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Real-Time Networked Telepresence by

Multi-casted Omni-Directional Videos*

Tomoya Ishikawa

Abstract

Telepresence is an emerging technology which provides users with a feeling of
existing in remote sites by presenting the virtualized real sites. As we can capture
images of a scene and display them in real-time, real-time networked telepresence
has received much attention as a next generation network media by integrating
broadcasting and network communication technologies. This study focuses on the
telepresence using omni-directional videos that enables users to see a remote site
interactively. The purpose of the study is to realize a high-scalable telepresence
system that can support a large number of users and a novel view telepresence
system that allows users to change not only the view-direction but also the view-
point freely. Firstly, Chapter 1 gives perspectives of the studies for realizing rich
telepresence and conventional telepresence systems. Chapter 2 proposes a high-
scalable real-time networked telepresence system for supporting a large number of
users. To realize the high-scalability, the proposed system takes advantage of the
view-independence of omni-directional videos and transfers the omni-directional
video using a multi-cast protocol. Chapter 3 then proposes a high-scalable novel
view telepresence system based on the system proposed in Chapter 2. Novel view
images are generated in real-time from multiple omni-directional images captured

at different positions. A prototype of novel view telepresence system is described.

* Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0561004, March 24, 2008.

il



The quality of generated omni-directional novel view images are evaluated and the
validity of the system is successfully demonstrated by the experiments. Finally,

Chapter 4 summarizes the present study.

Keywords:

telepresence, omni-directional video, networkJmulti-cast[Inovel view image, real-

time processing

iv



0 O

1.

00
1.1
1.2

1.3
1.4

1
obooooooooboooboooobooon oo 1
oboobooboobooboobooboobobobobb .. 6
1.21 0OO0OO00OOOODOOOOOO0OOOO0OO00bO00bO 7
1.22 0O0OO00OO0OO0OOOOOOOOOO0OOO0O .~ ... .. 11
I 24
OOOO00O0 ... 28

gbobooogobbougobobooobobobbooobobog 29

2.1
2.2

2.3
2.4

2.5

2.6

0 29
gooboooooboobobooooboooboooooboog .0 30
221 0O00O0ODOOO0ODO HyperOmni Vision . . . . .. .. .. .. 30
222 0O0OOOOOODOODOOODOODbODbODOOOOboDoO ... 32
gooboooooboboooobooboooogno e 35
000000000000 ooOoooooboobOooooooo
I 36
241 0DOOOOODODOOO .« ..o 36
242 000000O0OO0DOO ..o oo, 37
243 WebOUOOOOODODOOOOODODOOO .+ .o .. 41
I 42
251 0OOOOoOoOoOobobooooobooboooooboboobog ... 43
252 OOOOOOOOObOOOOOobbObOOOoOoOoobobDbOod
OO0 .o 46
0 o1

gboboboooobbooooobbbooobobooooobboo 52

3.1
3.2

I 52
I I 53



3.3 obobobuoooobobouooggbooboooobooog .. 54

34 UO0O0OO0OOOOoOobooboooobobooog .o o7
341 O00O0OO0O0OO0OOOobOoOoOobooobooog ... 29
3.42 0000000O0O0O0O ... oo 60
343 DOO0O0O0OO0OO0OO0O MorphingODOODOOOOOOOO ... 63
344 00000000 Viswal HullOODOOOODOOODOOODOO o4
3.45 UO0OO0OOOOOoObDObOOooooooog ©o0 oo 67

3.5 Ub0b0bobouooboobobouooboboooobbbuooodgn 68
3.5.1 0000000 ... o 68
352 O00OOooOoOOooooboobooobooog ... 73
3.53 U0OO0O0OOOOoOoOobobObuoooboboobbuooabon

0 86

3.6 UObObOouoogooboooogboboooon oo 90
3.6.1 O000O0O0OODOOOOO ... ... . 0 ... 90
3.6.2 O000OOO0OODOOODOOOOO ... 00000 .. 91

3.7 gbobbobuoogboboooobobooooboo ... .. 95
3.7.1 0OD0O0O0DOOO0OO0ODDODOO o000 oo 95
3.72 0O0O0ODOOOOD0O .o oo oo 96
3.7.3 0000000000000 ... oo 104

3.8 OO oo 109

4. 00O 111
41 0000000 .. e 111
42 0000000 .o e 112

00 114

gooo 115

vi



O 0O d

c N O Ot

10
11

12
13
14
15
16
17
18
19
20
21

OO000D000000000SONY O EVI-D700 00 Panasonic [
BB-HCMAS81O . . . . .o
oboobobooboboobobbooobuooobooobood

gbobobooogobobouooobbobboooooobooo
obooboooooboobooboobooobo ...
oboooooo  HMDODOOO0OODOO0o00bOO0000b00d
[OYTYOS] © o oo oo e e
0000000000 [BOO02] ... v ..
O00000oooooooooooo [moo3) @ ..
PanoViOOODOODO [YDOL] © oo vvvveoee oot
OO00000000000D00D00D0000000000 Aspen
MovieMap [Lip80]0 O O Uyttendaele 0 0 O 0 0 O [UCK+04]0
OO00000D00O00O00D0O0O0O0OLeicad D TCR1105XRODOO
Riegl O O LMS-Z3600 . . . . . .. .. . . . ..
3D RoomO 300000000000 [SBKO3] ... ... ....
oobooobooobbooboobbooboooboooboobn
00000000000 [ZKUH04] « . o oo oo
View Morphing [SD96] . . . . . ... ... ... ... ...
Image-Based Visual Hull [ MBR+00] . . . . .. ... ... .....
O000000oooooooooOg [ooo4) ...
O0000000000000000000O0 [0oo4].......
0000000000000000000000 [KKO03] . . ..
0000000000000 000000ooooon [KOos)
000 25000000000000 [STYYO0O] . ... ... ..
O00000oooooooooooo oo v ...
HyperOmni Vision OO OO OOOOOOOOO ... .......
obooobooboooboobooboobg o000

vil

10
11

12

14
15



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48

I A 6 34
I I 36
obooboooooboobooboobg c. 0oL 38
I Y 4 1 40
000000 [@Coo3joooooooooooog ... ... .. 40
I 42
OO0PCOWebOODODODOO .. oo o oo oo oo 45
I 0/ D 46
obooboobooobooboobooboobooboo .. ... 48
I 49
I I 49
goboboooobbobooooooboog .o 20
I I 53
DO0O0000000 .. o o4
oboobooooboobboboobooboobuoobgn 55
goboboogobbobooooboboood oo o7
goboboogoobobobooogobobooodgn oo o8
I I 60
DO0O0000000 .. o 62
OO0O00000 M ... 62
I 64
00000 Visual HilOODOODO ... 0000 oo oL 66
I I 66
obooboooooboobooboon o000 67
oboobooooobooboobog .o 71
ooobobobobooboboboooobobobobon

I I 71

goooboobbooobbbbbooouuooooooooon
I I 72

viil



49
50
ol

52

23

54

%)

56

S7

58

59

60

OO0O0OoOoDoooOoPSNROODOODOO « o0 oo oo oo
gboboboooobboboooobboboooobobogo

ooobbobooobobobooboboboboboobb
OO0O000000 ..o 0
obooboboobobooobooobooobooobobon
PSNRODOODOOOOODOOODODOOOOODOOOO 0.66mO0
Udb 1.3mddonon26m0d . o000 0000000
gboogboboobboobudbobobbooobodoboogn
obooobboobboobooobooobbooobon
oobooboobolgbogboooboobbbobobob 40
I
gooobbobobobobbbotoooooooogoboboooon
OO0 PSNROOODOODOODODODOODOODOOOOOOOOOO
U000 Im0O000000000 2m0000000000 4m0

Doobooooboooooobobobobobobobobon
OO0O0OO00obDOoPpPSNROODOOOOOOOODOOOOOODOD
goboobiod imbgoooobobo 2mb0000oonon
U0 4mb . o000
OO0b00o00obO0oobo0oooooPSNROOOODODOOODOO
O0O00b00000b0s512x512000000768 x 7680000
001024 x 1024000 .. .. ... o0 oo
gogbbodgbboobobbbuooogbuoobboooooogn
UO00D0O000 ..o
OO00O0000000ob00obOo pSNRODODOOOOOOOO
Obooooobooo300b0o00400 ..o
obooo pPp.O0D0OO0OOOODOODDOODOOOODOOOD
oovooooooooooobooogg oo
OOoo0oboob0oGobobbooboooooooovooooog

X

75

76

7

78

79

80

82

83

84

88

88



61

62
63
64
65

66
67
68

69

70

71
72

S Ot e W N

ooobobooooobobobgo pP.OO000OOL0DDODOOO

goboboogg3rouggaboboog oo ... 89
00000000000 Epgratee OO 00000000000 89
obobogoboooobooboboobooboobooog ... 9
obOooooooobooboon o000 oL 91
gooobboobobbbbboboooooooogoboobboon

I L 94
gbooboobooobooboooboob HoMDOD DO &L 96
oboobooboooboobooboobog ..o 98

O000000O00000b0O00000a0000010000bO
gboogbl1gbodbogboobbooboobodgboon

I 102
OoboobboOob0ooboobogbbabbbOob1b0o0dbd

OO000012000000c0d0O0 .. 0000000 o oo 103
obooboooooboobooboobooobo ... 103

gbobobooogboboboooobbobboooobbobooodgb 104
gooobobobobobobobboootoouooooooboobbon

UOO0D00O0O0 ... 107
[]

OOO0O0oOoDoOoPCOOO ... 44
I I 47
goboboogobbobooooboboog ..o 25
I 97
obooboooooboobooboobooobo ... 99
12000000000000000000 .+ .00 108



1. OO

O00O0000bO0O0bO00OO00bO0o0ooO00bO0o0obOobOoOOoboooDOooD
00000000000 000Telepresenceld [Moe97|0 00000000000
0000000000000 MITO Massachusetts Institute of Technology [J
Marvin Minsky OO0 000000000 O0O0ODOOOOOOOOOOOOOOOO
000000000000 000000000000000000000000
O000000000000000 Min800000000000000O0O00O0O
0000000000000 00O0DO0000O00oO0o0oO0oooDoOoDOoDO
O0000Db000O00O00bO00ODOO00obO0o0obO0b0oooO0obOoOooDoDO
000000000000 00000O0000000O000DO00O0O0D0000
000000000000 000000000000000000000000n
000000000 0DbO0000O0bO00oO00obOoobO0obooboOooDOooo
OO0DbO00O0O0o0Oooon

g0oo0oooooOOoooOoOO0O00bOOO000bOoObO0o0ooboboOoOoooon
0000000000000 000000DO00000DO000O0DO000000
000000000000 000000000O0000000000O00oDoon
O0000000000000000000000000DO00000O0000n
OO0000Db000O00O0O0bO00O0O0O0O0bO0oDO00ooO0oDbOoOoDOoDO
OO00000O0bO0O000O0bO0o0O0bO00oO0boooDoDbOoOOobOoOOoDo
000000000000 000000O000000000o0gn

1.1 Do obooooooobbod

gobobbboooooooboooobbobbbooooobbbboogo
gbooboboooboboobooboobobobobooboboooobobon
gobbooooooobobooooobobbbooooooboobobbbbooooon
DoofD0000OD0000000OooOOO0o000ooooooooooog
gboboobooobooobobobooboboobboboobobon
goboooboboobobobooobbobobbobooboboobon



O 1 0000000000000SONY O EVI-D700 0O 0O Panasonic  BB-
HCM5810

0 [00 06,00 06,00 06]0
00000000000000000000000000000000000
000000000000000 [Par00, Ear96, 00 9900000000000
00000000000 0000000000000000000000000
00000000000 00000000000000 10000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
0000000000 TVOOOO0O0OO0OO0O0000000000000000
0000000000 00000C000000000000000000000
000000000000000000000000000000000000
000000000

000000000000 00000000000000000000000
0000000000000 00000000000000000000000
0000000000000 2000000000000000Web00000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000@IO0O00000000000N0nono
0000000000000 00000000000000000000@00
0000000000000 00000000000000000000000



@A A5l

—

QBRR R X

OHEESEE

FOTATHAS A&

U2 000boobbodgoobbobuoogbobobbooooobooooboo

OOoboobooboboobobooo@euoooooueboooooooo
Oobooobooooooob@uuoboooooooobbooooobooobDo
Ooo0oobOobooooobooboooobooobooboo@boooooobooo
gbooooooboboobobobooboboobooboboobobon
gboobobooboboobobobooboboboobooboboboobon
gbodboogbbuogobobooobbooobobooobboooobboab
gboboogbbuogbbuoooboogoooboboobboooobbooon
gbbooooobboooobbbuoooon
gbooboobobooboboobobooobuobobooboobobobg
gbooboboobobooobooboobobboboboboboboobon
gbooboogbbuoogbbuogbbuoobobboogbboobboobooon
gbobobooooobbuoooobbobooobobbooooboboboo
gbbuooouogbobuogobooobooobboobbooobooon
gooboboooooboboobobobboboooboboobobon
0000000 [00o02,000200000000000000O00O0ODOOO
0360000000000000000000000ODO0ODO [COH85, YNY91,
0096, KYIT98, 00 02,00 03|00 0000000000000 OOOOO
gboboogbbuoogbbuooobbouoobbboobobooobbooon
goboobooobooooobobobobobobobobobobobob
gboboboboboboboboboboboboboobo3boboon
Ooboboooboobooboboobooobooboooo pCcobbOOb0bDOnO



FHIE R RE

>

EHMHAS RIRIFHR

E & ZEHRPC HA#E

BREG WRER

A
7,

A
>

AAAA

AN
>

BHOHHAE

O3 000b000booboobobbobooboobon
gbooobooboobooboobobbobb

OOopCOOO000O0O0OO0DOOOOODOODOOOODOODOOOOODODLO
gboobobooooboboobobuobboboboooboboobobon
oobobobobobooooboboboboboboobobobobob
goobobooooboboobobuobboboboobobooooobn
goobobooooboboobobuobooboboboboobobon
ooobobbobobobobobobobobobOobobobobobob
oboobooboobooboobobbobbobooboos3bobooo

gobobobbooooobbbooooobobbboooobbbbogo
goobobooooooboboboobobuoboobobooboboon
O0000000000000000 [OYTY9, OO0 020000000000
000000 HMD(Head-Mounted Display) 0000000000000 O0O0O



T
EREE | ESbU Y EHMDERELLFIEE

04 0000000 HMDOOOOOOOODOOODODOOOOOOO [OYTY9S]

obobooboboobbobooboobooboobooboobuonbobo 4
gbogooooboobooboobooboboboboobooboobob
gboobooboobobooboboobobobboboboobobobon
000000000000 00000000000000000 [CB61]0 VRO
00000000000 [Sutes)|0 0000000000000 0O0OO0OOO0
goobobooooboboobobuobbbuoboobobooboboon
obobooboobooboobgn
gboboooobobooboboobobobooboboboboobo
gbooboboboboobobooboboboobobobobbobon
gooboboooboboobooboboobobobuobooboobobobon
oooboboooboboooboobobooboboobobobobOoooo
gboobobooooboboooobobobboboboooobobon
oobooboooboooboooobbooboobooboobobooboobon
gboobobooooboboobobobbobobooboboobobon
oboobooboobooboobobbobooboobooobon



1.2 OD00ooogobobbbbbobobobbbbobbbooood

gbobooooboboobobobobooboboboboooobo
gbooboboooobooboobobobobobooboboboobon
obobooboobooboobonbbo

gboobooooboboboboobobobooboboboboobo
googbobooooobobobobooobobuoboobobooboboon
ooboooobooboooboobooboobooooboboboooobon
gbooboboooboboooooobuobooboboobobooooDon
gboobobooooobobodoboboobobobobobobbobon
gboobobobooboboboobobobooboboboobobon
gbobooboboooboboobobooboboooboboboobonbon
oobooboboboboooooboobobobobobooboobobobon
oboobooobboobbooobbooboooboboooboooon
gbooboboobobooboobobooboboobobobobooobn
gbooboboobobooboobobobooboobobboboboobon
obobooboobooboobobboboobooboobon

gboboooobobobooooooboboboboobboboboboobo
ooooobooboobobobooboobobooooooboboobbobon
gboobobooooboboobobobboboboobobobooobn
oboobooboobooboobobobobooboobooboonb

gbobooogboboboboobobobuobboboboboobo
oooboooboooboobod

A. 00000000 O0OO0O0OoooOoOo0oOooObOOobOOooboOooooboboooDoD
gbobbobobbuouoooobbbbbboooooobobboobboogo
gbobbuoogobbbouoooooobbooooobood

B.00bOoOobOooboobooboobooboobooboooobooo
ooobooobooon

C.0obobobobooobooobooboobobobobobooooooo



gbobooogobobooooooboo

D. 0bogdboobboobboobuoboobbobboobooboobn
ooobooobooobooboobon

gboobobooooboboboobobobooooobobobbobon
gobooboboobobuoobobuooboboboboboboobon
gboboobbooobooobboobobboooboobooobbooon
gbooboogbboodgbobuoboobobbooobbobbooobboan
gbobooooobbooooobbogo
gbobooooboboobobobobobooboboobobobo
gboobobooboboobodoboboobobobobobobbobon
gboboogbooobboobobooobbuooobboobbooobbon
gbobbooooobbooooobboooobobobooooboboon

1.2.1 DO0O0ooooobooooobbooooobooo

gboobobobooboboboboobobobooboboboobo
gbobooooboboobobooooobobobooobobobbobon
oooooo

gbobooooboboobodboboobobuoboobobuoboooDbo
O00000000000000000 QuickTimeVR[Ched5| 000000000
QuickTimeVROOOODOOOODOOOOODOOOOOOOOOOOODOOOO
gboobobooooboboboboobobobooboboobobon
obooooooooobobobobobobobobobobobobobob
goobdoboooboboobooboboobobobobooooobobon
gbobooboboobobobooboooboooboboboobobOon
gbooboboooobobooboboboobobobooobbobon
OO0000D0000000QuickTimeVRO WebODOODOOOOOOOOODOO
gbooooboboobooboobobobooboboboobobobon
gooboboooooboboobobuobboboboobobooonbon



0000000000 000ogon

Onoe O0ODODODODO [OYTY98] O QuickTimeVRO OO OOOOOOOOOO
O0000Db000O00O000O0O0OO00DO0o0obO0b0oooOOoboOoOooDOoDO
O0000Db000O00O00bO0oObO0bOoO0o0oDO0b0oooO0obOoOooDoDO
000000009 000000000000000HMDOODOOOOOO
000000000000 0000000000O000000O000DO000D000
000000000 oobOoobOOoooobooo pCOO00bODbOOOOnO
0000000000000 0D00000D00000DO000000000000
0000000000000 0bO000O0bO00oo0obooDOOobbOOoDOooo
OO0DO00OO0oOoDooon

000000000002 000nee0 000000 ODOOOOOOOOOO
0000000000000 0000000000000000000D00O0O
000000000000 000000000000000DO00000D000n
O0000Db000O00bO00o00obO0o0obO0oO0oDO0b0oooO0oboooDoDoO
DVTSO Digital Video Transport System0 OO0 OO0 OO0O0OO0OOOOOOOnoe
000000000000 000000000000000O000DO000D00O0
O0O00O0oooooObvOoOoooobooDooboboobobooboooon
O0000000000D0000000DbO0D000bO00oO0o0obOOooOgndPeer
toPeer 0O 0O0O0ODO0ODOO0OOODOO0ODOOPCOOOOOOODOODOODO
OO0o0obOooboobooboob 1o pCcO0Ob0bOo0obOOnD PCOO
oO0o0o0o0oboboOobobOobobobObOobObobobooboooosb00o0ooo
O00000 OnoedODOODODOOHMDOOOODDOOOOOODOOOO
OO00O0DOoooo

O00O0000bO00bO0b0OO00bO0o0oO0bOobOOo0obO0obOoOOoboOooDOoon
O0000Db000O00O00bO0O0OO0O0bO0oOoDO0b0oooOOobOoOoDoDO
000000000 00O00bO00bO0b0bO00ooO0obOOoOoDOOobObOOoDOoOO
000000000 00ooooooooooooooooooo ooo3od
000000000000 00000000000O0O00DO00O0O0oD000n
0000000000000 0000000000000000O00oDOo00



BERTEE X4

DVLa—% s4y—Jpn g9 avi—4axa

EANEGE Y

IEEE1394

FybT—H

|
PSR ZIEE

05 0000000000 [OO0 02]

gbooboboogdbbuooobooobbooobooobbooobooon
gboboogbodobuogobboobboooboooobuoobbooon
0003 00000000000000O00O000OO0O00D0OOOOO0OO
gbobooobobooboobobooobobobobobobobbobod
gbooboboboobobobobogubogbobobobooboobuogon
gboboogbbuogbbbogbbuogbbogbooobuooobooon
gboboggbebogobbuooobbobbbooobbouooobbooon
oboobobooboboobobooboboooboboboboobobon
gbooboboboobooboboobobobooboboboboobon
gboobobooooboboobobobobobooboboobobon
gbobooooobbooognbooo
ggbbuooobobuooobbuoogbbuooobbuooobbuooobobo
0000000000000 000 PanoVi [YDO01]O LiveSPHERE[O 0O 03] 0 O
O0OPanoViODOOOODOODOD 70000PanoVIODOODO 4000000 900
gboobobooooboboobobobbooboboobobobobon
gbb4000000000D0O000DDOOO0ObDDOOO0bOoOoOobbOOOn
godbobooobobooboboboobooouooo4000obobon



06 000000000O0O0O0OOOOOOO [O0O 03]

OO00000obO0o0bob0oob0oobboobOoOoboobog pCO GPUO Graphics
Processing UnitU 0D 0000000000000 O0O0O0OOO0OO0ODOOOO0O0
gbobooboobooobooboboboobobobobobbobon
gbooboboooooobobooboboooboobobobbobon
gbobooooboobooboboobobooboboobobooon
obooboodbooobooboobuobboboobooobg

LiveSPHEREO OO OOOODOOODOOOOOOOOODOOODODODOOOPanoVi
ooooGpUDDOOOOOOOOOOOOOOOODODODOOOOOOOOOLO
gboobobooooboboboboobobobooboboobobon
gobobobobooooobobobobobobobobobobobob
goobdobooobobooooboboobobobuobobobbobon
gboobobooooboboobobuobboboboobobooobobon
goobobobobooboboboobobuooboboboobobon
ooon

PanoVilO LiveSPHEREO OO OOOOO0OOOOOOOOOOODOOOODOO

10



—| (1) Capturing stage Ii —I (2)Transmission stage

(3) Viewing stage Ii
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