A B A= 3D 2T~k oo v =
9 oo doly e A7 3zt doly #g LU
2 o=gl gl B2 dojge) Fop & AT SR S RS HE 5
&35t AREAF =<9 (immersion) ] 7 28 Fotel dAew AE
R A RTANE) 1= B PA DS I DAK - | sk WAt £7 7Hd #74d (Distributed Haptic

{dinoman?, mysung?, kjun®, nam1park*, srlee °, jong®@incheon.ac.kr
An Experimental Study on the Transmission Efficiency of
Haptic Data in Distributed Haptic Virtual Environment

Dong Hoon Kim?, Mee Young Sung®, Kyungkoo Jun®, Namil Park®, Sangrak
Lee®, Jong-Seung Park®
University of Incheon!?3436

e o

2 =ioAdes ¥AF 7 714 37d(DHVE; Distributed Haptic  Virtual

Environments)ol| A1 ZZH(haptic) Hlo]E]7} o= HEe] U ESA EfHS 7}
AW T gEAew F4 steAd vete] At o AdE vledd B

Aol A skE A7 dHeolHE AAY EFo] 2R Weas F7b A
o] & HAFH AN E 838t dHolgrt 24t oA Aujad o
0%‘5 FARS 7 =A g AdAeola on] = AsgE 48" F 3
< Blojth 2 =iEs Fd fEe 7S A P $EEY Fa =AF
ol 844 (scalability), <t (safety) So] =7} 714 A= oW i)
A=A Cﬂl%’s}i, %*& Mg Bl e F24 AA &R F8&4d, A9

UEA AR W, F2 716 7 o] s E e Al 270
el el = %F Uk B RS A olEso] 2l =2k FHE A|E
o] Alz=gld OVV*OE F7bete Aol =8-S FH, vHe] A3d vE
4= 714+ A4 (Immersive Network Virtual Environment) &0l 7] 2A g2 &
&8 F AS slojth
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Virtual Environment
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=7k de" 10l 27F 7P EAlE A
325 oA s MEES ALEete] A
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AgE TPFEATE o= A #EAESE AYa
AEAE AolFol 84 e duds Ade
Uhoo] el @l ASd e SUFE ¥
7F =AY wjely e A Yo sl

gl= do] dojdrt= Aotk Constraint 7]
b WH2 Virtual Haptic Interaction Point

(VHIP)E =A| x¥el AA3te] xHES #53HA
2.2 OpenHaptics

SensAble A}Fe] OpenHaptics Toolkit < 3D 3+74
4] =44 PHANTOM 7} ZXE F718te] AL

g F JdrEE JdFE SE&xFad(flo=,
OpenGL API 2 7|¥to & E¥xjeit}, o FxE L

4213 2.
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The OpenHaptics Toolkit

Haptic Library API (HLAPI)
e Source
Lillitiea Code Examples

Haptic Device API (HDAPI)

PHANTOM Device Drivers (PDD)

1% 1. OpenHaptics AA%=.
HDAPI (Haptic Device API)+= &Z}4X 9] A<=

(sl AZ) e Hee AAstel, Zzagvzt
4PHoz P& AUY T + Uk TF Ax

At e guas A ddn.
HLAPI(Haptic Library API)& iL<¢
o] 57 v ® & A <st™ OpenGL APT <} ZEL °]
S =S AAHAY. HAPT & F1dskA %
15 AR&s7] 918l &3t
Utilities += vector/matrix #& G335
s

=7 A Agsed B

i
N
N

N
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2.3 QUANTA Y EQ = golu s

QUANTA(The Quality of Service Adaptive
Networking Toolkit):= I &2 Z o] 11 Eﬂ °|H
AFS Hx=2 sk UESA Eold[5]. TCR

UDP & A}-8-3lo] Reflector TCP/UDP, Parallel TCP,
Reliable Blast UDP 72 U3t 758 A s,
IPv4, IPv6, thread, mutex Z-2 7] ER A Ygtt}.,
T3k CAVE(CAVE Automatic Virtual Environment)A]
2~®le]  CAVERN(CAVE Virtual
Environment Research Network) o] X 2] ][11]7} =1
A4l 2 DVE Al&glol] ohuke 22 o] i)
AT A E old S A'd QUANTA 2ol B
el & ol&ste] EYA BEs TAst

Automatic
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Belol e, Y TAEA, A, BAA 5 29, $18 J8 5] GFe olHE s,
we BololA Hgslol gk 53] AEdolde]l 7 dolHEe UEYAGIA TFe 54S A
U Al ekl e S ddaE =74 sh] S Uzl €. o]d dHolHES TR SAS £ 1
shol vheFd AwE stw Qrh. 5.1 MY A 3 @3]
) 9l ol = = A7k
= }\]v/_\‘l—%jjq. Hxﬂ §]"_ EE] ] oﬂ [q‘w_ EZ:IL]' El DHVE_EHO]H _?r % __,__}\-]
= ayEe] 1 gxAd o aga HE F . - - -
JJFE_] R ]Crf]r e Type Reliable | Multicast | Security | Streaming
ks S = o] VE o F3toldh 17ks A Control Yes No High No
1 = 1s Text Yes No Medium | No
H = 4S8 g o R e BdnE =9 3 !
Vet o= te 1% =5 = " [Audio No Yes Medium | Yes
AT, FHRAAE A Ydl= VE 8L o mi ok Video No Yes Low Yes
i _ = Tracking No Yes Low Yes
AA F£&3 27lo] A = HRr}E % ) .
44 e I A5 R §2bs A o? Database | Yes Maybe | Medium | No
BERZTS 09 AustA wEo] Frh. ol¥ = | Simulation | Mixed | Maybe | Medium | Maybe
. 5 Haptic Mixed Maybe Low Maybe
7} 422 DVE S+ o] HEA7 AL DH 7 B puc y y
AEAE DVE el AEARL S DIVE 2t Rendering | No Maybe | Low Maybe
ErH1]
S2bgAd N AHAPe ZefoldEte] o
3.2 Z2EF FEFS PR AT Gl HEAgR &4
DHVE /\]i":é],fl] %_/1\_]_‘% o]q‘z%gi Transmission ° “a“ﬁé}ud dﬂﬂj] j)%?l’ TrE_LZﬂﬂ' %ZE] Zl: 9;]\
gy JEe S AQsittd AMERAge A

Control Protocol(TCP)[8]e]\} User Datagram

Protocol (UDP)[ E_' 7]H ij:_ 1201 7(]];}- TCP %‘E_é‘]—xl 01%"4' %i—]?} @i‘}by%o] O]']/]?i E—Xl
T AdAAZoR AAHE TP & l olgj el gt 94*1 gito]l FostM %9 500 3 oA} WA=
AAEL Fho] olojmal EHES z]—%gi Bog) Hiolth. AEES Aele HEfAELY Bt &
N dmelth. aet 1 - amHow mue  EUES FRANA F28 asE opin
ZogkeEA &9 dAE Az =g 0P ¥ 2. DHVE-Elol8] #3E QoS &A1,
= HAdZAFe R dHelHE B o, <15 o Type Latency Bandwidth
] omz wHo| = T ok 27} 9nh. 1 Control <30 ms 64 Kb/s
1% A2l a5l = b Text <100 ms 64 Kb/s
gub el Haprh Q7] wiel] wEA FAle] 7t Audio <30 ms 128 Kbls
s st of i 4 Hle] 1?‘ EFtel me Tracking <10 ms 128 Kbh/s
aut des Fox o 42 a3E v Database <100 ms >1 Gbl/s
9t} Simulation | <30 ms >1 Gb/s
' Haptic <10 ms >1 Mb/s

3.3 DHVE ®l°| € Rendering | <30ms >1 Gb/s

N=Hel o)A DHVE = olg UE 9 =Abe] F2= 7 HelHo A g EHS HofsEr.
bC Sol B HET - g Amedels sge  FAEAANA WA dolHE A% W

= = = = A o gl
W Z}7be] PC SO DHVE S8 Aalstel o] gy T #hom WA Avihe] Kbps teSE 8
& ARG, YRl WEAIE Fape] - o) WE AH HISEHE Sa A A8t
Sguw eSS 3 lgg AHSo 3o A g Aolgt A & Aok ey g #
= 1l = = o = =2
A Hw, wuAel DIV 1o TAE7] 96 & A DA 7HA 7] dZel v el =Zbd o] E
N = 27+ 7] A 517 ‘r]‘DH 0.5 -~ 1KHgz Zolt}t, o]z 7|EY DVE o E4AAE F71s1H
-1 - 1=
o] BAES A= 2 /\1/\]7}0 jlé]—‘_t dlo|H A elFrk @ A L(latency)oi A A
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4.1 4¥ 589 AF
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Zo]AEE HEAA AHo] A7|= F3tEs A9
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¥ 2, HAEHE FAE,

9,
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AW Bdg girEf, 7} FEleldEY} H&4E)
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