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1 Backgreimed

Telerperatlnm and Ceoperative Werk In Yirtnal Envilrenmenta are beoeming 1n-
rreaghely lmpertant. Chorrent hlgh-end graphiee worketatlnone amd hghhand-
whith netwrrldng mvlrenments support, the dewslhpment of “virtaal predetas™
to optimke plannine aml dewelnpoent, preeeezas.

hlrreewer there 1z Intemat In htegratine emall and medlhim-ewed snterprizes
[GhIEs) to explklt the bemeftts of theee new Information and communlea tien
tachoelrgles. At present, mest, JATFs wee perermal compiters. Hnes the orat, of
Wgh-hamdwlihth cromectleme & high, ShIFs are cenmected v1a JIDN coly.

1.1 DiEstriboted Virtoal Enviromments

There are already & onmber of Dlstritntad Yirtial Envlreoments (DYE) (2.2
[1,2 3 4, 5 & 7]). Inthess, parta of the applratin oermally have to share
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the threelimemlnnal-arne database via 8 etwerk. In glogle-nser aarlnnmenta
(e.g. YEAILZ] eemeg), the whele sene wmally haz to be downleaded for wlae-
alkatisn oo a lewal oo prter.

E there are mulilple 1eers partklpatine, a DYVE has to be oonslaent, for thess
elfferant, ngers. Whils lnwestizatlng the virteal v leenment, hisrmatlon hes o
be exchaneed betwresn the multlple Instances of the virfual eene. For example,
the prattlone of the nssrs' avatas awve 1o be npcdatad vla the metwrork.

Ame the netwoark loade reqpilred fnr data exchanee n eeh enwlronm ents A
high, hgh-tandwidth metwerks [ATRT) are nesd In meat, caaeg(l, 2, 5]

The avallablity of lsw-pdeesd, bandwarebaged AD-graphles aoreleratlnon al-
lrare lncal renlering of remplex thres-dimendonal grenes. In vlew of continndog
perfnrmance d¥ferennes hetween perennal compiters and heh-end graphies s
peErcnm pntere, remcte ancess o cemputlng axd rexdering power vla metwerks le
gtlll of terest.

For example, & vlanal enperrom puflng appllcatlsn ke a virtml whed timmel
[4 canmt Tun nmoa perennal computer hecamee It lacks the compiting power
meelzl 1o dmulate the Aow ekl An applleatlon of thle esrt lowelwes highly
mrxllfylng & penmetrical eceme (o g, thenzands of martices o a fiow f6d). This
1z why the meal-tlme update of & three dimemeknal eene databass 1z not, always
preslhle #la a gl DN Brhanme]l Vil coupling e&lng lmage streams 1z
helpful for these klmde of #lrtnal envlcoments.

13 WVideo Stresnfog

Yiden streaming has many appliationg (pg. Pldecconfereeing, talanperation,
talerehotlos and digltal talevlden hradeasting]. Whik Mgh-bandwidth nat-
works anmetimes allee the trammledlen of nneempresssd wlden data, the wes
of e -bandwldth meedla raqiires vldan rompresdon. The chelee of the vldes-
crueling alpnrithon sually depends oot medlum's bandwidth, While RIPEG-1
amd MPEG-2 are declgned for bandwidthe around 1.5 bt /s for low hamdwidth
HDN cromecticne with %64 khpe (p=1..30), #ldas confereneng standards ke
H21 aml HM] are more appropriate. All thess metheds are hased oo the
dlarrata oraine tranform . Altermatively, a wavslet-haged methed can be uesd[)].

In principle, =ngle lmages (Intraframe crcdimg] or differential Images [intar-
frame crxllng) can he crmpreszed. The uee of difffrentlal lmages may be o
Klant In videntalephony where & mikh of the lmage comprkes an lnwarlahle
backgrome. Movlnge objacts axd cameras remqiire nctlon com pessatlom 1o take
actwantage of lmage coherenees. While the cnpresslon and the desoopresstom of
full and diffrrentlal Images can drme apprescdmately In the zame tlme (gyomet-
e coeflng) motlon-crempengaticn ajgrrithme reqile coneklerabls com pitatlonal
effrt, oo the ool slde. Thie, paralle]l computatlen can be nexl fo emahle
real-time coding (2. [10]).



2 Roemate-Control Sconaro

In the frllowlng eartlome, 8 remctarnntonl eemarls 18 pregentsd 1o which & lhw-
end perennal compiter (e & mofehook FC) 18 couplsd with a high-end work-

gtatln cluster or & paralle]l enpercempntar (heat) vla a glngles Gikbps I9DN
Brhanmw]

2.1 Sewneral System Architectore

Ennnlng oo the hest 1z 8 & called ® Embeckled Server inr Eenclering Archltes-
faral enemes™ [ESEA), whih & crnnectad to multlple architectural workplanes.
Archltarts whe are mexlellng new bnlkllngs eemd them to ESE A, which pata
the mrxlels Inte & rvmmen ereme databaze. This databaze k need for hoth the
wirtnal envlrcnoent amd Meh quallty rendedngs.

The wirtnal envirenment, can be dlzffbitad cwer 8 werketatlsn chistar 1n-
cluding an 3GI Impact, for the rexdering or 8 #loiml apercempiter [(RLANNA §
¥IS4[11, 12]). The DYE can he controled Ather by a user ehiimg at the heat,
or by am archltast frm a2 remcte workplace ushg #lsal feedback oo lmage
gtreams (gee Flg. 1.
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13 Test Scemario

In the Fllowlne tesfz, & slogle neer chitlmg &t 8 rencte workplase oootrols &
virtual envlrcnment, nmolng oo & slngls workatatlon (9im 9pare). Bemderimg of
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the mexlerataly-geed enme 12 dome oo amcther workstatlon (3G Impact,). The
dmplifieatin (Flg. 2] 1k made tn lolats the mal problems relating to the
remn e nmt ool & emarles.
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Figure 2. Trut wroann

After transmitting the crmplets grene (In YERIL frrmat) from the remeots
FC 1o the hest, the wirtal envirenment, [VE] 1z startad. The YE, running cn
the SUN Spart Werketatlen, emds GLX-valk [(OpenGL sdamdnn for X11) to
the X-Berver of the SGI Impart. The remlersd lmages are read koeally foem
the frame bdfer #la an OpemzL-call after gimrantadng! that, the full lmage 1z
amllahle,

Cm the 3GI worketatin, the lmages are compressed and ot back 1o the
remete B The PO deccmpeezss and dizplaye thess Images. Yiawal f=edback
glves the archltact, the hfsrmatlcn eeded to penerate mew camera peslflone wlth
the Input, devlee, there then belng franemitisd e the hest., Thiz data 1z el nr
generatlon of the et lmagsa.

For the Inllewlng tastz, we egd 8 mederataly-aeed mexdel of cur Institine's
bulkllng, featirlng aress I coe eeloir, textired areas baszed oo phetographe,
aml gynthetls tadures Mke “grass” and “stenes™?. This knd of model 1z chesen
to aveld adaptationto a gpedal lmage type (2. g. with langs areas In nme cokr).
Teetlng tle remate-orntonl & enarks with other t7pes of nesdels resultad 1o Amllar
perfrmanss wmhies.

13 TDsge Cooding

The ceded lmages are trammitied vla 8 glngls IINDN Brhanwel wlth 8 hawd wldth
nf 64 khpe. Wenssd TCF /TP [mmolng FEF at both mds of the IBDN conneactlon)
to dmplify the roatinge between the remote P and the heat..

Eer the lmage ondlnge axd decdfing, 8 wamslet-haged enftwars wlden coxden
by the Berlln Collags of Teehmeloey andl Bislness Stixlles was provlded. Orle-

1A gFndeh cwl] frome the J0K
3ynihatle texinren genemted hy m noee fmetlon oroslly catae bwer compremdon mibea
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lmally, the axler was deweloped for taleccnferencing applkatlome. It enpporta
clifferant, Image glwes, Az wall Az mencchrome and roliumsd meskes. Curmently, the
crvcder epperts Interframe and Intraframe codlmg: mctln com pemeatlon e no-
der comstructlon. We chees thk moder hecange of s adaptablllty 1o the epeclal
radrements of the applcatliom. Meorenwer, It entperinrme the MPEAG-4 Yideo
Yerlfkatlnn hlrdel WRI5.1) In both enbjactive and chiartlve qualty [9).

In v¥enonnierencing appllcatlomne, moncshrome 1mages are cften 1eed to e
thice band wklth rerpiirements. Hewever, archltarts prefer coloured 1mages. Alan
It 18 e experkemre that, to chtaln higher frame rateg, archtectz are wlline 1o
arept rehie el lmage reenluflom.

Tollke 1o telarnnferenci e applicatione, the gemeration of nterframes chwes west,
preschice & reasnmahle rechictlon In hamdwidth reqpldrements. o talemnnfereneing
appliatlnme, “real” cameraz are mormally meimtsd. Az the barkgrenmd 1z con-
gtant, the coedlng of d1fferen tlal Imagee rechices the railrsd band wilth per frames.
Hewever, virtual cameras, controllsl by archifacts 1o 8 walk-thooagh, mowe #ery
ik kly between two comamitlve frames. Jmage coheremey can coly be wesd If
It & preslbhle to apply metlon coopemsaticn, Qlmee the motlon-oem pemsatlon al
grrlthm for the wawelat, irxler 1z oot currently avallabls, coly Intraframes cexfing
was neal 1o the hllowing testa.

14 Image Cuoality

The orm preslon rate and lmage ruallty can be oonioellsd by & elngle paramatar,
called rj. The higher the mmlue, the hMgher the compresslon. Flgnre 4 Mustcatas
the relatlon hetween the lmage ruallty of the oodec's oatpirt, aned the valie of
1. The Imageeame n QCIF format, axl are convertad to 8 grey-aral peatanript,
frrmat, for printing. Table 1 shows the compresdeon mite [eriglnal dee dvlded
by compresesd glme] the compressed slee per lmage and the time needed for
o preeden. Whlle the subjectlve mage qpallty fne CIF lmages e the same az
fnr QUIF lmages, the compresskn rata fnr OIF k snally hgher.

3 Reanlts

The frst, gtep was to measmre the seoitlon tlme of glngle cperatloms 1o the
remcte-rontinl eenarln. The compiutatinal efert. raqlee] i mest of thess

e med el reacluihn snd doohle gwmloe r omnd v
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operatlnme ecales with the Image elwe.* We choss CIF reenlintlon, which 1z whiely
a2 1o telecnn ferenclng appllcatloms.

The nperaticns cn the different, com puting platicrmes (PO, SUN worketation
aml 3GI wnrkstatkn) In & Emete control erenarls have to be dene In paralie]
to avcld lataneles. As gheywn 1o Thble 2 the operatlene oo the S0I ¥n pact, kaws
my major lmpact, oo performance wlthin the cwerall systam. I the onm presslon
rata & ncreacsd to accelerate Image tranefer vla the ISDMN B-chanmel, the tlme
fnr compresst:n and deccmpresslon antially desreases.

The malm botilenark e the Imltad bandwldih of the ISDN cronectlon. hee
glertlng the owerhead for the TOF/IP-profoon] and the operatlng gyatem, 1n
Tahle 2 1t 1z assnmed that exactly ¢ikhlY, of compresssd lmage data per eanomd
can he frammitizl. Whh normal #ldes reenbinlome Y B poesthle to #lzualles
abet, for frames per eecnmel. Thls frame rate can easlly be supportad by the
eurrent. rmarle [3GI with BA1) axl PO whh Fentlum 12]). E 4 k& peed-
hle to denhle the sfective bandwidth of the T9DN coonecthon®, the ewltch 1o a
Fentlim XEAIHR precesenr awl an SGI with 8 BE1(KEE) proveszor, for example,
weald allyw akn the denhllng of the frame rate.

3.1 Latewy

E the vimal feedhack oorrespending to the last lnpot (e, menss mowe] & to he
presentad to nerre hefre 8 mew uer lnpont. 1= acceptad| all operatlone haws to he
thne eepientlally aned the frame rate will decrease. On the cther kand, 1 camera
ernmirel 1s decsrmipled from the vwlaual fosdbark | the flme delasy beatwoen the naer's
Inpnt. and vlanal femdbark may hereasze 1mtdl naripating bhaosnmes Im praible. A
fead mmber of ramera prettinne e therefnre et In adwanos, hefore the aystem
Iz walting fr & mirned 1mage. Sewihnge e additlenal camera pesitlon at, the
heglnnlnge 1snally cansos a denbling of the frame rata. If ten akdtlonal prettlone
ars gant, In advanos the gpeedhip enmetimes neroasng,

Flmre 3 shnws an "ldea P arenarls In whih ton additinmal predtnme raailt In
& tfipling of the frane rate®. A odflclant, oumber of additional canera poettlnne

*An meeptlon here W the Hme neaded for coding snd deeoding, whih depends not anly on
the Image W hot sdio on the isge detadin por Imsge wbec

TWorrently, the ddwer by cor AVR POMOTA TAT K cand anly sopporta s angle édkhna
Bchannel.

%n the dbertlon PAOY 4o hoat, thens W w growt deald of frec capactiy that can be mod o
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af the heglnnlnge dees not camee & time delay for the vzl feedback. Only the
frame rats will lmprowes.

4. ‘Walking Throongh the Scene

We lat, a mear wall throagh the eyme goweral thies to evalnate gyatsam perfne-
manse, messirng the frame mie awd the tmaaforred hytas. Yahes dld net, ey
gubgtantlally frerm ewele to cwele. After about 1) epeles, wlth ecsme imdred
frameg sach, we changed the Image reenlutln and for the mhe of the aliy
param eter qf. The average waliee of tle walk-threugh cweles are glven In Thhle
3.

Ag can b eeem, the trander rate s mestly mear to the Dot of 61 kbpe.
Where & wvalhie k clkrarly belar thls, the decsfing performance of the Pentlium
13) proceesnT e 1he hotilemeck.

tmmmtt Information frome the remotc workpiees (=g Information shoot s oner s st
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4 Conchwon and Foatira Wark

A renctecnotrnl eenarls i the bDtaractlve manipnlation aml hepectlon of
virtual mwironments #1a & sogls JIDN Brhanne]l was presentad. We achleved
an average fmme rate of abean, Inur fames per escomd | walking throagh a puxle-
rataly-slred | textired architartiral eneme 1o OIF resslinlom.

While thls frame rate lz arceptable for Inepectinn of #irtial eemes, fne the
manipulatinn of highly medY¥eng ob jartas and eremes the frame rate must he at,
least, deublad. Thiz can he arhlrwad by nehe an adkditinnal ISDN Brhannel or
by Inereading the cempreesdnn rata. The nect wersdon of the waealet-bazed cexden
w1 suppert, metisn e peneatinn. Shoee the moflon-rompeneatlon algselthm e
w prvhably mot, he fast, eneagh oo & sngle procesenr parallaleatlsn mikt e
rrmalderad.

Ag the qmalty param etear remalng crnetant thooaghear, a8 walk-throagh cwele,
the frame rats, which deprmde oo the lmage compledty, warles. The mexth stap
Wl he for the quallty o be choeen awtomatlcally by the system to emenre the
rerqulred frame rates. Moreower, the uallty gheald be adapted o the weloclty
of the camera to allsw Wgher frame mtes for fast, camera mewes at, lesver lmage
rmaltles.

I the plwem armmarks the nnly way fo Interact, 1z avleatine through the aene.
In the nmdt, wergdnm at leaat, all Input, features of YWERTLE () shenld be auppeortad.

Ackefitlnmally, ultleast enemarles shonuld be sxplored 1o which coe eer coo-
trok the walk-throngh, sl ancther geta the #wlzual feedback cnly. Flmally, the
performanes of the remcterootonl gvstam oot be eraluated 1o dllstribted wer-
glnms nf FIEA and for differemt, appllcatlon types
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Figure 4. (I mages with quabty pammeter foom A to 1680



