conf. on
Machine Vision Applications (MVA2005), pp. 140-143, 2005. (O 30O
00)

. Yusuke Nakazato, Masayuki Kanbara, and Naokazu Yokoya, “Wearable

augmented reality system using invisible visual markers and an IR cam-
era”, Proc. 9th IEEE Int. Symp. on Wearable Computers (ISWC’05),
pp. 198-199, 2005. (0 30000)

86



6. Yusuke Nakazato, Masayuki Kanbara, and Naokazu Yokoya, “An initial-
ization tool for installing visual markers in wearable augmented reality”,
Proc. 16th Int. Conf. on Artificial Reality and Telexistence (ICAT 2006),
pp. 228-238, 2006. (0 20000)

ooooooood

1. 0000,0000,0000,¢“000000000000000000
000000000007, 00000000 000000, IE2004-24
pp. 25-28,2004. (0 30000)

2. 0000,0000,0000,“0000000000000000000
000000007, 00000000000000 (MIRU2004)0000
0, Vol. 1, pp. 119-120, 2004. (0 30000)

3.0000,0000,0000,¢“0000000000000000 AR
00000000000 000007, 00000000 000000,
PRMU2004-135, pp. 7-12, 2004. (0 30000)

4 0000,0000,0000,“0000000000000000 ARO
0007,00000000000000 (MIRU2005)00000, pp. 1614-
1615, 2005. (0 30000)

5. 0000,0000,0000,““0000000000000000 AR
00000000000000000”, 00000000000000
(MIRU2005) 00000, pp. 1420-1427, 2005. (0 30000)

6. 0000,0000,0000,“1000000000000000000
0000000000007, 00000000000000 (MIRU2006)
00000, pp. 658663, 2006. (0 20000)

87



7.

0000,0000,0000,“000000000000000000
000000000007, 00000000 000000, MVE2007-50,
pp. 73-78,2007. (0 2030000)

ooo,0000,0000,0000,“000000000000000
ODOD00OD0O0O00 AROOOOOOO0OOO0O", 000000o0ooooDoo
OO0 ODobooobooobooobobobo gooobg, Vol 13, No. 1, pp.
15-20, 2008.

ooon

1.

O

0000,0000,0000,“00000000000000000000
0000007,2004000000000000000000, No. D-12-138,
2004. (0 30000)

0000,0000,0000,000000000000000000
00000000007, 00000000000 (FIT)0OO0O0O0000
, Vol. 3, pp. 461-462, 2004. (0 30000)

oooo,0o0b,bo0b,*obo0bobbooboooboboon
OO, 0b0o0booob20000b00b0 obobooboobooboo b
0000000000, No. D-SP-7,2005. (0 30000)

000,0000,0000,0000,“000000000000000
00000000 AROODOOOD?, 000000000000000 12
000000, pp. 23-26, 2007.

.000bo0obob 2000000 ISSO00b00ob0oboboobooogoo

Doooboobo, 2005.

88



Joooobod

1. “00b0gobo0oboboor,gboobob, 20070 120 30.

89





