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Teleoperation of a Mobile Robot by

Telepresence with an Omnidirectional Sensor*

Misato Yoneda

Abstract

Recentlyresearch of telepresenceldwhich improves the efficientry of teleoperat-
ing remote robots[Jis getting popular[J A stereoscopic camera realizes telepresence
for teleoperation] However[d when an operator looks around[ there is time delay
in acquisition of an image in that direction[d In this paper(] a new method to
realize a telepresence for teleoperation without such time delay is proposedd In
this methodJ an omnidirectional image sensor is placed on a mobile robot[] in
order to present monocular images when the robot is moving and present binocu-
lar stereo images generated from a sequence of omnidirectional images when the
robot stands stilll] Using the proposed method[J a user can look around the scene
with depth perception without significant time delay. A teleoperation system
based on the proposal method is built for proving the feasibility[] In the system[
ultlasonic sensors are also used to avoid obstacles and an arrow is superimposed
on the real scene image around the robot to indicate the moving direction Ex-
periments have been carried out in an indoor environment for evaluating the

proposed method[]

Keywords:

mobile robot [ teleoperationU telepresencel] omnidirectional image sensor[] binoc-

ular stereold HyperOmni Vision

*Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT9951130, February 9, 2001.

1ii



0 O

1. 0ggg

1.1
1.2
1.3

I T 0 P
I I P
I

2. J0bpuogoooboboooboboobbooogoboo

2.1

2.2
2.3

00000000 HyperOmni Vision . . . . . . . ... . ... ..
2.1.1 HyperOmni VisionO QOO . . ... ... ... .. .....
212 0O000D00O0DOODO0O ... oo
I P
O00000D0O0OoooOonooO ..o oo oo oo

3. jgbbouooboobbbuoooobboouoaob

3.1
3.2

4.1

4.2
4.3

I I I P
I 0
321 ODO0OOOO0O0ODO ..o
3.22 DOOOOO ... o oo o

gbobodoooooooooboboobod

411 O0O000O .. 0o oo o o e
412 0000 ..o oo
413 0O00OOOO0OO0O0O0O0OOODbDOOobDbObDOouOouobDbn

I
I
431 0O0010000o0oboobooooooooog oo
432 0O00200000000000O00000 +....... ..
433 00000 O0OO0O0OO0OOOOOO ...

v

[

-J

10
10
11

13
13
16
17
18



5. Uob0o

g

goon

35

37

38



[

© o =~ O Ot = W N =

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

18

19

20

21

22

23
24

[

remote realty: ] D 00 000D 0O0O0O0O0OOOOOOOOOOO
mobile robot:0 0000000 OOOOOOOOOO0OOOODO .
HyperOmni Vision . . . . . .. ... ... ... ... ....
O0O0000000000 ...t o s e
O0O0000000 ... e
O0o0oOOooooooobooooooboooono .. ...
O0O00oooooooooooogg oo oo e
Nomad200 D OO OODODODOOO ..o oo oo oo oo
O0O00o0o0oboooooooooooon oo oo
0000000ooobooboooOo0oooooooDo
O0000000oooonooO ..o oo oo o
OO0O000O0 ... e e e e e e e
cGUOdoobooobooooobboooono oo
000000000000 (@O0O0) ..o
I A
O0000@O0O0) ..o oot e
0010000000000 (0:00000oo:0000oogo
O0:0000 a0bOc) . oo v oo v it et e s
0020000000000 (0:000000:0000 0OOO
O0:0000 a0bOc¢) . oo v v v v v i i i i e e s i e
0030000000000 (o:oooo00:0000 000
O0:0000 a0bOc¢) . oo v v v v v i i i i e e s i e
0040000000000 (O:DOD0DOO0O0:0000 OO0
O0:0000 a0b0c) ..o vt i
000000000000 @0O00) oo v,

vi



25
26

[ R L T

I O 32
000000000 ... e e 34
[]

HyperOmni Vision(1) 000000 . ... ... ... .. .. .. 9
HyperOmni Vision(2) DO 0000 .. ... ... ... ... 9
N 1 0 L 21
N 1 1 0 L 27
1 1 28
0000000 ... 32

Vil



1. 0Oo0n

gbbooboogbooobboogbbooboobbbobobuobogod
gobbboobbobobbboobuabbboobbseoobbbuoubbad
gogbbbodbbodoobooouooooooooboboobbooboboboo
godgbobobooobobbodd

1.1 Juooooooooboooood

gbbobubbbobooobobobbobobouobbboooobooon
0 [1joo0o00O00O000000000o0UoOO0o0o0oooOObDbOUOooOO
ggobooobobbuabbbbobbooobbuooobbobbbooood
gboboooobobobbobboobobbooobuobbooooboboboobo
gobbobubboooobbodgbobobooboobuoobboooobood
gobobudgbobogbbbobdoodobboobbbuoobbooooboo
gobbgbboooboobbboboouogoon

gbhboboboboooobboobbodbbobouooooooobbuooao
gogboogobbooobbooooooboobbboboboboboboon
gogdobobouogobboboboboooodboooooooboboooobg
000 200000 CcCCDOOU0U00O00NNDOoUDUOoUDUUooooooo
00000000 PHSOOOOOOOODOOODOOOO TMSUKB|IOOOOO
goooobboobobboooowwwioooooooooooooooo
0000000000000 000O0000000 MopbooDOooUObooOO
goobbooboboooobbooobooboobobbbbooobogan
gbobbobuboobbboooood

ggoobogbboooboooouooobbogoobooooouoboaa
ggboobobbobobbuodbbooobououoboooobobbboo
goubobboobouobbuoodobooobbboobbooobobobbo
guodbbbogbbbuogooouoobboboboboobbuoobbobon
gbbbboooboboodobuoooobbbbbooobboooobbn



gogbbodbuoooobbuobooobobooobobbobbabbn
gobogbobbobobobooobbbuoooobbbouoooobbbooonon

1.2 JU00oouoooooboooon

gbooggbdboogooogboooobbobbbobbbobobobogd
00000000000000000 fjjoo0o0o0oo0oo0oooooood
gogobboobbobdoduogoouoooboooobooobboobon
gbboobbooobuouabobbooobbobbubboooboobod
00000 0000000000000 O0O000OOoDOOODO

e JUOUOOO

gooooubbbobuoobboboboboooooogoobobobobo
gogbobobobobbooouoogooooboooooooooobooboboon
gbbogbbobbuobooooobobooobobobduboooogo
gbboobbbboboooobbbodooobobobbbobbbobobo
gboogobbobobbboooobogbobbbbobuooooood
gguobobogoogbooboobobooboboboo

e O 36000OO0O0ODODODO

godgbobbboobdooobobbuobboooouogooooboboo
gogduoooobobbbuoobooooobobbboouogooaon
gogodobooobbbodoooobobbobobooobboboo
gobobobbbbootooobobbooog seobboooobban
gbooo

gbboobobbooooobobboooooboooboboooobobobooobn
gogoogbuobbbbuooubooouoooooobooobobobbbooodad
0000000000000 000000oOooOoDoooOOoODOO fjoooo
ooboobobooooobbboubboonD telesar oo oo
0000000000000 0 BUOD0U0000000ooooooooooo



gogboobbbuoodgbboobbuoobbooobooobboobobad
gbodbboooooooboboboboboooobobobbobobbood
gobbobboobdooooobbuoobobbobbooobbbbobbod
gboooboooobooooo

gobobobbobogooobgoseobbboguouooobbboabn
Virtual Dome Q)0 0 0000000000000 O00OOOOOOOOOOOO
gbboboogobogbbbooubobboooobboobboooobobod
ggbbooobbbuooboooobodobouogbgobobboobbibo
000000000 0O0O00OODO0ODOO0DOO0ODOOOOOOO 0OoOoO
gogobogbbooobbobodgouoobboobbbooobbbboo
gobogboouabdobooobuouboboobboobboooobood
goboooooooooo

gobboob3seobudobboboooboogobuobuoooooood
goboogboboobooobboobobbbbodoboboooboooobbon
O000000000O0oOoOoooOoO 1L, 12, 30000 0oooooooogd
ggooooguuooobbobbbbbbbbooobobobbbobobobb
gobboooobobbooood

gboggobogodgdeobgoououbbobuoobboobuoon
guobbobbbodobbobobbbbobbbbbdobbooooobodoan
guogoggboooboboobbboobboobbbobboboooboogn
gbogboboooobobbobod

O remote reality O [14]

gogdgboboboooougogoooobbboooooooobbon
obobobbooogboooooooobbooobbobobobdd HMD
godoboooobobuooooouobboobogog 10 Hand Held TV
Recorder OO0 0000 0ODOOOODOOOOODOODOODODOOO
ggdbobouboodoooobuobuodoboboboooboobuobooo

O mobile robot O [15]



Lehigh
(Reiitote

O 1 remoterealty: 100000000 OO0O0OOOOOOOOO0O

gogoobobboobooooooobuoobooouoooooboboooo
0000 (0 2p020000000000000000000000OO
gogbooboboboobbboooooooooboobbbuoooobobooboboan
gogobooogoon

gbobobodouobboodgbuuooobodoooboboobobbobboobn
guobgoboboobbobbbuoooboobbooobuooboboboon
gubbooooogbbobooobbobbuogoooooobooobod
gboboboboooogbobobooobbbobooobn

gobboogbobobobooobseobbubboboboobbbooood
000000000000 (1600000000000 0000O0O O HyperOmni
Vision[17/0 00 0000000000000 0O0OO0OO0OO0OO0OOOOOO0OO
gbbobbboooobbobboooobobbougubbbooooboboobo
O000000000HyperOmni Vision DO OOOOOOO 360000000
ggogoobobbbbbobuobobbogbooubbooooooobon
gbbbbdobbooobobdoodgbooooboobboubooooboboo
gogobogbodooobooooouooboooboooobboobbobon
gbooogbobdooooobobbbobooobobooubbouoon



0 2 mobilerobot:0 00000 0ODOOOODOOOOODOOOODOODO

1.3 Juubooooogon

gbbouobbboobboooooboboobboobobobboogbg 20
gogdbbooobdoobbbooobbdoboooobobobbbooad
0000000000000 0o0oOo0ooooO [1guooooooooooo
gogbbuoooubooouob1oboboooobuouoooobn

000000000000 00000O00000ooooo(UooO)oo
gobbgbobooobbooboboobboooug 20b00bboon
gbbobodogbouooabbobbbodobbooobbbooboooood
gobboboboboboobboooubooobooogbuooooboboboa
gboogboobogo

gobobobboobbbooboobboboobboobbobbobood
guogbbboobbbouoboboobuooogoboobobooboooobg
oboooooooboob0 ccOooboboooboboooobooooooobooo
gobobobobobogbbuobbooooobobbboboobobobobobo

gbbuoodoooodbooboobbbboobooooobbobboob
oo puuuoboobuoooooobbuodbboooooboooooon
gobobobuoobbogbbbuodgoouoobboooboooooaboon



guoodbobobdoodboooodgbbbooooboboobod

gobbodboboodobboooobboobooogoobuooobobooba
goodgboobbogooooboougboogobbubbobbodgogo
gogbboogboobdbboobooob oo 20000 obooooboo
gobobuoooobbbooooobooogoooobooooboobogo

gbobbobd20bboagbooboboboobbbbabbooooods
goboobooobobbooooboboooboooboboo cGuuobnoo
gogbbuooooobbooobobobduob40b0buooboobobon
ggdbooobbbooboooooooooobooobbobboooboa
gboobobooggoobd



2. Joooouooboboboobuobooboboubobn

O0OO000bO0odboO0bOdn HyperOmni Vision D OO D OOOOOOOOU
godbbooboobbbooobbooobbboobbuooooboood
gbobbooboobobboooboooobobbobbuobbuooboboooboad
goubbobbbuoobooobbduoobboobbooobobbboooon
ggobobobobbuoooboooobooboooooobboooboaad
g3eoboupoguogbooboboboboobboagbbooooabbbooo
gugdodgdgoobbooboduobbooobooobbboooobobbboo
gbbobodooboodobboooobooooboobbobobobboooad
OO0 HyperOmni Vision OO OOOO0OOOOOOOOOOODOODOODO
gogbboouoogobbbooood

2.1 00000000 HyperOmni Vision

0036000000000 0000000DO0ODOODODDOODLDOOOOOOOn
000000000 HyperOmni Vision 0 00000000 OOO O OHyperOmni
VisionOOOOODODODODODOODOOODDODODDODODODOODOOODOoOoooooooon
000000000000 0dD0O0oDO0obOOoooo0ooooooDoOoooog
0000000000000000D0O000O00O0OO00O0OO00OOOO (2010

2.1.1 HyperOmni Vision [0 00

O000002000 HyperOmni Vision D 0 O00O 0 OOOOO HyperOmni
Vision(1)O HyperOmni Vision(2) 0 0O 0 O HyperOmni Vision 0 0000000
00003000000 30 (h)0000oooo0ooooooooooood
oo oooouuooooouooboonooooood
000 HyperOmni Vision(1) 000000 OO0 OHyperOmni Vision(2) D 0O O
00000000000 000Uo 2000000000000 3(c)0OOD0O 2
oo o,0o0. 0000000000000 DLO0ODLODODODOODODODOOO 0,0
o.0000000000003(c)D00DO0 ZOODOOOOOD 30000



(a) HyperOmni Vision(1) O O (b) HyperOmni Vision(2) O O

O T 5%

RE=0

.z /Sy
c

1 p;

b (X,¥)

# ¥ \ EEE
5 0p BASOLLRHD)
()00o00o0o

0 3 HyperOmni Vision



0 1 HyperOmni Vision(1) 00 0000

a 42.1 mm
b 42.7 mm
c 59.1 mm
gooo 150 mm
goooooog f 5.4-64.8 mm
gooo 1/3” IT CCD
gooon Joobooooo 20000000 900

0 2 HyperOmni Vision(2) 00 0000

a 25.09 mm
b 42.08 mm
c 59.1 mm
gooo 62 mm
goooooog f 5.4-64.8 mm
gooo 1/3” IT CCD
gooon Joobooooo300oooon9on

00000 (Xw)oooooooooooooooooooo o,00000
000000000 o.00 (1)000000000000 HyperOmni Vision
godoobobiod 20000

00 XE+y: 2
a? b2
(Z>0)

0000 Oy : (0H¢) (1)
(c= va@TF)

00000000 O¢ : (0MO- c)
DO0D0@DBE: 0000000000



000000,000000000000000000000,0000000
000,0000000000000000000000 0,00000000
000000 (000)000000000000

0000000 0, 0000000000 0,00000000000000
00000030000000 P(XY®)00000000000d p(zi) 00
000 (2)00000000 (0 3(c)00)0

Xf(b* )
(b + 2)(Z — ) — 2bey /X2 + Y2+ (Z — c)?

Tr =

Y - &) (2)
(B2 +2)(Z — ¢) = 2bey /X2 + Y2 + (£ — c)?

2.1.2 JO0O0bOoooooooon

HyperOmni Vision 0 00 0000000000000 400000000
ooooboooobo oyoobooobboossonnoobooobobooDog
gobooooooboboob oy0ooobbbbboobobo1obooboon
000000000000 00000000000000000D0O0O00O0 4(a)
0000000000000 ooooooooooooooD 4p)00ooO0d
000000000 4000000000000 00O0O00O0OOODOO0ODOO
gogbbobobbobobbobobboobobbooboooboobboon
0000000004 00000000003600000000000000
0000000000000 4p) 0000000000000 OOOOOOO
gogogboooboogd

2.2 UO00OOooooooboooada

gboobobobbboboobuooogoobooooooboooabbogn
gogbbodoodgbboooboobbboobdobobooooboobbbobo
gogobooobbobbbbobobbboobbdouoooooobobbon

10



(a) 00000 (by0Ooooo

U4 00ogboobooaon

gbgobugbboouooobobobobb

OO00D00O0000000 HyperOmni Vision O OO OOOOODOOOOODO
000000000000 0000000000O0 2000000000000
gobooboboboobobobooobobobooboboooboboboboog 90
gboobgooobobbbobooboobooboobobobdg

23 UO0oOoooooobooaoa

gbobbbgbogbobobobbbooobobbobobooboboobobod
gooboodboboobooboobobbboboobooboobooooLobo
goboboobobbobbooboooboboobooboobbboooboobob
goobbooobooobbobobooboboobooobbbobobo
goobobooboobboboobobbbboboooobobbbogog
gobobgoboooo

goddooooobuooooboobouobbobuoboboobobbooboon
gboooobooboooosgoboboboboboboobooboobon

11



By t+2
FFZlt+1
B Zlt

Bt Y
Ry OEEHD O S

U s ugaobobodg

goooboood
gobbedudooubboogbbboboobbuoooooooogn
gooogbubbodbboobodbbooobobbodgbooboobbo
gboboooobboobboobbooobbugobuooooooonon
ggobbdodoboobbbobbboboobdoouoooooobobbo
gogbbobdgboboobbbobbobobboobobogooobuoobobooboo
ggbouoobodbouobbbbobbooobooooobooobbon
0000000000000 00000000O00O0DOODO0 (DOO0DOD)0OO
gogbdgobobbbobbobbbobbodgoboooooboboobbon
gbbooobbbdobbbuooboobbboobbbobbooobobon
ggdboouoooboobbououobboobobobboooboooobobo
gbbbbobboooooubbbbbooobuobobobobuoogubg
gobboboodbbbbooobbbooduoobbbooood
gbogobobooobboogbbobbobbooobobobobbdobbo
guodbboboobbobbbooobbbbobbooobbuobboobbo
goboboooboboooooobooo

12



E B DS MER

HHOEHMHER

U6 dbobobobobobboboobooboobod

3. Uogoboooobobbbtuobobtuoouon
0d

gbodgdgbooboooboboobbbobuoobobuooooboob
gbdobdooooooboooobbobbboboobuoobboboboono
goodbooboboobooobooceccoooooooooobooboboooo
gbobodbuooogbboobogbboobbboobbbuobbbooabb
ggguugooooouoobbb saiguooouooooobn 3200
oo

3.1 J000goooobooooon

oobooboobobooboboooo voobobooobooobboobbo
guooggobobodbobbobbbobuoobbooobboobbbboo
gbogoboobodobobbob2b0bu0obobobbobooboobobod
oboboooboooobooboobooboobobooboboboonD pcOoOboObDOOO

13



notePC  #m#BLAN BHORyE

RIEE HEH

07 00000000000D0D0O0Db0O0

ooobobboobooouobobbobobooo LANODDDODDOobDooDDbo
gooodoooooooooobooboooboboboboobbo HMD O
gogbbbouoooobbobbobbboboobobooboobobbuobboobn
goobooodb ugrboooooobooooooogMbioon sbooogn
gogoooooooogboboooobbdobbooobodooooboaad
gobooooobobooboobuooboobbosMDOOnDooo b
00000000000 8(a)d Nomad200 0 000 OO Nomad2000 000
bbb bbuooooboobobobbooboobo
gogbooboouobboobbbboooobobooooooooabod
gbbodgoboobbbbbdooooobuooobouooboboboooobn
0000000 8h) 00000000360 0000 74emO00000000O0OO
Ulsgddbbbdooooggbobbbobbodoboobobdoooodao
gogbboobbbodoooobbuooooboobbobobboooooon
gogdbobboooobbuouooobbboooo

14



BERtE Y

/\

# +
(a)Nomad200 (b)Nomad200O0 00O O0O0DO

0 8 Nomad200O OODODOODODOO

obobobobobooooobobobooboobobobobooboooog
Oobooobooboooboobob 20000000000 0000bDb0
000000009 0000000000 0ooooooooooooood
goboo 20000 s000000b00b0b000b0b0obbobooonn
gboboogbobobooo20bboboobuooooboooooboon
gdbodgbogbboogobosubbgoobobuoobbooobbobn
gboboooboooobboooboobbobobbbboboooobn
goooooboobooouooobobooboobobobbooobboooubg
gbgbgoooobobooooboobbobboooboboooooubo
gboobbobboogooboobboobobob

obobobgoobbobobobbboboobooboboboobobooon
gobg200b0b000b0b0o0oobobooobuoboboboobbbo
gboboodbooooooouoooobuobboobobobobobooboobo D
gboooog

15



ARy & EEE VIR O B AEEOERE
— Y HEEDRE DRE

Oy EES

(a)000000O (h)OOOOoOOoOooooooooo

U9 udgdooooooobbobuogaoon

gobugbobboboboooboboboooboooooobooboon
0000 9000000000000 00O0O000DOO0bOUODOO0OOO
gboboobboobgoobbobobobobboobbobbobgoobosougn
goooodbooooboboooobbob 200b0bbo0obOobbobOon
gobobooboobooobooobobooboobobooobobooon
gbgobgbgoboobgd

3.2 JUooooood

gboobboboobobobooobboboooobobnobD cGgooo
gbooboboboboooooooobooboobobobbboobob 20
gbooboboooobgooobbbobuouoooooobobboboood
oboobooooboboooboboooobo cghobooopooooooooo
gbogogoon

16



- 3¢l

010 0bbobogodboboobobobobooogogbobogao

3.21 JOO0OoO0OOd

O000000000oo0oo0o0o00ooooooooooooooD (boooo
0000)000000000000000000000000000 NomadO
goboggooboobbbooboobooobobooobbobbboab
ooboooooboagMbOOoOOobDbOOoooobooboobooboobo
goboboodagad

giogoggouooogbbobuouboooobbbooobbboogd
gboboobbboooooboobboobbodobbboooobooood
gogbbdoodboogobbuonobobbbooooooboobobooobo
guobbobugbbbooobouobbboboooooboobboobobo
O0000000000000000 11(a)0D0000000000ODO0OO0O0O0
O E0dbDooooboobboob ROOODODODDOODOOODOOO
0000000000000 RO 1()D0DDOODOOOODODOOOOOOOOO
gogbbdobooobooobbbbbbobboooobbuooobbboobod
gobobooboRObODOODOO

17



HA#RE: SR8 A A

()00000000000000 (h)0ODOOOO0O0O000
011 00000000000000

3.2.2 0JOO0OO0O0OO

gbbbbooogobbuooobboooboobooboogbobboood
ggoggobb23googoobbobooooboboooobobbbbbooon
gboboggoogbobooobboooobobobboabobbooooobon
guobogbogodbbbobooooobboobbbbooobbboooboo
gobdgbobuoooboooobouobboooobbouooooobobbbo
obobooboboooboboooobooboooobo eMDOODOOOOoDO
gboboooooboobobboboboobboooobo ccGuuouobooog
gbobdogboooooboobooboogoboboobbobbbboon
gbbooooooobobuooobobboodadao

gi1i200bgboboobbobobobbobbboboobbbbobbob 200
gbuogooobgodbbooboboooobbobbbobobboobobon
gbbobobbbooobbobobdgubbooobbobbodobbbb

ob0ocGcUuuiuobobooooouooooubobobooooobogon
gubbd2b0buodbogubobobbbbbbooooobdoodgbbo
gbood cGU 3000 Bsooouoooooboobooobobo
OoOobooobO ccoonoooog

18



CGTERTTS
E#R

012 g0o0o0ood

013 ccObobouobbobbooboooouoobnuoong

19



4. DO o0ooobobooooooobooon

gboboooboodgbooobboobboobbbobuoboboood
gobboggobbtboooooboaobbboboboooouoooobbon
gogbboobobbbooobobobbbbdobooobooobbooobobod
gogdbobboobbboobboboobbboooboobboobbon
ggobgbbbobodoooobbbbooobobbbobbooboouobbo
gobbuotooggbbobooobobuoooobobbooood

4.1 0000

gbboubbboobboboobboooooobbooobobuoonobod
gooboobooobobooooboboobbooobbobDooobobooea
ggdbobooboobobbobbuooobooobbobooguaboboobod
gododgo

4.1.1 DOgogd

O00ob00oo0Oo0ooboooD s ooobobD oooooo
0000000 HyperOmni Vision(1) D OO OO

0400000000000 00O00O0000O0DO0ODO0DO 4oO000bOooobooo
gbbobooboo0ooboobbooboobooobooboobbobooobo
00000doobob0oD0o00o0o0oobOobobobooooobOobooOoo
000o000ddUd 10emJ0000000OO0OOOODODO HyperOmni Vision O [
goooog

00000000000 000 125em/00000000200/000000
O000DbO00oDOb0oO0oDbOo0 720x 4860000000000 0O0O0O0O0O 50
O0720x 48600 00000O0O0ODODOODODOOOOOOOOOOOOODO
4 0/00000000000000O0020000000000000000
10J00goool1000(O&D)0DDODDODOOOODOOOO WBOOOOO
O0D00000O0oOoooOoon

20



U3 uudgouboobgn

oooooood HyperOmni Vision(1)
ooooog Nomad-200
ooo SGI Onyx2 IR2
(MIPS R10000 195MHzO 16CPU)
oo0ooogo POLHEMUS
3SPACE FASTRAK
HMD OLYMPUS Mediamask
00 LAN RangeLAN2 (1.6Mbps)
oooooooo Premier Wireless CS-200

gbbbobboodboobbooobbbbbobobboobabboob
gboboooobobooobo gMDOOOoooosobooooooogg
gogdbbuooboooobooobboobbooobbobuabbobbobbo
goddoooobbobobobo2b0bogobbogbbobobbooboo
gbodooobboboooobbbobuobooooobboobobodao
gogbboodgbbooobbboogboobbboooboobbbbodabo
ool 65cm gy

000000000000 000000000000000 10lem(40inch)O
00000 15.2cm(6inch) 00000000000 0O00OOOOOOOOOOO
00000000000 10lem(40inch) OO00OOOOOOOOOOOOOOO
15.2cm(6inch) 0 0 00 0000000000000 O0O0O00O0O0O SGI onyx2
IR2(16CPU)D O OOOO

gbobooboogd 920ecmx 920em U 0000DO0O0O0OO0OOOO0O0O0O0OO
godbbooboobbbooboobbobobobboolsgoooooon
gobogoboboobbobbboobuduoobuooobooboboobbao
gogbodobbbuooboooooouabbbboooobuoobboobbod
gobobobugoboboobobbuodoobbooooooobbooab

21



014 000D000Ooooooo((@oon)

DED
(FEZF10cm)
A% <) SEDMRE
T YAl L 1 Al
fIEEDA=38 L

6. 5cm

B 7l ¢+0.150
=37 RV

B¢ ISk
4.5F

U 15 0bbbouggobobooogn

22



A

016 00000 (0D00D0)

4.1.2 0000

oooboobooO i1 100 40 4000000000000000000O000
woo200000000000000000000000O00OO0DO0O 160 aldbd
cO00000D0000OD0 1700 200 aDb0Oc¢(D OO0 aObOcOOODOODOOOO
0000000)000O00000000000o0oo0oooOoOoDOoDOoOoooOOO
obbobuggbooobb aMboObOOo0oodobooooobooboooo
goboboooboooo

obobboobobooboboooooooobuooobooboboobobon
gouoboboobboooobooobuooboboboboboboobooobo
oooobobooooboooubooboobblobooboobobgoo
0 1/30(0.033) 0010 0000000000000 0O0O 0.01600HMDOOO
0000000 1/30(0.033) 0000000000000 DOOOOODOOOO
obobobbooobobooboboboooboobooobbong ot
gbooooboooboooobooboobobobobboboobbobo
gbooooouooooobgoboboooboooooooooboobon
gbgoogobobboboobooboobobboboboboobod

oboobobbobooooboboboboobooobuoobooobon
goooboboogoboboobobboobooboboboboooubb
oooboboobooooboboooobobouobbobooboboono.o1e
gboboboodoggooesuuobbobuoodgobbn

23



017 0010000000000 (0:000000:000000000:00
00 adbOc)

018 0020000000000 (0:00D000DO:D00OD0 DOOOOD:OO

00 aObOc) 04



019 0030000000000 (0:000000:0000 00000:00
00 adbOc)

020 0040000000000 (0:00000D0:0D000 QODOOO:DOO

00 adbOc) ”s



4.1.3 Dugdboboboooouoooooooboobobobobbodao

gbbbbdobbodobobbobbbuoooboobbbobboobobd
gbboboooogbuoououooobbooooobouobuoooooaboo
ggbobouobbodoobbobboobdoobbboooobbooododao
gogooooon

gboboboboobobdolbboboououbogobboobobogn
g400000000000000000DO0OOD gMDOODOOODOOOO0
gugboboboobdooobbuobbobboobbob 03lemgg
googuubogobibib o3lemgnoogoboobbobbbblon
gobobobobobdobobooooobuobooboobbbooobbonon
gooobooHaMbOObDOoobOoobooooooooog

4.2 OJO0O0OO4O4Qg

guoddgbboooboobbobbbbobdbooobouoooooboboon
bbb ooooobbbboooboobbbbobbn
gobodubobbgoooobobbobuooooobbbooouo 2100 b
40 000000000000 HyperOmni Vision(2) D OO OO

gogdbobbobbooboooobooboooooobouobboooon
000000 (000 1))OboO0ooOoO0oOoOO0O0ODOOoUbOOoLOoOobOoOoDOooOo
000 (0002) 00000000 10000000 2200000001000
guobdbgbbodboobooooooooobobobobobboobobobobo
goooobbbooboobbobbbboobbuobboboooogon
bbb bbobbuobooobouoobbboobobooobo
guododouobobbbb20uoobuoobooooubboooon
goodddbbbbooob bbb bbuoobboo
ggooooooobood

gobobpsboboobobdggbbobouogbobobbooobbn
bbb oboboooooobbboboobooobooo eMDUO OO
gooboooMbUOUOoooogoobbboooobbosbouobuo4booob 1O

26



AR

HMD
DY

BRIGERE SEpTE PN E4 7
Ok EER REE

021 0O00DO00O0O0OOoOoOooO((@ooo)

04 00000000000

gobobogon

HyperOmni Vision(2)

gboooggo Nomad-200
gdd SGI Onyx2 IR2
(MIPS R10000 195MHz 16CPU)
O0Oooooo POLHEMUS
3SPACE FASTRAK
HMD OLYMPUS Mediamask
00 LAN RangeLAN2 (1.6Mbps)

oboobooo

RF SYSTEM labd MICROWAVE LINK(BS-120GR)

27




05 0ddoooogggon

OO0 a b c d
o000 4’017 | 4’50” | 5’407 | 6’57
O0oooo (0) 2 2 2 2

400000 2000000000000000000000000000
gobboodbooobbouoooboboobobbobboboobbboooooa
gbobdoooog2toggooooboooggoobbboooaoboogd

4.3 DOOOogooo
4.3.1 DUud10000000000000000

400000 (0 d)000000000000000000000 2300
0000D000000000000000000000000 2400000 23
0000O000(A)B)C)HG)DODODOOO(MYH)I)ODOD00000000000
(E)YF)(J))0OODOO0O0000000000000000000000000
000000000000000000000000000000000000
00 CGOO0000000000000200000000000000000
0000D00040000000000000000050000000000
0040000000000000000000000000

28



(byOoooo

022 0000

29



J—LiR

‘ @‘ Re—PBA

(A)B)C)G) FBRRE
(D)H)(D) FRIREE (EHREHRD)
EYF))) FRRE(RTLAERTR)

023 OD00J4000000

4.3.2 D0 20000000000000000

gobz20b000b 2s00b000uodbobboooobbabbbod
gobooobboogoguooboggoobbobgbobooobb4bbodn
gbobogboboobuooooooubobuabbbobobboodooago
gboobooooobobbbooboboobbobobboobbuooooooboan
gbobboboooobooboboobbabobuooooogobobobobboo
ggbboodobbdodobbboobbboobobbooobbbbbooad
gdoooobobobboboooobbboboobobbbboooaod
gboudgbouoogoooobbooboooobbooooobbobbod
goooboogd

4.3.3 0000 oOobOooooooo

060000080 (e0 A)ODODODDODOUUODOOODDODODODOODODO
gobdoobobooo1l1gsgooboooonoboooon

(0OOOo0OO00O00OO0O0O0O0O0O0 S0D0U0O0ODOO0b0 400000000
000 300000000000 20000000000 10000)

30



(a)000 (b)00000 (¢)000000 ()0000 (000000 left,right)
024 0004000000
31



U025 D00ooogoboooodo

U6 dbobogono

gd a|blc|d|O0 flglh
goooooobobobobgon 4141314137 (35|44
goooooobobobobgon 312141535 |111]3]5
goooboobobbuobobognog (4131412132531 3122
O0oobooboboboobboognD (4121414 35 |5(5(4(4
Jodobo0o0ooboobooobobOog (401513325142 (4(4
ccGOobooooooo 5/515|5| 5 |5|5|5]5

32




e JUOOOOOO

00ooooooo ()OO (2)ooo0ooUooboooooboooooo
gdotoboobuodudoooboodobboobboobbboooon
gobodgobobodboobobobooduooboooobooon 2
gbogdbbobbobooobbboobbbobbbbbbbbodadao
ggobobobbooboobbbobbobuoouoobbooboobobbo
godbobobooooboooobbbbbbboooooboobobobbo
gbbouoooobbbooobaobn

0000 4000000000 oooO0ooUoo0ooooooooO0O
godbooobbobougogoobbbbooooooboobooooon
gogbobbbobgogodano

o00oU0O0o0OO0OO0O0OOODOOOOO 3)UoooUooooooooOoo
gogdgboobbbobdbooooobboooooooobooboboo
gliogodgobobboboooobbbdobbbooobobobbood
gobodgboooobbbogo2ebbb0dbogonoobbbooobbod
Ooboobobobobooboobob ccghobobooboboboboOooog
godbbooegMbUOUoooooboooooooooouboooa
gboobobobobboboodgbobobobbbbbuooobbobbbdao
gbbbobbobbuoodbooobbudoobooooobobobobooobo
gbogdoooboobobbobobuoooboobdgboboooooooboon
ccsOoboooboobbboooooboobbooboboo

e JOOOOONO

000000000000 000000oooooO (h)obooUooooo
gbobodbubbboooobooobobbobooboooooobo
gbobduouoooooogubbbobooooobobbooobooboooan
000000000 000o0ooo0oooooooooooO(6oooo
gdooobobbooooooboboboboobo cgchboooobooo
gboooboooon

33



ARy kO R

020 D0uoogooo

34



5. oo

goodbobooobbbobboooobbuoboboobboobdoooo
ggbogodobboobbboobobbbbboobdabdoooooobbbbbo
gooboobooobbooobouoboboobobobobuoodd HyperOmni
VisionOUOOOOOODOOOODOOOOooooooboooooobooboooobo
ggobobuooobbbbobbooboogooseobgubboonoon
gbobbbodbuoooooooobobobobbogbobobbooboan
gogbboodbbbobobooooobdobooobobooboooooobon
gooon

gbbouogbboggboobobuooobbogbboboboobbdoon
oobobobooobooooooodoooobooboboooboobD cco oo
gogdbbooobboooboobuobdoboooobboooboboooobo
goboouooobbboobbobsbbouodboboboooobbaonoon
gogoogdgo3eotuobobboouubboooooooboooboooon

gbboooobbbbubobboouoobboboabobobbo

e OO UODO0OUODLUOLUODLDOLOOOODLDODLDOUODLDLODLDOOO
e JO0OODOOODOOOODDO CGUDLOUOOODODOOODODODOD

e HOUOODLDOOOOOOODLDDODO
godgbouboos3sbuoogbbbbuooooooobabbbb

U bboogdgbbbboooobbbobobob O

ggoobbobbobobdooooobbuoouobooboobboboboobobo
gbobobooboobboboboosoubbooobbobsgboogbon
ggdgbooooobbdobbbbuobodooodobobbospuoogbod
googbooboobbbouooooogoobbbboooooobn
gboboobbobbobbbuooooooobbbboboboooobod
ggdbbobboobooooboobbbbooooboboboooon

35



gogdbbbbooodobobboobbbbboboooobbobbbon
gboobbbooooboboboooouoboo

U obogbboobobood o

gogbobobbbobbbuooogoobouuouoooououooooobon
gboooobobbbbdooooobbobbooboooooooboo
goboboobbbobboooboobbbuoooouoooobooboo
gboogobbbbbdobuoodooobobboobooooboob
gogoobooooggooon

U oboodgbobbooogbbobb O

gogdgbbbbbouooodoobbbbdoodoooboooboboo
guogoboboobobbobdooooooboboboooboonoooon
gbobugoboobuobooobbbobbobobobboooobooon
gboobbbobooodoooooboboobobboboooboboboboon
0000000000000 [21,22,4,23|00000000000000
ggdbobbbbobooooobbbooooobobbbbbooobo
ggooobuoooon

36



HEN

gbooboboobogdgoboboooobobbooboobbobooon b
U bbb oubdoobbbbooubobuoobobboooobbbbodonoo
gbogbbuooooobobbodboboooobboobobooonbn

gbbuogbboogboooobbuoooooobobbo oo o oboan
gobobobooooobbb o0 bo obbodooooboboooobo

gboooboogbbodgbodbooobobbobbbbobbbob b
g bbb obbuogoobbbdobbdododudu oo bbb obobbbbdoo
oo

gbbboooboobobooobbbobbooboooobobobbod
o b oobb oo bboo bbb oobb obboobooogobon

gbbooogbobbooooboboooooboobooobbodag boo
g uoodoobdo boodabbo bbboodb obbbob oobbdad oo
oo obbodooboooooooboobooobbboobobboobobon
ggdgbbdooouobdd oooobbbobbboobbodoooooao
goobo
gbobboobooobdooooooooooobbbbobooobboban
gogbboogbbboubboobbbobobbbbbboo obbbdg ob
gobbogddboooooobuo ooboo oo oobobboobboobobo
gbooboogbbbbuoggbbboogobdobobooobbaobboaon

37



Ooon

1]

2]

3]

[4]

[5]

[6]

7]

8]

[9]

[10]

[11]

O000“00000000” (1998).

go,0ob0,0ooc“cooobboooooooooobobboobon, g
O0000O0OoOoooooO, pp. 445-450 (2000).

‘o0 0000 bo0 0o o00b0DbOobooooooon,
"http://www.tmsuk.co.jp/”.

00,0,00,000,00,000¢0000000000000000
0000000000000000”, 0000000000000000
0°0000000, pp. 2P1-35-047 (2000).

000“00000000000000000”, 0000, vold11, nol 11,
pp. 6-10 (2000).

E. Saied Moezzi: “Special issue on immersive telepresence”, IEEE MultiMe-

dia, volO 4, no 1, pp. 17-56 (1997).

K. Pahlavan and J. Eklundh: “Heads,eyes and head-eye systems”, ACTIVE
ROBOT VISION, pp. 33-49 (1993).

00010000007, 000000000000000, vold4, nol1,
pp. 64-67 (1999).

M. Hirose, K. Yokoyama and S. Sato: “Transmission of realistic sensation:
Development of a virtual dome”, Procl of Virtual Realty Annual Int[] Sym-
posium, pp. 23-28 (1992).

00, 00, 000“0000000000000000”, 0000,
CVIM115-16, (1999).

S. E. Chen and L. Williams: “View interpolation for image synthesis”, Proc.

SIGGRAPH’93, pp. 279-288 (1993).

38



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

M. Kato and H. Noyama: “International visual simulation in a quasi-three-
dimentional world based on the structuralization of images”, Procl Int[]

Conf0 on Artificial Reality and Tele-Existence, pp. 101-110 (1995).

S. M. Seitz and C. R. Dyer: “View morphing”, Procld SIGGRAPH’96, pp.
21-30 (1996).

C. Power and T. E. .Boult: “Evaluation of omnidirectional vision sensor for
teleoperated target detection and identifiation”, Proc] Workshop on Vehicle
Teleoperation Interfaces, pp. 299-306 (2000).

G. Thomas: “Real-time panospheric image dewarping and presentation for

remote mobile robot control”, Journal of Robotics and Autonomous Systems

(2000).

00,00,00,000000000000000000000000
0000000007, 0000, PRMU99-159, (1999).

OO0,00,0000«000000000D00O0000O0000O0DOOOOOd
OO hyperomni vision 0 O 0O7, 000, voll J79-D-I1I, nol 5, pp. 698-707
(1996).

oo,00,0b,0bo0“boodbboboboboboboboboboon
O07,200000000000000000000, pp. D-12-53, 240 (2000).

00,00,00,000¢00000000000000000000007,
0000, PRMUO0-170, (2000).

Y. Onoe, K. Yamazawa, H. Takemura and N. Yokoya: “Telepresence by real-
time view-dependent image generation from omnidirectional video streams”,

Computer Vision and Image Understanding, vol 71, 2, pp. 154165 (1998).

H.Kuzuoka, S.Oyama, K.Yamazaki, K.Suzuki and M.Mitsuishi: “Gesture-
man:a mobile robot that embodies a remote instructor’s actions”, Procl

CSCW?2000, pp. 299-306 (1999).

39



[22] E.Paulos and J.Cannly: “Designing personal tele-embodiment”, ProcOIEEE
Int0 Cond on Robotics and Automation, pp. 3173-3178 (1998).

23] 00,000,00,000“000000000000000 interrobot O
000000000007, 00000000000000000°00000
00, pp. 1P1-77-118 (2000).

40



