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ABSTRACT

Medical Video Applications have become an integral component of medical healthcare,
particularly in areas such as remote diagnoses, telemedicine and medical education.
Videos from various modalities, including the ultrasound modality, are essential for
detecting and evaluating critical medical conditions. However, securing the quality of the
communicated video in real time presents serious difficulties due to the dynamic, time-
varying nature of the wireless channels. The video systems must swiftly adjust to varying
bandwidths while ensuring the quality of the communicated video. To address these
challenges, in this study, we have developed Forward Prediction Models for video quality,
encoding frames per second (fps) and bitrate demands, alongside implementing a multi-
objective optimization framework for real-time video encoding adaptation. The method
satisfies the time-varying constraints and is validated using two different encoders (x265
and SVT-AV1). The aim is to enhance video quality while reducing encoding time and
the required bitrate. Forward Prediction Models are built via offline training on many
distinct video compression instances, per optimization goal (bitrate, video quality,
encoding fps). The methodology uses actual network traces conducted over 3G wireless
networks. An adaptive controller is then implemented to adapt to instantaneous
bandwidth fluctuations and initiate encoding adaptations using the generated Forward
Prediction Models. The controller triggers an encoding configuration switch to match the
time-varying wireless network state. For validation, a dataset of CCA ultrasound videos
is used, with a resolution of 560x448 at 40 fps. This study evaluates Forward Prediction
Models for adaptive video encoding, focusing on robustness, error distribution, and
comparative performance. The median percentage fluctuations for coefficients and the
adjusted R? of the fitted models remained below 5% and 0.7, respectively, indicating
model resilience. A comparison with the traditional HTTP Adaptive Streaming (HAS)
algorithm revealed that Forward Models offered better video quality (VMAF and SSIM)
and reduced buffering incidents and video stalling, especially as the InTransit value
increased. Buffer utilization statistics highlighted the effectiveness of the Forward Model
in maintaining buffer fullness, minimizing rebuffering and enhancing Quality of Service
(QoS) metrics. Overall, Forward Prediction Models proved effective for real-time
adaptive video streaming applications, including medical applications and ultrasound

contexts, offering notable improvements in video quality, bitrate demands and user
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Quality of Experience (QoE). Finally, an adaptive video streaming system based on
MPEG-DASH was implemented, where medical and especially CCA videos play in good
quality without buffering effects. This system improves medical education, telemedicine,

doctor-to-doctor communication and remote diagnosis.

Keywords: Medical Video Communication, Ultrasound Videos, Telemedicine,
Medical Applications, Adaptive Video Streaming, MPEG-DASH, Common Carotid
Artery, Quality of Experience (QoE), Quality of Service (QoS), Video Codecs, Video

Compression
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Iepidnqyn

Ot epapuoyég Tpikdv Pivieo amoteAohv TAEOV OVOTOGTOGTO KOUUATL TNG LOTPIKNG
nepiBoaiyng, 10img o Topeic OT®G 1 TNAEIATPIKY, Ol OTOUOKPVGUEVES SLOYVADCELS KOL 1
wTpikn  ekmaidevon. Bivteo oand Sidpopeg Swyvootikéc pebddovg, Omwg  To
VIEPNYOYPOPNUATA, Elval omapoaitnTo Yoo TNV €ykoiprn oviyvevon kot aloAdynon
KPICIU®V 10TPIKOV TEPIOTATIKOV. 2GTOCO, 1 OAGPAALCT) TNG TOLOTNTAG TOV Pivieo og
TPAYUATIKO ¥pOVO OMNUIOVPYEL ONUOVTIKEG TPOKANGEIS AOY® TNG SUVAUIKNG VoG TOV
acVPULOTOV SIKTO®V, TO 0TToi0 LETARAAAOVTOL GUVEXDS KOTA TN O1dpKeLe TOL Y¥pdvov. Ta
cvoTiuata petddoong Pivieo npémel va Tposapuoloviot Ypryopa 6T S1pOoPETIKE VPN
Covng, dtucearilovtag mapdAinio TV VYNAN TOWOTNTA TOL pETAdWOUEVOL Pivteo. T
TNV QVTILETMONIGT QVTOV TOV TPOKANCEMV, GE OVTH TNV TTVYLOKT EpYOcio avarnTuyOnKav
povtélo TpdPreync mpog ta epnpog (Forward Models) yio thv moldtnta tov Bivieo, tov
puOud kapé ava devteporento (fps) ko tig amatoelg bitrate. [MapdAinia, epapudotnke
éva mhaiclo PeATIoTONOINONG TOAATADV GTOYWV, LE GKOTO TNV €E1GOPPOTNCT AVTAOV
TOV TOPAUETP®V Kol TNV emitevdn TPOCOPUOCTIKNG Kmdikomoinong Pivieo oe
mpaypatikd yxpovo. H pnéBodog tkavomotel Toug ypovikd HETARBAALOUEVOVG TEPLOPIGLOVG
Kot eraAn0gvETAL YPNGIULOTOLDOVTOS VO SLUPOPETIKOVES KMIKOTOMTEG TOV X265 Ko Tov
SVT-AV1. Z16y0¢ givar va PektiowBel 1 modtra kot wopdiinio va peltwdel to bitrate
Kot 0 ypdvog kmwdwkomoinong tov Pivieo. Ta poviéda mpdPreyng mpog ta eumpog
katackevdlovrar offline yia d1Gpopec mepmtdoelg cvumicons, avaloya He TOV 6TOYO
Beltiotonoinong (bitrate, mowdtnta Pivteo, ypodvog kwdwkomoinong). H pebodoroyia
Baciotnke oe mpoaypatikd ixvn dwktvov omd acvppota 3G diktva. Xt cuvéyeld,
epopuoletar £vag TPOGAPUOCTIKOC EAEYKTNG O OTOI0G XPNCLOTOLEL TOL LOVTEAQ Y10l VL
TPOGOPUOLEL OLVOLIKA TIC TOPAUETPOVS KMOOKOTOINONG avAAOYd LE TIG OTUYHOUES
olakvpdvoelg tov gbpovg Covng. O eheyktg emdéyel v PEATIOT SOUOPP®ON
KOKOTOINoNg COLPOVO LE TNV KOTAGTAGT TOV OGVPLOTOV SIKTVOV TOV UETAPAAAETOL
pe v mapodo tov xpovov. o v emkdpwon g mpoTevouevnS pebodoroyiag,
ypnoworominke éva cOHVoro dedouévev amd Pivieo vIeEpNY®V TOV KOAPOTIOK®OV
apmpuov (CCA), pe avalvorn 560x448 kor pvbuo 40 fps. H perétn eotidler oty
a&loAdyNo” TNG TPOCAPHOCTIKYG KMOKOTOINoNg kot petddoong Bivieo divovtag Epgoon
oV axpifelo Tov HovIEA®mV TpOPAEYNG TPOG TAL EUTPOG, TNV KOTAVOUY TOV COOAUATOV

KOl TN SLYKPLTIKY 0dO00T ToL aAyopiBpov. Ot d1dpeceg TOGOOTIONES OIOKVLAVGELS TMV
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