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00000000000000000000000,000MUO0O0000O000000O
0,00MUOO0O0O0O0O0COO0.

000,022000000,0230000000000000.000,00000
0000000000, 0000000000000000000000000000.
00,02400,022,02300000,00000000,00MU0000000
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(2) 000000000000
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000000.00,0000,00000000000001/20000,00MU0O0
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00000000000000040ms 00 80ms0,2000000000. 000, 0
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0000000,000000000000000000 (000,000000000
000,000000000000,00000000000000000000,000
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000030000000,
(3 0000000
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0000000 10000,00000 1GbpsOOO.
0260000,000000 28ms00 36ms000,0000000000000,
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00000000000000000000000.000,00000 40ms0000,
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18



(U8)
S
1

195 % confidence interval

=)

[\

N
B
]
]

(=)
A4

)
S
=
5
(oW
S
7
<
(€]
e

% Player (1SCSI)
-©- Video playback program (1SCSI)
~-Windows Media §
= Video playback

Average MU rate [MU/s]
S &

()]
T

e}

8 16 24 32 40
Additional delay [ms]

S

023 0000000000 MUOODO (DOOO: 100Mbps)

000,0000000MUOOOOOO0OOOOOO0000000000000000
00000000.0000,0000000000000,0000000000000
0000000000000.000,000004ms00000,000000000
000,00000000000,00MU0OOOOCOOOO0OOO.

(4) 0000000000

0000000000 (SCS) 000, 000000000000000000
(RWIN) O 32kByte, 64kByte, 96kByte, 128kByte 100 000000,000000
OoO0OoMUOODOOO 27000.00,00000000000010000,00
000 1GbpsOOO.

02700,000000000000000000 (64kByte) 01000000000
0000000000, 00000000000000000000,00000000
0000 MUOOOOOOOOOOOOOOOO. 000,0000000000000
0000,00000000000000000000000000000000000
00000000.0000,00000000000000000000000000
000,000000000000000000,00000000000000000

19



(S)
S
1

-~ Windows Media Player (1SCSI)

[\
()]

-©- Video playback program (1SCSI)
- Windows Media Player ( CIFS)

\®)
S

= Video playback program ( CIFS)

Average MU rate [MU/s]
DN

10
5t [ 95% confidence interval
0 ——
0 8 24 32 40

16
Additional delay [ms]

024 J00O0O0OO00OODOOMUOOO (ODOOO: 10Mbps)

gogodooooboooboooodoo, oo bbobbbbobo0oooog
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Shared space

Learner terminal

Haptic interface devices
(PHANToM Omni)

041 O000O0ODOOOOOODOODOOO

gbooboboboboobooboboobobbobooboobobboboon
goobobooooobobooa

0000 PHANToM OO OOOOOOODODODOODOOOOOODODODOOD 1kHzOO
0000000000000 MU)O0OD0ODO0O0O0O00D00D0O00O0O0O 30HzO0OOOO
0000000000o00o0oDoooUoO p4)o0o0o0ooooo

43 0ODO0ODOOOOOOOOoOoOO

0000000000000 00000000000000000000000 MU
D000 MUODOOOOOO MUOOOOOOOOOOOOOOOOOOOOOOO0O
00000000000 MUOOOOOOOOOOMUOOOOOOOOOOOOO0O
0000000000000000,000000000 Vistractor 10, 00 Vin(> 0)
0000. 000, Viestructor > Vin 000000000, 00000 MUODOOO MU
0D0o00000o0ooon,V,=0000,000000000000MUCOCOC0OO
000 (00,000000000000000000)00000,000000000

gooooo,oo0oocMuUbDObOO0OOOO,boo0b0O0obDOobDOobObO. DO, VOO0

44



Shared space
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0000000000000 000000000O0o0 NISTNetOOOOOOoOoooOOO
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Deterioration

(a) Instructor terminal  (b) Learner terminal (c) Learner terminal
(without error control) (Replication with
priority consideration)

048 OOOOOOOOOOOOOODOCOO

gboboboogoboboboooboboooobobooood
goobobobbooddoooooo,ooooobobbobobbbooodgooooon

000000000000 0000DO0D0O0,00000D000 Replication 0000

goboboogoooboooobobuoooobbooooooboooooboobo.

452 000O0O0O0OOOOO

000000000000 0OO0ONIST NetOOOOOODODOOODOOODODO
MOSOOO 49000. D0D0DO0OOOO0DOODODOO MOSODOOODDOODODOOOO
D00 MOSOODOODODDOODOO0ODDOOOOODODDOOOOO

049000000000000000 MOSO0ODOOOOOOODOOOODOOOOD
000000000000 00Replication MOSOOODODODODODOODODOOOOOO
O000000000000MOSOOO00O0OO00DODO00DODO00DDOO0O0OO0O0oOoOoOn
o000 MOSOOOOOOOODOOODOO0ODOO0ODOOOOOooOOoOoooogoon
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s | i s
= no

--A-- Replication with considerati
7 b -©- XOR(5) without consideration
-3 RS(5) without consideration

-<-- Half MU rate without consideration

-A- Replication wlithout conslideration

0 5 10 15 20 25 30
Packet loss rate [%]

049 0D0000OD0O0DO0O0OOOOO MOS (NISTNetOOOOOO)

00000000000000000000000000000000 4300000
43000000000000000000000000000000000000000
2000 2000000000000000000000000000000000000
0000000000 (0 12%00)00000000000000000000000
000000000000000000000000000000000000000

000000000000000000 490 MOSOODODOOODDO0000000O
00000000MOSOOODD0000D000000000000 MOS 000
00 V2, 00000,0000 Reolewing 10000, 00000000000000
Rislowingd Vi 0000000000, 000000000.

V(2 = —24.178 + 28.557 Rioliowing (4.2)

O000000O0DbO0ObO0bOO0oO0b0O0 o094 0bo0db. ooboboboooobooooo
oooo,MOSOO00O0OO0O0DOO0O0ODODOOU0DOOOO0.ODOO0ODOOO0OoO
0000000000000 0000000000D00000 NISTNetOOOGQOOOO
gogobbboooobobbuoooobobboooonoo
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043 000O0O0OOO0OODOOOOOOODOOOOO

oo oo gooooooo

— ajslsi=isln 80.1kbps
oooo XOR(5) 84.7kbps
RS(5) 89.3kbps

MUOOOO
88.6kbps

Replication
0oooo XOR(5) 95.7kbps
RS(5) 111.6kbps

MUOOOO
159.5kbps

Replication

46 0OOO

gooobobbbooooobbooooobbboooouobbbooooobboo
goooobobodooooobboooouoobbbooooouoobboboooooobooboobog
o0oo0O0oooOo0oobDOobOOooOoobOoboOoooDOoboboo MUDOOO MUDOO
ooooMUODODODOOODOOODODODOOODOOODODOOOOMUD 200000
Replication0 XOR OO OOOOOODOODOODOOOOO FECOOOODOODOOOOO
ggoboboooobobooooboobboooboobboooooboooobbooog
gogoboboooobbtbooobobbooobb bbb bbb bbooog
gobobboboooouoobbboooouoobboooooobbooooooobobooo
ggobobooooboboooooobbooooboboboooooboooobobooog
goobboooobobbooouobboooo

gobboooobobboooobbboooobobboooobboooobbbooon
ggobbooooboboooooobbooooboboboooooboooobbooog
000000D000QeSOOO0OOD IPOODOODODODOOODOD IPODOODO
goobboooobbboooobobbooobobbuoooobbuoooubboboo
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50

Joooobobooobobooddtd
HRERERERERE

51 0000

gbobobboooobboobobbboooooooobobobobboooooooobooon
0000000000000000000 [5],[6],[23]-[25),[55) 000. 00O [23],[55]
g, b0o0ogoooboobobbboodooooo,ooooobobobobooooooooon
ocobooOoooobooboooooo,bo0o00oooboobbooooooboooDoo, VIR
0 Virtual-Time Rendering 0 Skipping 0 OO0, 000000000000 O00OO0OO
0000000000000 D0O0O0O0O00. 00,00 [2400,000000000
ddddododooooooa,bboboboobbbbobobbbobobbobobobbooboon
ooo0oo0ooO0ooooooooboOo,bobO0obDO0obDOobDOooOOob0Ooo0oog, VIR,
Buffering 0 0O Skipping 000, 00000000000 00D0OO0ODOOOODOOOO
00000000. 00 [25)00,00000000000000DO000DOO0O0OOOO
00000000000000, QM (Queue Monitoring) [101] 0000000000
gobbooobobodg,guobbuda,guobbboooobbooobboodanbn
doo0o0o0o0ooo0ooOoo. ooo,00 (B, )00, 00000000, 000
000000o0o0o0oooooUo0oooooon (Adaptive Buffer Control. O
0,ABCO0D0)0000000.0000000000O00OO0DO0O0OOOOODOOO
gobgooobooobbooo,ggbbbooobbuooobbuoobobooo. b
ub,00booboboboobobobooboooboobobooong.

0000,000000000000000000, VIR, Buffering, Skipping, QM

27



OO0 ABCOOO. 0O00,000000000000000D000D00DO00OODOAO
000000 24 (0000000000000 0DO0O000OOO0O [(B1Jo0000O00
0)0,000000 [23]000000 [55|000000,0000000000000
oL, D0, 000000000 UoUo-@
gogobooooooobo.boo,gobboo, bbb bboooobobUoOog
ggoobooooooooon.

O0,52000000000000000O00O00OO. 53000000000 DOOO
o000.540000000000000000D00D0ODOODOODOODOD. 550
oooobogoooo,sed0oboboooboobon.

52 0O0O0O0O

0000,00000000000000000.000000000,0000000
0000000000000 1,000000000 2,0000000 3000.00 1
00,00000000000000000, 0000000 PHANToM DESKTOP
26],[27], PHANToM Omni [26], 28], SPIDAR-G AHS [29] 0000 Falcon [30] OO
0000000000000.000,0000000000000000000000
00000,0000000000000000000000000000000. O
020000 30, P2P (Peer to Peer) 0000000000, 00 200,0000
000 PHANToM Omni 0000, 000000000,00 300,0000000
PHANToM Omni 0000, 0000000. 00000000,0000000000
0000000000000000000000000000000. 00,00000
0,000000000000000000000000000000000. 0000
0000000000,00000000000000000000000000000
00,00 1000000000000000000000000000000,00 2
000 10000,0000000000000000000000,00000000
00000000000000000000. 000,0030001000 20000
0,00000000000000000000000,00000000000000
0000000000000,00000000000000000000000000
oooo.

00000D0000000000000 (0000000000000000000
0,0000000000000. 00,MUDO0) ([240000000,00 10
1kHz [27), 00 20000 30 30Hz [23],[55]000. 0000,0000000000
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goooooag.

521 001

00 100,0 5.1000000,0000000000000000000000O0O3
JoooooooooooooobobooooobO. ooobo, 000000 ooo
PHANToM DESKTOP, PHANToM Omni, SPIDAR-G AHS 00 00O Falcon OO O
ooo0oo,0 520000000,0,0000000000000 (0 510000
Jooooooooooooooobodoogoo. 0ooooooooooooood
DDD*l)DDDD,DDDDDD (0 5.20000)00000 (0 5200000000
0,00000000000000000000O00DO0DO0OO0,0000D0)00000
OO0O00odoo. ooooo, 0000 PHANToM DESKTOP 00 PHANToM Omni
OO0oooooon SPIDAR-G AHSOO FaleonOOODOOOOOOOOOOOOOO
0000.0000000,00000000000000000O00(OO0DO,O00
ooooooooo0oo0oo0o 1/4000)00,0000 1000.000000,00
00000000 (0 52000000000,0000000000000000OO
000)00000,0000000000000000000.0000,000000
ddddddooooooooooooooooooboooooooobobO. ooO,000
O00000,0000000 PHANToM DESKTOP, PHANToM Omni, SPIDAR-G
AHSOOOO FaleonOOOOOOOOOOOO.

0000,00000000000000,000000000000 [24). O0DOO
oo0ogd,0o0o0000000000000, 000000000 MUDDDDODODODO
OO0o0ood, PHANToM DESKTOP, PHANToM Omni, SPIDAR-H AHSO OO O
Falecon 0000000000000 OOOODOO. O0OOO0O0OO, Spring-Damper 0O
00 [27)0000,0000000000000000000000O0DO0OOOOOO
O [27].

*I PHANToM DESKTOP 000000000 (00 x 00 x 000)0 8.7 mm X 129.7 mm X
80.7mm0000000000000000. 0000,000000 51000000000000
0oo0O0O0Doo0ooo.
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PHANToM DESKTOP

MUs (Positional information

of PHANToM DESKTOP . PHANToM Omni
Server or SPIDAR-G AHS) Client
Force calculation| l@l‘_
for objects Calculation and

Image||  output of
update| | reaction force
T

T
[Position update of objects|
T

Position update . Intra-stream

of objects MUs (Positional synchronization control
information of objects)
051 00 100000000
Object < ~ Target

Cursor *

=N Orbit

0 5.2 00 10PHANToM DESKTOPOOOOOOOOOO
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051 O0OO0O0OODOO

gooooobobobobon ao ao ggd
PHANToM DESKTOP | 120 mm | 160 mm | 120 mm
PHANToM Omni 120 mm | 160 mm | 70 mm
SPIDAR-G AHS 120 mm | 200 mm | 200 mm
Falcon 7HSmm | 75mm | 75 mm

522 0O0O 2

OO0 200,0 53000000,200000000 P2POOOODOOO. OOOO
O0000,00000000000 PHANToM Omni 00000000, 000000
000000o00o0oUooO0o0Ooo0. 0000, 0 54000000,00000000 (O
152mm, O 214mm)DDDDDDDDDDDDDDDDDDDDDDDDD,DDDD
gooodo. ogooooooooodon [23],DDDDDDDDDDDDDDDDD,
gooooooooooooooooooooaa.

000000000000, 0000 PHANToM OmniO0OO0O0O0O0O MUOOOOO
oo uUubpPpOODODOODOOO. OOOOOO MUDDODODO,000D0DDDOOOOO
0. 000000000000 PHANTOM Omni 0000000000000 OOOO
gooood [23].DD,DDDDDDDDDDDDD 0.056N/mmO0000. 0000,
goodooodoooooououo. oo, 0o oodouooooooonod
0 [23], [53].

523 00O 3

OO0 300000,00 2000,200000000 P2POODOOOOO. O0O0O0O
00000000,00000000000000, PHANTOM Omni (94000000
0000. 0000, PHANToM Omni 00000000, CG(Computer Graphics) [
goodgoon (D 132mm, O 92mm)DDD,DDDDD.DDDD,PHANTOMOI’HIH
o000, 0000000 (DDOODDO 0.05N/mm)DDDDD. 0000 PHANToM
Omni0O00O000O0O,0 65000000, 000000D000D0DODO0O0ODO0DOOODO.
b, 0bodouooo, oo oouoooooonoooouooon.
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Learner terminal

Position input

Instructor terminal

[MU transmission [~

Position input

/| MU transmission |

MU reception|

PHANToOM [Omni
,/l

Intra-stream
VA

synchronization control

Intra-stream
synchronization control

|Position comparison|

Calculation and output

of force
+
Figure drawing &

position update

|Position comparison|

Calculation and output

of force
3

Figure drawing &
position update

053 0020000 300000000

Instructor's track

Learner's track

054 002000000000
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OpenHaptics Toolkit (PHANToM 00 0000) [28) 0000, 000000000
00000000000,0000000000000000000000000000
0,0000000,000000000000000000000

000000,0000 PHANToM Omni 000000 MUODOODOOOOOO
UDPOOOOOOOO. 000000 MUOOOOOOD,000000000000
00,00 MUDDOOOO. 00000000000000 PHANToM Omni 00 O
00000000000000000000 [23. 00,0000000000000
0.05N/mm00000. 0000,00000000000000000. 00,000
000000000000000 [55. 00000000000000000000, 0
O [57]0000000.

53 000000

o000, 00 10000 3000000 ooo0boo. booo,0booOoO0oo
0000000000000000,000000000000000O0O0O00 (NIST
Net [75))000000000. NISTNet0OOODOODOO, 00000000000
gjodooooooooooooooooboboobbbobb. bbb, 0000000
I A A I A
g, gobobboooooooo,ogogobbboooooo,bboooobbooog
ggoooobobooobooog,boddoooooooboboobbboogoooog
goobobooobobboooob.obb,0bodbbbooobbboo,oobbood
gogodooooboooobooododoo, oo bbbbbbobo0ooUoOog
ggoboboogobooo. bbb, gggboobooooobobooooobooon.

531 OO 1

(a) NISTNetOODODDODO

O000,0 56000000,000 (CPU : Xeon 3.06 GHz, OS : Windows 2000)
O00oO0oooOd (CPU : Pentium4 1.5 GHz, OS : Windows 2000) O NIST Net O OO
O00000. NISTNetO,0OOODODOODOODODODDODOODODODODOOD MUOODOO, O
0000000 (700000000000 o00. D0o0,00000,0000000
goooboOoooooMUDOOOODOODOOOOO.
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055 00 3000000000

(b) 000000000

0000000,0 5.7000000,000 (CPU : Xeon 3.06GHz, OS : Windows
2000), 000000 (CPU : Pentium4 1.5GHz, OS : Windows 2000), 20000000
(000000000000 000), 100BASE-T Ethernet 0000000000 200
000 (Cisco 2611) 0000000 0. 20000000 V.35000000 (2 Mbps
000000)000000. 00,00000000000000,000000000
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PHANToM DESKTOP

Network emulator

Server (NIST Net) Client or
b= -a I
e R ! R \
——— ———

056 00 1(a)0000000

ggobobooooboo,boggobobooon.

00000000 DO0O000ODOboO, 42 Byted000D00O0CO0ODOCODOODO
ooOoooo UbPOO00OODODOOO. ODODODO,00DO0O0O0OO0DODODODOODO
ggooobooooooo.

532 0020000 3

o0 2000 300000000000 bDO0o0bOoboboOobg.

(a) NISTNetOODODOOO

0 58000000,00000 (CPU : Pentium4 2.8GHz, OS : Windows XP) OO
0000 (CPU : Pentium4 2.8GHz, OS : Windows XP) O NIST Net 0000000
OO0. NISTNetO,00000COO00DOOOODOOOOOMUDDODOO,O00DOO
uboobuobobooboobooobg.
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Data sending terminal Data receiving terminal

> o
Switchinglhub ~ Router Router Switching hub

G e +—fesrati) = [oo=1  PHANTOM DESKTOP

S R @/
MUs

or

- : - | q

Server Client '

<
o

mni

SPIDAR-G AHS

Pl

or
Novint Falcon

057 00 1(b)00000O0

(b) D0ODOOO00OO0

059000000,00000 (CPU : Pentium4 2.8GHz, OS : Windows XP), 0 O
000 (CPU : Pentium4 2.8GHz, OS : Windows XP), 20000000, 100BASE-T
Ethernet 0000000000 200000 (Cisco2611)00000000. 0000
000000000000000000000000UoOUOoD0OOD 1(b)DDOOOO.
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Network emulator
PHANTOM Omni  Learner terminal (NIST Net) Instructor terminal PHANToM Omni

058 0020000 3()0000000

Data sending terminal Data receiving terminal
Interference data -1
i — — o — ) — ] — )
Switchinglhub ~ Router Router | Sngchmg hub
I MUs _ _ _ _.
MUs (work 2 only) ‘
PHANTOM Omnl (_ ................................ —_ PHANTOM Omnl
: ‘—-_7 o
Learner terminal Instructor terminal

059 00 20b)0000 3(Mb)0000000

54 JU0U0UOUOuUuUooooooon

0000, VIR, Buffering, Skipping, QM 00 ABCOOOOOOOOOO. 00O
00000000000000,000000000000,MU00O0000000, 0
0000 MUOOOOOOOOOOO,00MUOOOOOOOOOOOOOO0O0OO.

Skipping 0, 0000 MUOOO,00000O00O00O0MUOOOOOOOOOO
000 [24. 000000000000, 000000000000000000 IMU
00000000, 00, Skipping 0, 0000 MUOOOOOOOO. 0000, MU
0D00000,00MUODOOOOOOOOOO. 00000000, MUDOOOCOO
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0oo0ooo0ooo (coMUOO)0OODOOODOOOOUDOODOODO,00000
goooooboboboboooooooooooooooon.

Buffering O, 000000000000 O0OOODODODOOOOOOOOOOOOO
0 [24) O0O0DDOO0OO0OO0O0OOO0DDOOOOMUO,0D0O0O0OO0OO0OOODOOO (OO
0000000000 X00O0)0oOoo.0ooooo,0oooMUO,000000
000O00DbhOo0oooooboOooDbO. obooo,MUDOODO,00 MUODOOOO
X00000O0O0O00000. 0000000000, Skippingd QMOOO, 0000
0doooboooooooobo,0o0MUODOODODOODOOODOO.

QMO ,0000 MUD,00D0O0O0COD0OO0DOODOOOOOOO,00 MUODOOO
00000.000,0000000000000MUCOOOD [101]. D MUDOOO
0oo,00000 MUDDOODODOOOOODOO 100000, 000,000000
O,00o0ooMUDDOOOODDOO T, 000D0O,00MUDDOOOCODODO,
ooooMUOOODODODOO OOODOOOD. DOoOooO,MUDODOOOOO,O00 MU
oooooo,00MUOOOOO0DOODOOODOODOODOOOOOOOODOODOOOn
ooo0. 00,00000 MUODODDOOODOOOO,00D000 MUODOO MU DO
ooooo,MUOOODOOOOOOODOOO. ODO,0000MUDOOODOOODO
0oooooo,0oooMUODODOOOODOO. OODOoO0OOoooOOoD,o00 MU O
dooooooooooooog, o000 oooooboooooon
0o0oOO00. 0b0,0000000000,0D000D0DO000D0O0O0 MUOODOOODO
D000, Skipping 00000000000,

ABC O, Adaptive Buffer Approach 000, 0 0000000000000, Time-
Adjustment Mechanism 000, MU OOOOODOODOODODOODOOOOO [5]. Adap-
tive Buffer Approach 000000000 NOO MU (OO MU)ODOD0OOD0OODOOOO
O00,0000000000D0000O00O00000O00D0O00O0ODO. O0O0,MUDOOO
O00D0D00000000DOo00oO0Og 20000, Time-Adjustment Mechanism
OMUOOODODOODODOODODOODODOODOOOOO0OOODMUOODOODOODOOOO
god. gooooobooodou, bbb oodonoooooonoad
goooooooo, g0 oo oooooboooooon
O0.000,00MUOOOODOOODOODOOOOO.

VIRO,0000MUOOODOOOODOOOOD,000000((00000D0DO0OO
00000000 MUOOOOOOOO)ODMUOOODOODOOOD [24). 0000
000000000 MUOOOOODOOOOOOO (DOO0O0OODOOO0OO0OODOoDOUUOOOO
OMUOOOOOOOO)z; 0, A/(MUDOO0ODO0O0)-Ty(MU 0000 0)+Jmax(0 O
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000000000000000)0 Ay(0000D00)000000, A + Juax 00,
oooooooo,y+A,000.000,0000000000 z,0 9+ (T, —T1)
00,000000000000000D0DODO §,000000000,000000
00000.00,,0000000MUOOOO0OO0O0 ,0, 2.+ Sp_1 (So=0)00
o.o0o0,MUO0OO0CO0OOC0ODOODOOOOO,0Db00bOO0OOODODODOObOO, O
oooboOobOoboo. oo, MUDODODODODOOOOOOOOODOODODODOO
g,0o0obobobbbbbboooooog,ggooooooobobb.gogooooooon
goo,bbbobbbotboboooo00ddddd0duUuug, bbb Lo O
oOoobOOobOOobOo,b0ob0b0obDOooDoooboobooboo,0co0MUDODODODO
ggoooooooo. oo, oUoog
goobooboooono.

00 1(a) 00O, PHANToM DESKTOP OO OO, 000000000000 OO0O
000000 52000000000. 00000000, VIROO,000000 Ay
O6bmsO00000,0000000000O0O0O0O0O0O0OOD0OOUODOOO,bDDODDODO
O6bmsO00000. 00,Ay03ms0000000,000000000000O
O00D0O0,0000 35ms00000. O000000O00O0ODODODOO0O Juax O
Ag 00000 (Joax > Aa) 0000, Juax < Aq 000000,000000000
000000000000, 000, Jyux < Ag 00000, Jua 000000000
O000D0O00000. 0000, JnaxO 10msOO00O0OOO0OODO. O0ODOOOODO
0000 [24)0000000000D0.

Buffering 00, 00000000000 XO 10msOOOOO,000000000
ooobo. ob0,20msdooobOO, 00000000 DDOO0O0. Dooooboo
O,X010msd 20ms00O000O.

Skipping0 0, 00000000O.

QMOO,00 7,0 1500000,0000000000000000000O0O, T,
ooooDb 1s000. 00,0000 1000.

ABCOO,00 MUO NDO 200000000,00000000000000000
goobobO, NOODOD 2000000D00OD00O0. 00, NOT7TODODOOODOD, OO
ooooboOobooOobo,0b0ooYobooon.

00 1(b) O PHANToM DESKTOP, 00O 1(a), (b) 0 PHANToM Omni, 00O 1(a),
(b) O SPIDAR-G AHS, 0O 1(a), (b) O Falcon, 0O 2(a), (b) 0000 3(a), (b) O
O0000,00 1(a) 0 PHANToM DESKTOPOOOOUOODOOOOOO, 00000
O0O0oDbO0bOO0OOo0O0o0o0O0ob. 0D0ob00o0o0oO 5.2,0 53,0 04000 55000
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052 00 1(a)00000000000DOO0ODOODOO

EEEEEE 0Doooo EEEEEE |
[ PHANTOM DESKTOP | PHANToM Omni | SPIDAR-G AHS | Falcon |
VTR 000000 Ay [ms] 35, 45, 55, 65 [ 35,45, 55,65 | 30, 45, 60, 75| 40, 45, 50, 55
Buffering 00000000000 X [ms] 10, 20
Skipping oo oo
QM 00 Ty 1, 5, 10, 15
ABC 00 MUO N 7, 100, 150, 200
053 00 1(b)DDDDDDDDDDDDDDDDDD
EEEEEE ooooo EEEEEE
PHANTOM DESKTOP PHANTOM Omni PIDAR- H Falcon
VTR 000000 Ay [ms] 50, 55, 60, 65
Buffering 00000000000 X [ms] 10, 20
Skipping oo oo
QM 00 Ty 1, 5, 10, 15
ABC 00 MU 0 N 7, 100, 150, 200
054 00 2000000000000000000O
[Ooooooo | EEEELE [ 00 2(a) 0000000000 [ 00 2(b)0000000000 |
VTR 000000 A,y [ms] 100, 120, 140, 160, 180, 200 | 20, 40, 60, 80, 100, 120
Buffering 00000000000 X [ms] 20, 40, 60, 80, 100
Skipping oo oo
QM 00 Ty 1, 5, 10, 15
ABC 00 MUO N 7, 30, 60, 90
055 00 3000000D00O0OODOODOOODOO
|DEIEIDDEI | goooo | goooood |
VTR 000000 A, [ms] 350, 400, 450
Buffering 00000000000 X [ms] | 350, 400, 450
Skipping 0o oo
QM o0 Ty 5, 10, 15
ABC 0o MUO N 7, 10, 30
gooad.

55 0000

ddddodddoododoouoouoououoouooououogooug, oooooooad
0. PHANToM DESKTOP OOOODOO 1(a), PHANToM Omni 000000 1(a),
SPIDAR-G AHS 000D DO 1(a), Faleon 00000 D 1(a), 00 2(a) 00O
0 3(k)00000000,00000000,0000000000. 00O, PHANToM
DESKTOP 000000 1(b), PHANToM Omni 0 00000 1(b), SPIDAR-G AHS
000000 1(b), Faleon 00O0DOD 1(b), 00 2(b) 0000 3(b)00000D00
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0s6 O0OOOOOO

g gooo

gogooboood
ugoobooooboooood
goooboooobooood
gooboood
ggooboooooo

=N W =] Ot

0,00000000,00D0000000D0. 0000 1500 200002000000
000.000000,ITU-RBT.500-11 000000 0000, 0000000
MOSO Mean Opinion Score) [85] 000 0.

00 1(2)0000,000000000000000000O0DOO0DO0ODOODODOO
o0O,0b000oO0O0oO0O0oO00o0obOobOobD. 00,00 1oDooMUODODOO
1IkHz OO0OO0OO,0000000000000D0O0,MUOODOOCOODODOO,0000
goo0o,0000o0ooMUOCOOODODOOO,000000D00D00D00O0DOO
oooob.booo,0bo0b 1omsb0dbooobgoobon.

OO020000300,0000000,00000DO00O00D,D0DODOOODO
ooooO,002000000,0030000000000,0000000000000
gooooooooooooooooo, oo gog, bboooooog, o
goooo. oo,00 2000000000,000000000000000000
gooooooobbobboooooooooouo. oo, 0ogo,b0boobo
dooodoooooooooono, o000 ooo,0onooooooooon
doogobooonooooooo. go,0b0gog, oo ooboooooon
goooooo, bbb oobobuoobbuoobooboo. oo
ooo,00200,0000b0000DO0OO0ODO.DO0,00 300,000D0b00O00O
gooooooooboooooo,oooooooooooon.

oo, 0o booob,boouoo,ouo
gboooooouooud. boobo, bbb ooboouooouooooog,
0000000000000 0,056[8)0005000000000000000OO
goo.oog,gooo, 0o gogooooooon
ggd.
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OO0 100,000000000DO0000DOOO0DDODO0OD. 00 200,0000
goooooooboboo. oo, obbbooobbbooobobbooo. oo 3
g, b0ooddooooooobooobob. ooo,ggooooooooboboobobobonod
gojoodoooooooo, g, bbb OO
0. oo, oboboobbo,00oboooboooboobobo,0u 1,00 200
o0 3000 2000000000000 0O0.D0obOOo,bob0O0O0,000O0DOoO
0o0o0,000000 5000 200000000000O.000DO,D00D000O
ooo,0b0oobgoob s0bobb0booobbo. oo 1oboobobobooo,
00 2Mb)00s00,0000000004000000.

56 JOOO4Oong

OooOo,001000000000,00 20000 30000D000O.

5.6.1 OO 1

5. 6. 1. 1 PHANToM DESKTOP O OO

NISTNet 00000000 DOO0DODOODOOO,0000000000000000
ggobobooooboboooobobooooboboooooo.

(a) NISTNetOODOOODO

0000000000 MOSOO 5.10000. 00000 9%% 0000000000
0.0 510000000000000000,00000000DO00O0,MOSODOOO
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