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Abstract In this paper, the prototype of haptic-based NVE (networked virtual environment) QoE
(quality of experience) is proposed. The proposed framework plays a role of providing users with
realistic feeling by managing the system and network resources efficiently under time-varying
networks and heterogeneous systems, Therefore, first IoPH (importance of presence for haptic
interaction) is defined to quantitate the sense of real that the users feel now. Then we define the
haptic-based NVE components required to satisfy the haptic interaction QoE requirements. Finally,
QoE adaptation scheme is suggested, which adapts the haptic-based NVE components to current
network and system constraints for better haptic interaction quality.
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gelulg NPSNET CAVE VPS DIVE/COVEN MASSIVE mWorld Spline VLNET
gz
-3D world | Yes Yes Yes Yes Yes Yes Yes
" 2E No No Yes Yes No No Yes
-orte No Yes Yes Yes Yes Yes Yes
-Hge No Yes No Yes No No Yes
A 100/300 ms 100 ms 200 ms n/a n/a n/a 100 ms
A HEPIAE eS| 2E HEPIEE PEAN2E [HEAN2E | EEHARE | FUNSE
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2" 2 HELZ F§ o] ALHAk (1A,
9] ALgRIEC] ATEH WEYZ Fo &=
vt /24 R/CGE F/H3e 7IHS AL 18
<& ZtZke) wigole] uig FHAQ] AR UERE
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T 2 %7 QoE metrics

QoE metrics a3
A4 H3E FUE (Position resolution) VO HIPY #E ke dalsl Hx
gl 9174 (Force sensitivity) % slzwle) ofzjsl 2 AZE AT
%7} WY E (Haptic update rate) =70 doy §To BAE
Z2& 4 (Polygon resolution) VOE B8l Z8ae A%
5718 A% (Synchronization level) o /&Y 9 &/oE vivlojiel o8 A%
&7+ dloJg} A (Haptic data latency) 27+ dlojele] FUT Al
bE Rk 7§E (Force transparency) AA Aol & A d3E gt e}
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a4 A F P BHY ¥R et \’osa}
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ojofl A WAsle &7 g £Ee F4H1 vost
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© BAE 2EL ¥8 A7T, #zhe) bolg 2
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& Aul(Fserver)®t Fdlo|UE(Fclient) 719 99
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1) (1elMe &3 dag8e] $ust /b o At 58 b %
Aol i) dAlehe 49 w4 e dags 2.

chE AR EM T8 o 283 FHAde SE
Adg ¥2E 7 Y=E Fo
. Fcliem _Fsmer
E . (2)
G5 VRMHIAEY MEYA QoS8FEHA
g 718 VR Anl22] MEYA QoS8
FRAL 2 FEEEaPe B3 9 S weid g
Bk B =Ry &7 719t entertainment -style
SEEZEIYE sty &g viole] YEHZ 87
28L& [13]04 AAE ghell 7higdekAd: oF 60~
80ms, AP HE: F 10~20ms, @d &40 & 20~
30%, 18ja waE &4 oF 10~20%). 2ea, X
3 &4 Y1 ez VR MHIAES U 2F
o] Mulzz BEJ3ITE very delay sensitive, delay sen-
sitive, loss sensitive, and very loss sensitive. 3£ 3%}
2ol &7 mtjolE X Yshe VR AMulZe 7|&9] b
te 9 ode Holgd vgo ¢ Add vz
£Hdde U2 248 43L 7Hdoh ole &% dojel
& A%t dA4F 24 P04l 2& "4 gl AE
HA Goke-g VPAST g 126 1000 dHolelE
Bade &4 174 5L g

3.2 NVE QoE Z3jelfi3

2% 18 AU B 3D NVEE 9% QoE =dY
91728 RoAZoh AMule O] ARz Y BT
o] dFAE FANATT 7+ F <hollM Had a3
¥ dojelsg Eugheh =3 %-9»"3 ueba Birje 9
QUL ARE BE AREAA FEshe aEL]w *?“l
2& . Ao Foldd E'é—% 3 e Ho|
AMESle MR E e o8 3} 1EET %ﬁ’—‘}
|3tk BRI HA 2 W ARE Muz A
%83 B He] Ajnlag 7é-r-°ﬂ«:: AH4lel wv)e
LTI ARE UE FZEo|AEAA AFTE 4 Ut

e tlolgl o&(data prediction), QoE &2{(QoE
adjustment), QoE Z3(QoE control), BElv|Tjo] &g
W (multimedia adaptation), Y84 %Zl(consnstency
wolel Mg sHdata prioritization), 2]

control),
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¥ 3 Haptic-based NVE AMHAE9] YEH=Z 8 7%
VR service [Media type |Example VR Classification parameters
class service Degree of |Delay Delay Information loss
sym. variation

Very delay {Haptic event |Haptic-based Two way |End-to-end one way 10 ms < 10%
sensitive collaboration delay < 60 ms

Event Distributed Two way |End-to-end one way 50 ms < 3%

graphics simulation delay < 100 ms

Event, Tightly coupled |Two way |End-to-end one way |[N.A. Zero

graphics non-haptic delay < 100 ms

collaboration

Delay Video, audio, | Virtual Two way |End-to-end one way [< lms (for <3%
sensitive graphics, conferencing delay < 150 ms conversational

text voice)

Event, Loosely coupled |Two way [End-to-end one way N.A. Zero

graphics non-haptic delay < 500 ms

collaboration

Loss Haptic event, | Haptic-based Primarily  |Start up delay < 10 s |10 ms (haptic)|< 10% (haptic)
sensitive Event, VoD streaming |one-way Lip-synch. +/-80 ms < 2% (video)

graphics, Audio-haptic +/- 80 ms < 1% (audio)

audio, video < Zero% (animation)

Event, VE with Primarily Start up delay < 10s |[< 2 s < 2% (video)

graphics, integrated video |one-way Lip-synch. +/-80 ms < 1% (audio)

audio, video |/audio/graphic < Zero% (animation)
Very loss |Event, VE navigation Primarily One way delay < 4 N.A. Zero
sensitive graphics one-way s/new space

Event, Data base Primarily One way delay < 15 [N.A. Zero

graphics retrieval one-way s/page

Event, Background Primarily No special requirements |N.A. Zero

graphics download of VE |one-way

F:edbaldc (S:e“ Virtual Environments {Chert) Viruah Environments (Server)

visual ' Mutmeda
audtory ) oo o) Userinput Disbd et T
T l with priorty proity \ G
Inputfoutput ﬁ i “ Data Mlineda 14 tlimeci

device T,Zﬂﬁif R _\‘ Network Ntk | | pizaon | | L | (m-

( Dala ; : | graphic,
thaptcntetace. | | | endering |- | piizaion ] " Adaptaion AS r{ Consisency | 1 | autio.
display device, [ 1 p = x contiel |4 [ video)

wedder.) f ‘-—H Predited VO plton | { E:;‘md Arf/agfd ;
QE || Daa Data | condtion _position
cortiol ‘ prediction predictior | pregicted Hip posiicn | Avplication level QoE
QIE ’ I\1,P;: ‘QoéPfedvted user vewpot parameter
j aojustoent | Trereve QoE 7] 1o
parameter

I8 1 &7 3D NVE QoE ZH 9=

2 UEYA FHZ(network adaptation) ZEEZ T7A
"} blolg d4F EES UEAD &4 2 xdoz
A&l dHolelrt EAsHE RE WAFT] HsMA AR
o] HIP 2 R¥QE HRE JZFth =3 HoJels
AHE3ted QoE 2§ RE-& IoPS IoPH & Albsln
Asd ABE AMHEle] QoE 24 gL 2z my
o] & VOES HE&ZHU ®EF e AR =

P @to] WebA witiesl AR/ s 2 o

= gag ZAND 226l VoSS LoDE FRAT.
TEF, oPH ol websd £33 4328l "ast vo

ARESY Hle AT HEE @753%11:} ol¥A FAAH
&A% QoE AAEE 7IWtez Ztzpe] mitolge
dElrt]e] B3 gy 4R {4 RES B A
& WEgd g3 dolg 93let HEYT A

3
(=3 & /‘\
‘T‘ ‘\1."
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< EEES 44 mdolrt a78e UEHAR QoS £
A% @A vESIZ 43E 2Hstd RE gooidE
ol Al Ak

FetoldEx &F7/2e® W)Y (haptic & graphic
rendering), QoE 3%, QoE %A, dolg} o=, dolgl
e, a8 YEYE S ZEEE 7AET
Z7/a89 Ay REL 45§ D ARExbdA T
zukg AFE) A% RE AYE xEsich gelold
E %9 QoE F¥$ EES /0¥y Ay ZEE
RE] AAztem HIP, VO, 28l AMA AlF 94X
Agiolx] oP9} IoPHE AXH) Alstd 1oP9} [oPH
ol 71wtale] QoE 24 RELS VO LoD 3t 2 &
A8y doyy ZEdES 2P¢ Ay 2 da
Zdo|dENA o] BRI uolElEL Holgt $£4
«=Hgtel MEYT A4S REL E8A AgHch
dojel Mg RS dHoel 2EY EFYd 7)
st 2 & dojel 2EY oA ztzbe] dlojElY
Aol ksl A 2L &40 B3 Mg g 4
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o] o ¥ H4E dolely F8% FrMAL oE
53l VMEYa &480 FUEFE U $8% &7
dojele] ke PolxAwt HELI &4 mEg &7
#EAEe] 43 AsE ¢8A1E 5 UAoHi5,16].
WEHA AY ZEL $HEH BdE 479 o
olele € HA UEHZ A¥Y JEYI 27F1E
mEste) ALgict 1Y 2= NVES UEYA QoS &
TZAE ¢FAA)7 A% vEQE HEY HAE 2E
o HAXJEES RoFt}. 7o) fojete] 2, AH,
+4 9 dYE g724E FFA717] AsA &4 o
Ez A8e ZuHy I 24" vEYa 43
24 2 &Ad B3 SHEAE ez Zhzbe) Ho)
Bl gH Y, A48, &4 =4, a8z 2AEY ©
th O Fof ofFgAlA AZY SHEds UESa
AZ9 QoS UA @I WPH QoS XY 7Hs HE
A= Aoz A4 ")
WEHZ HE EE
2ZE E3dolE

Fo Zdcletel] S3tg RE
A7 28, SFdoleA,

g FABT £ HolE $HEUKE FA o Eguols &AZRFo] AT eV WY vE
=zl % gowe] Anetel S7 delets] F ¢ $AEHA Y Suvoleise WSFE FolY)
8xE AR AE FANE 2 &) dE3h) of A& FeEE st FRR=ESAE7 02 7ol
B¢ dolgel Fe $AEAE, 4 Zo] A% o  HES 0msol IWH HEY & Yok g 27w
% & A& dolgdds E2 $HATHE Fogtd B 224597 09 F2W0EEL 0ms 5% EL &
O HEYZ A48 AEFH0E AR F UEE X2 AEEFAEA7 190 FHvlelerzt g8E7 AR
o FEolg-dede S5 LEACLE 0df AV WHY BEAA dir)@ch +dedvw
ARE 274 A 2AR Aoldrh WEYa o= ed 252 o7lsln e 2RE=eA490 09
s S48 Fgvolels £4 FelM HAEH F70d Fgdolel FolAM Fgedxdedeydst 15 29
et EHE AL WA WEY) wWRel, MESZ  Zzdole shin Zpdoleyy Rz dgstn
&4 (o] EAF Ftole dddez &4% dolgt vAe eHHYHT FZR=eMEt 19 Holegse
Network Adaptation (Sender) | 1'M \"9 | Network
N etyor Adaptation
datawith \| Transmission (Receiver)
Error redundancy /i scheduling & { Prioritized Aggregated Error
control —ﬂﬂﬁhl/ QoS Packets control &
mapping depacketiz
Loss ation
? ? Network Feedbach R or
Agglegated data (erid-to-end} regonstructed
datal
Data Estimated Data intra-or
aggrega - B’;"';ifif;‘g“ inter-media
tion etay oes/Deloy synchrzmzauo
w" ja‘aw!lt
riori pidyout time
Priority Bandwilih Network
- riority— an Monitoring dati Data [
) peea e | ] T, e
: filtering ::ndlﬁ]g control time

2% 2 NVE QoSAY HEQ= A8y g
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