SPIE conference on Visual Comm unications and Image Pro cessing, 10-13 No em er 1991, Boston Motion Video Coding or cket-Switching Netw orks An Integra ted Appr ch Mic hael Gilge and Riccardo Gusell In tern ati onal Computer Science Institut 1947 Cen ter Street #600, Berk el ey Californi 94704 email: gilge@icsi .b er ele .ed u, gusell a@tenet .b erk el ey .edu ABSTRA CT The adv an tages of pac et video, constan image qualit service in tegration and statistical ulti plexing, are ershado ed pac et loss, dela and jitter. By in tegrating net ork-con trol in to the imag data compression algorithm the strong in teractions et een the co der and the net ork can exploited and the ail able net ork bandwidth can used est. In order to enable video transmission er to da y’s net orks without reserv ation or priorities and in the presence of high pac et loss rates, congestion oida nce tec hniques need to emplo ed. This is ac hiev ed through rate and o con trol, where feedbac from the net ork is used to adapt co ding parameters and ary the output rate. rom the co ding oin of view the net ork is seen as data bu�er. Analogously to constan bit rate applications, where con troller measures bu�er fullness, attempt to oi net ork congestion (eq. bu�er er o w) mo nitoring the net ork and adapting the co ding parameters in real-time. 1. INTR ODUCTION The transmission of video er pac et-switc hing net orks enables no el applications based on the in tegration of sev eral services in to commo format. It is eliev ed that the in tegration of audio, video, and discrete data in to ul t im edia -w orkstations connected pac et-switc hi ng net orks will ha as uc impact as the in tro duction of the ersonal computer itself. Con en tiona ll only circuit-switc hing, application-sp eci�c net orks ha een used for video, e.g. CA TV. Usage of these constan t-rate hannels for ariabl e-rate transmission results in asted capacit since the hannel has to accomm date orst-case rates. Using pac et-switc hi ng net ork, video deliv ery with ariabl rate and constan qualit can ac hiev ed e�cien tly virtue of statistical ultipl exing 20 thorough analysis and mo delli ng of statistical ul t iplexing is giv en in pap er Maglaris et al. 23 In order to exploit the adv an tages of pac et video, service in tegration, constan qualit and statistical ulti plexing, the follo wing problems asso ciated with the transmission of video er pac et-switc hing net orks ha to ercom e: First is the discrepancy et een the data rates that can accommo dated to da y’s computer systems and net orks on the one hand, and the alues asso ciated with real-time video that ha to bridged through data compression tec hniques on the other hand. ortunately images con tain lot of redundan and irrelev an informa tion that can successfully exploited sev eral compression algorithm s. Secondly the service of con tin uous media is asso ciated with certain end-to-end requiremen ts in terms of bandwidth, dela and jitter that are not met to da y’s pac et-switc hing net orks or computer systems. The general directions of researc that are curren tly pursued can categorized in to classes: The �rst approac aim at extending curren op erating systems and net ork proto cols to pro vide erformance guaran tees 24 These sc hemes necessitate admi ssion con trol and will not in service in the near future on broad scale. The other approac adapts the con tin uous-m edia stream to the giv en systems, in whic service is not guaran teed but is deliv ered on est-e�ort basis. In these systems, pac et loss, for example, has to comp ensated for the receiv er. This leads to complex problem, ecause not only are oth hannel capacit and data rate aria ble, but they also in teract. Sev eral researc hers ha egun in estigating video co ding algorithms for transmission of video er pac et-switc hi ng net o rks. Their ork oin ts out the adv an tages of constan image qualit and bandwidth sharing statistical Riccardo Gusella is curren tly with Hewlett-P ac ard Lab oratories, 1501 age Mill Road, alo Alto, CA 94304 SPIE conference on Visual Comm unications and Image Pro cessing, 10-13 No em er 1991, Boston ul t iplexing they prop ose that redundancy and error correction proto cols emplo ed to deal with pac et loss; but, in general, they fail to pro vide adequate solutions to the net ork congestion problem. In the literature observ ed that either an image data compression viewp oin or net orks viewp oin is tak en: image co ding algorithms are mostly sim ula ted using greatly simpli �ed net ork mo dels, e.g. �xed pac et loss rate, and/or they assume the existence of net ork services not et widespread suc as net orks, whic resp ect di�eren pac et priorities or o�er classes of service 17 and/or net orks that guaran tee the deliv ery of certain ercen tage of the pac ets 10 Net ork issues, on the other hand, are mostly based on mo dels of the video source, e.g. Mark mo dels 23 Among the tec hniques prop osed for pac et video co ding are ector quan tization 1 subband co ding 17 motion- comp ensated in terframe co ding 26 o-l er co ding 10 yram ida enco ding 28 discrete cosine transform 20 and DPCM 30 go erview of new imag co ding results for TM net orks can found in the recen Image Comm uni cation journals 13 Net ork issues, whic are also partly discussed in the literature cited ab e, are error reco ery congestion con trol 15 statistical analysis and mo delling of pac et loss 22 and haracterization of video sources 25 Although the utual dep endency of video co ding and pac et net orks has already een oin ted out sev eral researc her 18 no satisfactory solutions ha een prop osed so far. Since hannel bandwidth aries with net ork load conditions, minim um pac et loss will ac hiev ed senders that can adjust dynamicall their maxim um transmission rates to matc the hannel bandwidths. Motion video compression algorithms are suited to pro duce suc hanging maxi um transmission rates as sev eral compression parameters can aried in resp onse to congestion signals from the net ork. Th us, prop ose an in tegrated approac to motio video co ding for pac et-switc hing net orks: the co ding algorithm and the net ork (through net ork estimator) are part of feedbac lo op that seeks to o id net o rk congestion. Unlik other approac hes that try to main ta in constan picture qualit our sc heme pro duces lo er receiv ed signal qualit when the net ork load increases. Ho ev er, in general, use bandwidth more e�cien tly since co ding agen ensures est image qualit for giv en bandwidth. Section of this pap er in tro duces the general notion of feedbac comm unicatio system and their applicabilit to pac et video. This leads to net ork-i tegrated solution where the net orks serv es as data bu�er. The main comp onen ts of this system video co ding agen and net ork estimator are discussed in section 3. The results of exp erimen ts with real-time soft are co der that uses lo cal-area net orks in terconnected routers to transmit video frames are rep orted in section 4. 2. FEEDBA CK COMMUNICA TION SYSTEM One of the great promises of ariable bit rate co ding is constan image qualit Unlik in constan bit rate en vironmen ts, where the qualit of demanding scenes ma sev erely degraded in order to sta elo line bit rate, pac et net orks o�er capacit on demand. This adv an tage is ershado ed the ossibilit of pac et loss, whic ma a�ect image qualit at the receiv er ev en more sev erely than normal co ding artifacts, and the ariabil it of pac et dela ys, whic ma mak it di�cult to use pac et-switc hing net orks for in teractiv applications. Data transmission proto cols ercom pac et loss retransmission at the cost of added dela and net ork load. Retransmission of lost pac ets