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Abstract

SÔsthma Met�doshc Eikìnac kai Video basismèno se prosarmostikì JPEG2000 gia
ensÔrmata kai asÔrmata dÐktua

Anast�sioc KurillÐdhc

Prìedroc Epitrop c - Epiblèpwn:
Kajhght c Zerb�khc Miqa l

Tomèac Thlepikoinwni¸n kai Susthm�twn

Skopìc thc diplwmatik c ergasÐac eÐnai h dhmiourgÐa sust matoc metadìshc video se mor-

f  JPEG2000. Lìgw eÔrouc poikilÐac suskeu¸n kai kanali¸n met�doshc, melet�me thn

apostol /l yh video tìso gia ensÔrmata (Ethernet) ìso kai gia asÔrmata dÐktua (Wire-

less/Bluetooth) kai ekmetalleuìmaste k�poiec apì tic idiìthtec pou parèqei to prìtupo

JPEG2000. Oi tèsseric basikoÐ skopoÐ thc diplwmatik c ergasÐac eÐnai oi ex c:

• Melèth tou protÔpou JPEG2000 kai twn dunatot twn pou prosfèrei.

• DhmiourgÐa enìc aploÔ sust matoc apostol c/l yhc diadoqik¸n arqeÐwn eikìnac se

kwdikopoÐhsh JPEG2000 metaxÔ dÔo   perissotèrwn qrhst¸n mèsw enìc topikoÔ di-

ktÔou Ethernet.

• BeltistopoÐhsh tou sust matoc wc proc tic dunatìthtec pou dÐnontai ston qr sth gia

rÔjmish thc poiìthtac thc efarmog c, ìpwc autìmath prosarmog  tou rujmoÔ aposto-

l c eikìnwn, dunatìthta epilog c epijumht c an�lushc kai poiìthtac video, dunatìthta

autìmathc prosarmog c tou algìrijmou kwdikopoÐhshc/apokwdikopoÐhshc se pompì kai

dèkth an�loga me thn sumfìrhsh dedomènwn sto dÐktuo.

• Melèth thc sumperifor�c tou sust matoc se asÔrmata dÐktua kai pio sugkekrimèna se

dÐktua 802.11 kai Bluetooth.
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Tèloc, to megalÔtero euqarist¸ jèlw na to apeujÔnw sthn oikogènei� mou pou me st rixe

yuqologik� kai ulik� ìla aut� ta qrìnia. Wc el�qisth èndeixh sebasmoÔ afier¸nw thn ergasÐa

aut  stouc goneÐc mou kai ston aderfì mou.

x
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1
Eisagwg 

1.1 Genik�

H entupwsiak  an�ptuxh tou Internet thn teleutaÐa dekaetÐa èqei dhmiourg sei thn an�gkh

gia thn an�ptuxh plhj¸rac nèwn efarmog¸n, pèran twn sunhjismènwn asÔgqronhc met�doshc

dedomènwn ìpwc to e-mail kai h antallag  arqeÐwn. Efarmogèc ìpwc h apostol  kai l yh

real-time streaming video èqoun aux sei tic apait seic wc proc thn apìdosh twn diktÔwn. To

real-time streaming video apaiteÐ meg�lec qwrhtikìthtec diktÔou gia thn metafor� dedomènwn

kai èqei uyhlèc apait seic wc proc thn kajustèrhsh apostol c kai l yhc dedomènwn, ton

sugqronismì thc eikìnac metaxÔ pompoÔ kai dèkth kai thn ap¸leia pakètwn lìgw Ôparxhc

jorÔbou sto kan�li epikoinwnÐac, ta opoÐa èqoun san apotèlesma th meÐwsh thc poiìthtac

thc efarmog c. Pio sugkekrimèna:

• Qwrhtikìthta kanalioÔ: Gia thn l yh kal c poiìthtac video, wc proc to rujmì apo-

stol c twn eikìnwn kai tou mètrou SNR, prèpei na oristeÐ h el�qisth qwrhtikìthta

dedomènwn kat� thn di�rkeia thc sÔndeshc. K�ti tètoio ìmwc den uposthrÐzetai apì

to Internet, ìpwc èqei oristeÐ sthn twrin  tou kat�stash. Par�llhla, oi diakomistèc

(routers) twn diktÔwn sun jwc den parèqoun dunatìthta elègqou se peript¸seic uper-

fìrtwshc tou diktÔou me apotèlesma na pèftei h poiìthta tou lhfjèntoc video.

• Kajustèrhsh apostol c/l yhc dedomènwn: H real-time streaming video efarmog  a-

paiteÐ sugqronismì metaxÔ pompoÔ kai dèkth ¸ste h apostol  kai l yh twn eikìnwn
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na èqei ìso to dunatìn el�qisth, sugkekrimènh kai stajer  kajustèrhsh. Epomènwc,

prèpei oristeÐ mÐa mègisth apì �kro se �kro kajustèrhsh kat� thn di�rkeia thc apo-

stol c/l yhc dedomènwn. Autì shmaÐnei ìti ta pakèta pou apostèllontai sto dÐktuo

prèpei na lhfjoÔn, na epexergastoÔn kai na emfanistoÔn sthn ojình tou dèkth mèsa

se sugkekrimèno qronikì di�sthma - diaforetik�   ta dedomèna jewroÔntai �qrhsta   h

anaparagwg  diakìptetai me apotèlesma epìmena dedomèna na qajoÔn. Akìma kai sthn

perÐptwsh pou h efarmog  epitrèpei mÐa mikr  kajustèrhsh, to Internet den parèqei

mhqanismì gia na exasfalÐsei thn mègisth aut  kajustèrhsh.

• Ap¸leia pakètwn: 'Enac apì tou kuriìterouc lìgouc meÐwshc thc poiìthtac video e-

Ðnai h ap¸leia pakètwn dedomènwn kat� thn apostol  touc apo ton pompì ston dèkth.

Dedomènhc, ìmwc, thc qronik c topikìthtac metaxÔ diadoqik¸n eikìnwn, up�rqoun mhqa-

nismoÐ pou mporoÔn kai elaqistopoioÔn thn epÐdrash pou èqei h ap¸leia mikroÔ arijmoÔ

pakètwn sthn poiìthta eikìnac.

Apì thn �llh pleur�, to Internet parousi�zei meg�lh eterogèneia kaj¸c apoteleÐtai a-

po sundèseic metaxÔ termatik¸n pou poikÐloun wc proc thn qwrhtikìthta dedomènwn kai ta

qarakthristik� tou kanalioÔ epikoinwnÐac. Epiprìsjeta, oi suskeuèc pou sundèontai sto

dÐktuo kai summetèqoun sthn efarmog  diafèroun wc proc tic dunatìthtec pou prosfèroun

kai th diajèsimh isqÔ epexergasÐac. Sunep¸c, mÐa prìklhsh pou dhmiourgeÐtai sto tomèa tou

real-time video streaming eÐnai h dhmiourgÐa efarmog c pou ekmetalleÔtai se mègisto bajmì

tautìqrona tic dunatìthtec tou diktÔou kai prosarmìzetai stic dunatìthtec twn suskeu¸n

pou eÐnai sundedemènec se autì [2].

Dedomènwn ìlwn twn parap�nw kai exaitÐac thc auxanìmenhc apaÐthshc gia diadrasti-

kèc efarmogèc polumèswn, tìso se ensÔrmata ìso kai se asÔrmata dÐktua, ègine apaira-

Ðthto na sumperilhfjoÔn k�poiec epijumhtèc idiìthtec stouc algìrijmouc kwdikopoÐhshc ei-

kìnac/video. 'Etsi, oi algìrijmoi kwdikopoÐhshc eikìnac/video ìqi mìno prèpei na parousi-

�zoun exairetik  poiìthta kai apìdosh, all� prèpei na parèqoun pl joc dunatot twn ìpwc

kal  apìdosh se qamhl� bit-rates, dunatìthta lossless kai lossy sumpÐeshc apì to Ðdio arqe-

Ðo, asf�leia, anoq  se l�jh, stadiak  met�dosh, region-of-interest, ktl. Up�rqoun polloÐ

algìrijmoi kwdikopoÐhshc eikìnac/video pou mporoÔn na d¸soun kal� apotelèsmata kaj¸c
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ekmetalleÔontai thn qronik  kai qwrik  topikìthta thc kinoÔmenhc eikìnac ìpwc to MPEG-2,

H.263 kai H.264/AVC MPEG-4 Part 10   parousi�zoun qamhl  poluplokìthta epexergasÐac

kat� thn kwdikopoÐhsh/apokwdikopoÐhsh ìpwc to MJPEG. Par�ìla aut�, den parèqoun tic

proanaferjeÐsec epijumhtèc idiìthtec. AntÐjeta, to JPEG2000 eÐnai èna sqetik� prìsfato

prìtupo kwdikopoÐhshc eikìnac tou opoÐou h arqitektonik  èqei oristeÐ me tètoio trìpo ¸ste

o Ðdioc algìrijmoc na epitrèpei plhj¸ra epilog¸n kai dunatot twn. Par�llhla, ekmetalle-

Ôetai tic teleutaÐec exelÐxei ston tomèa twn polumèswn kai twn epikoinwni¸n se antÐjesh me

palaiìtera prìtupa pou emfanÐsthkan prin thn èxarsh tou fainomènou tou diadiktÔou.

To prìtupo JPEG2000 basÐzetai ston metasqhmatismì DWT (Discrete Wavelet Trans-

form) antÐjeta me JPEG pou basÐzetai ston metasqhmatismì DCT (Discrete Cosine Trans-

form). H arqitektonik  tou DWT epitrèpei tautìqrona lossless kai lossy kwdikopoÐhsh sthn

Ðdia akoloujÐa bits kai domeÐ ta pakèta twn bits me kat�llhlo trìpo epitrèpontac diaforetik�

eÐdh epexergasÐac thc eikìnac tìso sthn kwdikopoÐhsh ìso kai sthn apokwdikopoÐhsh.

Skopìc thc diplwmatik c ergasÐac eÐnai h dhmiourgÐa sust matoc metadìshc video se

morf  JPEG2000. Lìgw eÔrouc poikilÐac suskeu¸n kai kanali¸n met�doshc, melet�me thn

apostol /l yh video tìso gia ensÔrmata (Ethernet) ìso kai gia asÔrmata dÐktua (Wire-

less/Bluetooth) kai ekmetalleuìmaste k�poiec apì tic idiìthtec pou parèqei to prìtupo

JPEG2000.

1.2 Stìqoi diplwmatik c ergasÐac

Oi tèsseric basikoÐ stìqoi thc diplwmatik c ergasÐac eÐnai ex c: Pr¸ton, h melèth tou pro-

tÔpou JPEG2000 kai twn dunatot twn pou prosfèrei. DeÔteron, eÐnai h dhmiourgÐa enìc

aploÔ sust matoc apostol c/l yhc diadoqik¸n arqeÐwn eikìnac se kwdikopoÐhsh JPEG2000

metaxÔ dÔo   perissotèrwn qrhst¸n mèsw enìc topikoÔ diktÔou Ethernet. TrÐton, eÐnai h

beltistopoÐhsh tou sust matoc wc proc tic dunatìthtec pou dÐnontai ston qr sth gia rÔjmi-

sh thc poiìthtac thc efarmog c, ìpwc autìmath prosarmog  tou rujmoÔ apostol c eikìnwn,

dunatìthta epilog c epijumht c an�lushc kai poiìthtac video, dunatìthta autìmathc prosar-

mog c tou algìrijmou kwdikopoÐhshc/apokwdikopoÐhshc se pompì kai dèkth an�loga me thn

sumfìrhsh dedomènwn sto dÐktuo. Tètarton, eÐnai h melèth thc sumperifor�c tou sust matoc

se asÔrmata dÐktua kai pio sugkekrimèna se dÐktua 802.11 kai Bluetooth.
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To sÔsthma apoteleÐtai apì èna pompì kai dÔo   perissìterouc dèktec sthn perÐptwsh tou

Ethernet kai 802.11 kai apì èna pompì/dèkth sthn perÐptwsh tou Bluetooth. Wc prwtìkollo

epikoinwnÐac qrhsimopoieÐtai to RTP/RTCP, to opoÐo eÐnai kat�llhlo gia multimedia efar-

mogèc, en¸ se epÐpedo sockets qrhsimopoieÐtai to prwtìkollo UDP. O pompìc eÐnai upeÔjunoc

gia thn dhmiourgÐa pakètwn kai thn apostol  touc sto dÐktuo. Apì thn �llh pleur�, o dèkthc

topojeteÐ ta pakèta pou dèqetai se seir� gia thn dhmiourgÐa twn frames kai enhmer¸nei ton

pompì gia thn poiìthta thc l yhc. Par�llhla, parèqontai ston dèkth mÐa seir� epilog¸n:

• Adaptive encoding/decoding: Dedomènou ìti h kwdikopoÐhsh/apokwdikopoÐhsh tou

protÔpou JPEG2000 parousi�zei uyhlìterh poluplokìthta se sqèsh me �lla prìtu-

pa eikìnac, dÐnetai h epilog  ston dèkth na epilèxei autìmath epilog  kwdikopoÐhshc

eikìnac. Pio sugkekrimèna, an�loga me thn poiìthta l yhc ston dèkth, epilègetai

to prìtupo kwdikopoÐhshc/apokwdikopoÐhshc ¸ste na epiteuqjeÐ h kalÔterh poiìthta

l yhc.

• Resolution/Components/Quality Scalability: 'Opwc ja doÔme kai parak�tw, to JPEG-

2000 parèqei ston qr sth di�forec epilogèc ston trìpo me ton opoÐo domeÐtai to arqeÐo.

Ekmetalleuìmenoi aut  thn idiìthta, dÐnoume ston qr sth thn dunatìthta na epilèxei

ton trìpo apostol c twn pakètwn thc eikìnac. 'Etsi, o qr sthc mporeÐ na epilèxei na

apokwdikopoieÐ thn eikìna se qamhlìterh an�lush   se qamhlìterh poiìthta se sqèsh

me thn prwtìtuph eikìna apì thn Ðdia akoloujÐa bits me apotèlesma na kerdÐzei qrìno

epexergasÐac ston dèkth. EpÐshc, o qr sthc mporeÐ na epilèxei na apokwdikopoi sei mÐa

sunist¸sa thc eikìnac pet¸ntac thn plhroforÐa twn �llwn sunistws¸n.

1.3 Org�nwsh diplwmatik c

To keÐmeno apoteleÐtai apì tèssera kef�laia. To pr¸to kef�laio perilamb�nei perigraf 

tou JPEG2000 protÔpou, perigraf  twn basik¸n qarakthristik¸n tou kai thc diadikasÐac

pou akoloujeÐtai gia thn kwdikopoÐhsh thc eikìnac, parousÐash thc basik  dom c me thn

opoÐa organ¸nontai ta JPEG2000 arqeÐa kai perigraf  prìsjetwn qarakthristik¸n pou pa-

rèqei to prìtupo. AkoloujeÐ mÐa seir� sugkrÐsewn tou protÔpou me �lla prìtupa kai se
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di�forec sunj kec, mèsw prosomoi¸sewn pou èginan sthn ergasÐa aut : sÔgkrish tou pro-

tÔpou JPEG2000 me �llec kwdikopoi seic eikìnac JPEG, JPEG-LS wc proc thn sumpÐesh

eikìnac kai thn epÐdosh touc se lossy sumpÐesh kai anoq  se l�jh, sÔgkrish twn ulopoi sewn

JPEG2000 gia thn epilog  mÐac kat�llhlhc gia thn ulopoÐhsh tou sust matoc, sÔgkrish tou

MJPEG20000 me to prìtupo kwdikopoÐhshc video H.264/AVC MPEG-4 Part 10. Tèloc,

melet�tai to prìtupo JPWL kai oi dunatìthtec pou prosfèrei gia met�dosh mèsa apì kan�lia

pou eis�goun l�jh sthn akoloujÐa.

To dèutero kef�laio perilamb�nei perigraf  twn prwtokìllwn pou qrhsimopoioÔntai sta

di�fora str¸mata tou diktÔou gia thn ulopoÐhsh tou sust matoc: TCP/UDP gia to epÐpedo

metafor�c, RTP gia to epÐpedo sunìdou kai Ethernet, 802.11, Bluetooth gia to epÐpedo zeÔxhc

dedomènwn.

Sto trÐto kef�laio perigr�fetai to sÔsthma met�doshc eikìnac kai video: perigraf  bi-

bliojhk¸n pou qrhsimopoi jhkan, perigraf  trìpou apostol c (scaler   adaptive encod-

ing/decoding) kai leptomer c perigraf  tou trìpou apostol c kai l yhc dedomènwn apì ton

pompì ston dèkth.

Tèloc, sto tètarto kef�laio paratÐjentai metr seic apì thn leitourgÐa tou sust matoc

gia tic di�forec epilogèc ìpou diapist¸noume ìti to JPEG2000 parèqei plhj¸ra dunatot twn

stic sÔgqronec diadrastikèc efarmogèc kai apoteleÐ polÔ kal  epilog  wc prìtupo eikìnac

kai video gia thn apostol  kai l yh polumèswn.
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2
Prìtupo JPEG2000

2.1 Eisagwg 

To JPEG2000 apoteleÐ èna nèo diejnèc prìtupo kwdikopoÐhshc eikìnac to opoÐo anaptÔqjh-

ke apì touc diejneÐc organismoÔc ISO (International Organization for Standardization) kai

IEC (International Electrotechnical Commision) en¸ uposthrÐzetai apì thn diejn  ènwsh

thlepikoinwni¸n wc proteinìmeno mèso kwdikopoÐhshc polumèswn (ITU).

H arq  sthn dhmiourgÐa protÔpwn kwdikopoÐhshc eikìnac ègine to 1982 kai met� apì 5

qrìnia idrÔjhke h ereunhtik  om�da JPEG (Joint Photographic Experts Group). Par�ìla

aut�, to prìtupo JPEG anagnwrÐsthke wc prìtupo polÔ argìtera to 1992 - pio sugkekrimèna

jewr jhke wc mia oikogèneia teqnik¸n kwdikopoÐhshc kai ìqi san ènac algìrijmoc kwdiko-

poÐhshc. To JPEG parèqei mia gk�ma teqnik¸n kai idiot twn apì tic opoÐec epilègei k�je

efarmog  an�loga me tic apait seic thc. To prìtupo parèqei 4 basikoÔc trìpouc qr shc

tou kai k�je ènac perilamb�nei plhj¸ra �llwn parallag¸n me apotèlesma na dÐnetai ston

qr sth h dunatìthta na kwdikopoi sei thn eikìna me 44 trìpouc, kajènac apì touc opoÐouc

qarakthrÐzetai apì diaforetikèc idiìthtec. 'Ereunec èqoun deÐxei ìti to 90% to qrhst¸n qrh-

simopoioÔn thn baseline JPEG kwdikopoÐhsh, h opoÐa apoteleÐ mia periorismènh morf  tou

metasqhmatismoÔ sequential Discrete Cosine Tranform (DCT), me apotèlesma oi upìloipec

epilogèc na mhn exeliqjoÔn peraitèrw. Par� to gegonìc ìti to JPEG jewreÐtai prìtupo

eikìnac me sugkekrimènh kwdikopoÐhsh, h epitrop  protupopoÐhshc orÐzei diaforetik  sÔnta-

xh thc akoloujÐac dedomènwn sthn kwdikopoihmènh eikìna kai tou trìpou apokwdikopoÐhshc
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gia k�je mÐa diaforetik  parallag  tou protÔpou. To tm ma thc diadikasÐac pou epidèqetai

allagèc me skopì thn aÔxhsh thc epÐdoshc tou protÔpou eÐnai to sÔsthma sumpÐeshc. Apì

aut  thn �poyh, to JPEG apoteleÐ èna prìtupo apokwdikopoÐhshc me to opoÐo prèpei na eÐnai

sumbat  k�je kainotomÐa ston tomèa thc sumpÐeshc dedomènwn.

Apì thn perÐodo orismoÔ tou JPEG, h teqnologÐa èqei gnwrÐsei shmantikèc allagèc lìgw

thc an�ptuxhc tou pagkìsmiou istoÔ, thc ektetamènhc qr shc tou kajhmerin�, thc exèlixhc

ston tomèa twn polumèswn, twn thlepikoinwni¸n kai twn susthm�twn. Par� to gegonìc ìti

se ìlh thn di�rkeia Ôparx c tou apotèlese to basikì prìtupo kwdikopoÐhshc eikìnac me e-

pituqÐa, to JPEG den parèqei mia seir� qarakthristik¸n pou eÐnai aparaÐthta s mera stic

diadrastikèc efarmogèc polumèswn kai den ekmetalleÔetai me ton kalÔtero trìpo tic idiìth-

tec twn asÔrmatwn kai ensÔrmatwn diktÔwn. 'Ena shmantikì b ma ston tomèa sthc sumpÐeshc

eikìnac ègine me thn epanektÐmhsh twn idiot twn tou DWT (Discrete Wavalet Transform) apì

to opoÐo èqoun prokÔyei polloÐ algìrijmoi kwdikopoÐhshc eikìnac. Me skopì na uperskeli-

stoÔn oi adunamÐec tou JPEG kai na qrhsimopoihjeÐ stic sÔgqronec efarmogèc twn kinht¸n

kai diadiktuak¸n efarmog¸n, to JPEG2000 anaptÔqjhke p�nw stic basikèc arqèc tou DWT

en¸ pollèc proekt�seic brÐskontai sto st�dio thc an�ptuxhc apo thn epitrop  ISO/IEC. Ka-

tafèrnei na sundu�zei tic teleutaÐec exelÐxeic ston tomèa thc sumpÐeshc eikìnac parèqontac

èna enwpoihmèno ergaleÐo tìso gia lossless ìso kai lossy sumpÐesh/aposumpÐesh apì thn Ðdia

akoloujÐa dedomènwn kai qrhsimopoi¸ntac ton Ðdio algìrijmo. H arqitektonik  tou algo-

rÐjmou ektìc thc ikanìthtac sumpÐeshc se osod pote qamhlì bit-rate, parèqei dunatìthtec

pou to k�noun kat�llhlo mèso gia metafor� polumèswn akìma kai se jorub¸dh asÔrmata

dÐktua. To JPEG2000 problèpetai na brei efarmog  se mia meg�lh gk�ma efarmog¸n ìpwc

Internet, yhfiak  fwtografÐa, grafik�, iatrikèc efarmogèc, yhfikèc biblioj kec, b�seic de-

domènwn polumèswn, doruforik  eikonogr�fhsh, kinht  epikoinwnÐa polumèswn, efarmogèc

3G, client-server efarmogèc, e-commerce, color reprography (printing, scanning, fascimile)

ktl.

To JPEG2000 apoteleÐtai apì 12 mèrh, ìpwc ja perigrafoÔn parak�tw. Ta basik� stoi-

qeÐa tou algorÐjmou perilamb�nontai sto Part 1, sto opoÐo ja epikentrwjeÐ kai h parak�tw

perigraf . Gia ta upìloipa mèrh, sac parapèmpoume sthn diejn  bibliografÐa.

To basikì meionèkthma tou JPEG2000 se sqèsh me to twrinì JPEG eÐnai h auxhmènh
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poluplokìthta kai oi auxhmènec apait seic se upologistik  isqÔ kat� thn di�rkeia thc kw-

dikopoÐhshc. H diadikasÐa kwdikopoÐhshc JPEG2000 parousi�zei megalÔterh poluplokìthta

se sqèsh me JPEG kai �lla prìtupa eikìnac, ìpwc ja perigrafeÐ parak�tw. Autì èqei san

apotèlesma thn an�gkh gia an�ptuxh arqitektonik¸n uyhl¸n epidìsewn se epÐpedo hardware

kai VLSI-chips pou ekmetalleÔontai ton parallhlismì dedomènwn me skopì thn epit�qunsh

thc diadikasÐac kwdikopoÐhshc stic real-time efarmogèc.

2.2 Perigraf  JPEG2000

2.2.1 Basik� Qarakthristik� JPEG2000

H basik  filosofÐa p�nw sthn opoÐa basÐsthke to JPEG2000 eÐnai h dunatìthta kwdikopo-

Ðhshc thc eikìnac me èna trìpo kai apokwdikopoÐhshc thc Ðdiac eikìnac me polloÔc trìpouc

me skopì na kalufjoÔn apait seic diaforetik¸n efarmog¸n. Merik� apì ta qarakthristik�

pou parèqei to JPEG2000 kai qrhsimopoioÔntai eurèwc perigr�fontai parak�tw:

• Exairetik  apìdosh se qamhl� bit-rates: Prosfèrei uy lh apìdosh wc proc thn poiìth-

ta eikìnac kai tou mètrou PSNR (peak signal-to-noise ratio) se polÔ qamhl� bit-rates

(0.25 bit/pixel) se sqèsh me �lla prìtupa eikìnac. Sthn perÐptwsh pou èqoume Ðdia

poiìthta eikìnac se JPEG2000 kai JPEG, to JPEG2000 katorj¸nei megalÔterh sum-

pÐesh dedomènwn (e¸c kai 20-25%), qarakthristikì pou eÐnai aparaÐthto sthn met�dosh

sumpiesmènwn eikìnwn se qamhl c qwrhtikìthtac kan�li.

• SumpÐesh eikìnac suneqoÔc qr¸matoc kai duadik c eikìnac: To JPEG2000 sumpièzei/

aposumpièzei eikìnec tìso suneqoÔc qr¸matoc (grayscale kai ègqrwmec) ìso kai duadi-

kèc eikìnec. To prìtupo JBIG2 èqei orisjeÐ gia thn sumpÐesh duadik¸n eikìnwn qrh-

simopoi¸ntac ton Ðdio MQ-coder pou qrhsimopoieÐtai gia thn kwdikopoÐhsh twn wavelet

suntelest¸n twn asprìmaurwn kai ègqrwmwn.

• Lossless kai lossy sumpÐesh: H arqitektonik  tou protÔpou dÐnei thn dunatìthta gia

lossless kai lossy sumpÐesh eikìnac kai m�lista apì thn Ðdia akoloujÐa dedomènwn qrh-

simopoi¸ntac anastrèyimouc metasqhmatismoÔc qr¸matoc kai wavelet (reversible color
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transform kai reversible wavelet transform). Autì èqei san apotèlesma, h Ðdia arqite-

ktonik  na qrhsimopoieÐtai gia efarmogèc pou apaitoÔn mh-ap¸leia plhroforÐac, ìpwc

oi iatrikèc efarmogèc, kai gia efarmogèc pou apaitoÔn uyhl  sumpÐesh me ap¸leia plh-

roforÐac, ìpwc ta jorub¸dh asÔrmata dÐktua.

• Dunatìthta dhmourgÐac sumpiesmènhc eikìnac prokajorismènou megèjouc: To JPEG

2000 epitrèpei stouc qr stec na dialèxoun sugkekrimèno mègejoc thc sumpiesmènhc ei-

kìnac. Autì eÐnai dunatì apì thn arqitektonik  kwdikopoÐhshc bit-plane kai elègqontac

to bit-rate mèsw tou rate control. H sumpÐesh mporeÐ na efarmosteÐ se ìla ta bit-planes

se ìla ta codeblocks e¸c ìtou to epijumhtì mègejoc arqeÐou epiteuqjeÐ. Autì to qara-

kthristikì eÐnai qr simo gia ulopoi seic hardware me periorismèno mègejoc buffer ìpwc

ektupwtèc, sarwtèc ktl.

• Stadiak  met�dosh wc proc thn poiìthta eikìnac, thn an�lush kai twn qrwmatik¸n

suntelest¸n: Qrhsimopoi¸ntac to prìtupo JPEG2000, eÐnai dunat  h org�nwsh thc

akoloujÐac dedomènwn kai pakètwn proc apostol  me tètoio trìpo ¸ste ìso perissìtera

dedomèna ft�noun kai apokwdikopoioÔntai ston dèkth, na aux�netai stadiak� eÐte h

poiìthta thc eikìnac (wc proc SNR), eÐte h an�lush thc lambanìmenhc eikìnac, eÐte h

qrwmatik  sunist¸sa thc eikìnac eÐte sunduasmìc aut¸n. Autì gÐnetai me thn stadiak 

apokwdikopoÐhsh apì ta pio shmantik� bit-planes proc ta ligìtera shmantik�, e¸c ìtou

apokwdikopoihjeÐ olìklhrh h eikìna. Wc proc thn qrwmatik  sunist¸sa thc eikìnac,

gia par�deigma, mÐa efarmog  eÐnai h l yh eikìnac se YCbCr qrwmatikì prìtupo kai

h apostol  mìno tou Y suntelest  gia asprìmaurh apeikìnish ston dèkth. 'Ola aut�

brÐskoun efarmog  se real-time anaz thsh eikìnwn sto diadÐktuo, se real-time met�dosh

eikìnwn mèsa apì kan�lia me periorismèno bandwidth, se apokwdikopoÐhsh eikìnac gia

suskeu  me sugkekrimènh an�lush, ktl.

• Region-of-Interest (ROI): Dedomènou ìti kat� thn sumpÐesh twn dedomènwn up�rqei pe-

rÐptwsh na qajeÐ plhroforÐa apì tm mata eikìnac pou èqoun idiaÐterh shmasÐa sthn

efarmog , to JPEG2000 parèqei ston qr sth thn dunatìthta na epilègei perioqèc thc

eikìnac apì tic opoÐec den ja qajeÐ plhroforÐa kat� thn diadikasÐa thc kwdikopoÐhshc.
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Par�llhla, kat� thn di�rkeia thc apokwdikopoÐhshc, o qr sthc epilègei ton bajmì ston

opoÐo oi perioqèc ja apokwdikopoihjoÔn me merik�   ìla ta dedomèna. Gia par�deigma,

ston pompì miac iatrik c efarmog c mia seir� perioq¸n enìc radiograf matoc jewro-

Ôntai shmantikèc kai gia autèc apofasÐzetai na mhn qajeÐ kamÐa plhroforÐa kat� thn

kwdikopoÐhsh - gia ton skopì autì qrhsimopoieÐtai to qarakthristikì tou ROI. Pio

sugkekrimèna, oi mh shmantikèc perioqèc kwdikopoioÔntai eis�gwntac l�jh sthn apei-

kìnish touc ¸ste na meiwjeÐ to sunolikì mègejoc thc telik c eikìnac. Apì thn �llh,

ston dèkth mporeÐ na epilegeÐ na apokwdikopoihjeÐ h eikìna me ìlh thn plhroforÐa pou

tou apest�llei   k�nontac meÐwsh thc poiìthtac eikìnac epilègontac ta komm�tia thc

plhroforÐac pou eÐnai pio shmantik�.

• Prìsbash kai epexergasÐa se tuqaÐa tm mata thc eikìnac: Apì to prohgoÔmeno qa-

rakthristikì, parathroÔme ìti eÐnai dunat  h exagwg  kai epexergasÐa opoioud pote

tm matoc thc akoloujÐac dedomènwn. Merikèc apì tic epilogèc epexergasÐac eÐnai h a-

pokop  tmhm�twn eikìnac, h peristrof  touc, h exagwg  qarakthristik¸n apì autèc, h

megèjunsh kai smÐkruns  touc, ktl. Me ton Ðdio trìpo, eÐnai dunat  h antikat�stash

tmhm�twn eikìnac me �lla tm mata, dunatìthta pou eÐnai shmantik  se efarmogèc ìpwc

animation, grafik�, ergaleÐa epexergasÐac eikìnac ktl.

• Asf�leia: An kai o basikìc orismìc tou protÔpou JPEG2000 den perilamb�nei plh-

roforÐec gia teqnikèc asf�leiac, eÐnai dunatìn na eis�goume qarakthristik� asfaleÐac

sthn akoloujÐa dedomenwn JPEG2000. 'Ena apì ta tm mata tou JPEG2000 eÐnai to

tm ma asf�leiac twn dedomènwn JPEG2000 (Part 8), to opoÐo ìmwc brÐsketai se epÐpe-

do an�ptuxhc kai den ja anaferjoÔme perissìtero. Merik� apì ta ergaleÐa pou mporeÐ

na qrhsimopoihjoÔn eÐnai watermarks, daktulik� apotup¸mata   ìroi pneumatik¸n di-

kaiwm�twn.

• MhqanismoÐ diìrjwshc laj¸n met�doshc se asÔrmatec zeÔxeic (JPWL): H an�ptuxh

twn kinht¸n suskeu¸n kai thlepikoinwni¸n èkane aparaÐthth thn dunatìthta apostol c

arqeÐwn polumèswn mèsa apì asÔrmatec zeÔxeic pou upìkeintai se poll� l�jh epikoinw-

nÐac. Gia ton lìgo autì, kajÐstatai aparaÐthto h an�ptuxh ergaleÐwn diìrjwshc laj¸n
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kat� thn met�dosh ston dèkth. To tm ma 11 tou JPEG2000 (JPWL) asqoleÐtai me

touc mhqanismoÔc diìrjwshc laj¸n pou mporoÔn na qrhsimopoihjoÔn kai meletoÔn thn

sumperifor� aut¸n stic di�forec apait seic twn efarmog¸n. Perissìterec plhroforÐec

dÐnontai sthn sunèqeia [1].

Sthn eikìna 2.1, faÐnontai merikèc apì tic idiìthtec pou perigr�fhkan parap�nw. Wc

eÐsodo jewreÐtai mÐa ègqrwmh eikìna tupou RGB, ìpwc faÐnetai sthn eikìna (a). Efarmìze-

tai metasqhmatismìc DWT tri¸n epipèdwn kai efarmìzetai ROI epexergasÐa se epilegmènh

perioq . H kwdikopoÐhsh gÐnetai qwrÐc ap¸leia plhroforÐac. To apotèlesma thc apokw-

dikopoÐhshc faÐnetai sthn eikìna (b). Sthn eikìna (c) faÐnetai h dunatìthta thc tuqaÐac

prìsbashc sta dedomèna, ìpou epilègontai sugkekrimèna pakèta dedomènwn thc akoloujÐac

kai apokwdikopoioÔntai xeqwrist�. H apokwdikopoÐhsh mÐac �mp�ntac� qrwm�twn mac dÐnei to

asprìmauro apotèlesma thc eikìnac (d) en¸ an apokwdikopoi soume dÔo apì ta trÐa epÐpeda

an�lushc, paÐrnoume mÐa eikìna sthn mis  an�lush thc prwtìtuphc eikìnac (eikìna (e)). A-

pokwdikopoi¸ntac thn eikìna qwrÐc ap¸leia plhroforÐac stic krÐsimec ROI perioqèc, èqoume

to apotèlesma thc eikìnac (f). Apì ìla aut�, sumperaÐnoume tic pollèc dunatìthtec pou

parèqontai ston qr sth me to prìtupo JPEG2000.

2.2.2 Mèrh tou JPEG2000

To prìtupo apoteleÐtai apì 12 mèrh, kajèna apì ta opoÐa prosjètei nèa qarakthristik� kai

dunatìthtec ston pur na tou algorÐjmou kwdikopoÐhshc (ektìc apì èna pou egkatal fjhke).

Ta 12 mèrh kai ta qarakthristik� touc perigr�fontai parak�tw:

• Part-1: Pur nac tou algorÐjmou JPEG2000 o opoÐoc ekdìjhke apo thn diejn  epitrop 

ISO/IEC 15444-1:2000. Ed¸ orÐzontai ta basik� qarakthristik� kai h sÔntaxh twn

arqeÐwn JPEG2000.

• Part-2: ApoteleÐ epèktash tou mèrouc 1, prosjètei pollèc nèec dunatìthtec ston basikì

pur na.

• Part-3: Prìkeitai gia to prìtupo Motion-JPEG2000 pou qrhsimopoieÐtai gia video

efarmogèc. To tm ma autì tou protÔpou orÐzei to format twn arqeÐwn MJPEG2000 ta

opoÐa apoteloÔntai apo akoloujÐec eikìnwn JPEG2000 me apotèlesma na dhmiourgeÐtai
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Sq ma 2.1: Dunatìthtec protÔpou JPEG2000 (eikìna bibliografÐac)
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h aÐsjhsh thc kÐnhshc. KurÐwc qrhsimopoieÐtai gia efarmogèc ìpou apaiteÐtai uyhl 

poiìthta eikìnac.

• Part-4: JewreÐtai  dh prìtupo kai skopì eÐqe ton kajorismì sumbat¸n proc to prìtupo

JPEG2000 ulopoi sewn kwdikopoÐhshc/apokwdikopoÐhshc.

• Part-5: Se autì to mèroc, dÔo ulopoi seic (se Java kai C) orÐzontai epÐshmec ulo-

poi seic JPEG2000 kai gÐnontai diajèsimec gia epal jeush swst c leitourgÐac twn

JPEG2000 susthm�twn pou dhmiourgoÔntai apì programmatistèc.

• Part-6: OrÐzei èna �llo format gia thn apoj keush eikìnwn JPEG2000.

• Part-7: 'Eqei egkatalhfjeÐ.

• Part-8: AsqoleÐtai me th asf�leia twn dedomènwn, ìpwc perigr�fhke parap�nw.

• Part-9: To tm ma autì orÐzei èna diadrastikì prwtìkollo epikoinwnÐac kai parèqei

ergaleÐa gia apotelesmatik  antallag  eikìnwn kai metadata.

• Part-10: Anafèretai stic 3-D efarmogèc trisdi�stath apeikìnish iatrik¸n eikìnwn.

• Part-11: AsqoleÐtai me th diìrjwsh laj¸n kat� thn met�dosh dedomènwn se asÔrmata

kan�lia (JPWL), ìpwc perigr�fhke parap�nw.

• Part-12: OrÐzei èna �llo format gia thn apoj keush eikìnwn JPEG2000.

Ta mèrh apì 8 e¸c 11 brÐskontai akìma se epÐpedo an�ptuxhc. H perigraf  parak�tw ana-

fèretai kurÐwc ston pur na tou algorÐjmou kwdikopoÐhshc Part-1.

2.2.3 Perigraf  DiadikasÐac KwdikopoÐhshc JPEG2000

'Opwc k�je prìtupo eikìnac kai video (JPEG, MPEG-1, MPEG-2, MPEG-4), ètsi kai to

prìtupo JPEG2000 èqei oristeÐ leptomer¸c apì thn pleur� thc apokwdikopoÐhshc. 'Etsi,

o apokwdikopoiht c orÐzetai me k�je leptomèreia gegonìc pou epitrèpei na deiktodothjoÔn

oi dunatìthtec tou kwdikopoiht . Par�ìla aut� eÐnai polÔ dÔskolo na gÐnei katanoht  h

diadikasÐa kwdikopoÐhshc/apokwdikopoÐhshc apì thn optik  tou apokwdikopoiht . Gia autì,

perigr�foume ton mhqanismì apì thn optik  tou kwdikopoiht . To ìlo sÔsthma mhqanismoÔ

sumpÐeshc qwrÐzetai se treic f�seic: (1) proepexergasÐa eikìnac, (2) sumpÐesh kai (3) sqhma-

tismìc thc akoloujÐac dedomènwn. H perigraf  twn f�sewn gÐnetai stic epìmenec upoenìthtec

[1],[3].
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ProepexergasÐa eikìnac

H f�sh thc proepexergasÐac eikìnac apoteleÐtai apì treic diadikasÐec: pr¸ta tiling, sthn

sunèqeia DC level shifting kai tèloc multicomponent transfmormation.

Tiling: H pr¸th diadikasÐa thc proepexergasÐac, h opoÐa eÐnai proairetik , eÐnai h diadikasÐa

tiling. Se autì to st�dio, h eikìna proc kwdikopoÐhsh qwrÐzetai se èna arijmì apì mh-

epikaluptìmena tetr�gwna tm mata thc eikìnac se perÐptwsh pou h eikìna eÐnai polÔ meg�lh.

K�je èna apì aut� ta tm mata onom�zetai tile. 'Ola ta tm mata mÐac eikìnac èqoun Ðdio

mègejoc ektìc apì ekeÐna pou brÐskontai sta ìria thc eikìnac, se perÐptwsh pou oi diast�seic

thc eikìnac den eÐnai pollapl�sio tou megèjouc tou tile. To mègejoc twn tiles mporeÐ na

eÐnai aujaÐreta meg�lo me �nw ìrio to mègejoc thc prwtìtuphc eikìnac. Gia thn perÐptwsh

twn polÔqrwmwn eikìnwn pou apoteloÔntai apì perissìterec apì mÐa sunist¸sec, k�je tile

apoteleÐtai apì tiles gia k�je qrwmatik  sunist¸sa thc eikìnac. Mìlic sqhmatistoÔn ta

tiles, kajèna apì aut� kwdikopoieÐtai xeqwrist� me apotèlesma, stic peript¸seic thc uyhl c

sumpÐeshc, na parathroÔntai asunèqeiec sta ìria twn tiles metaxÔ touc. 'Etsi, mikrìtera

tiles apaitoÔn mikrìterh upologistik  isqÔ kai mn mh all� stic peript¸seic uyhl c sumpÐeshc

dhmiourgoÔn asunèqeiec se antÐjesh me ta megalÔtera tiles pou èqoun kalÔterh apeikìnish

all� uyhl  poluplokìthta kwdikopoÐhshc. Profan¸c, h idanik  lÔsh eÐnai h qr sh enìc tile

me mègejoc Ðso me tic diast�seic thc eikìnac proc kwdikopoÐhsh. Tupikèc timèc twn tiles eÐnai

256x256 kai 512x512.

DC Level Shifting: Arqik�, ta pixels thc eikìnac eÐnai apojhkeumèna me thn morf  twn mh

proshmasmènwn akeraÐwn. Gia skopoÔc majhmatik c poluplokìthtac, eÐnai basikì na meta-

trèyoume ta deÐgmata se anapar�stash sumplhr¸matoc wc proc 2 prin opoiond pote metasqh-

matismì   majhmatikì upologismì thc eikìnac. Stìqoc tou DC level shifting eÐnai h diasf�lish

ìti ta deÐgmata thc eikìnac èqoun dunamikì eÔroc pou topojeteÐtai me kèntro to mhdèn. H

f�sh aut  eÐnai proairetik  kai den qrhsimopoi jhke kat� thn di�rkeia twn peiram�twn.

Multicomponent Transformations: Stic polÔqrwmec eikìnec, oi plhroforÐec pou up�r-

qoun se k�je qrwmatik  sunist¸sa thc eikìnac parousi�zoun susqètish metaxÔ touc kai epo-
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mènwc up�rqei pleonasmìc plhroforÐac pou aux�nei thn poluplokìthta tou algorÐjmou. To

st�dio autì prospajeÐ na exaleÐyei ton pleonasmì autì metaxÔ twn sunistws¸n. Sthn prag-

matikìthta, bèbaia, o algìrijmoc kwdikopoÐhshc den antilamb�netai tic sunist¸sec akrib¸c wc

qrwmatikèc apoqr¸seic thc eikìnac. Par'ìla aut�, epeid  orÐzetai ènac metasqhmatsmìc gia

tic treic pr¸tec sunist¸sec (pou mporoÔn na susqetistoÔn gia par�deigma me tic sunist¸sec

R,G kai B), h f�sh aut  onom�zetai multicomponent transformation. To JPEG2000 Part 1

uposthrÐzei dÔo diaforetikoÔc metasqhmatismoÔc: ton anastrèyimo metasqhmatismì (RCT -

reversible color transform) kai ton mh-anastrèyimo metasqhmatismì (ICT - irreversible color

transform). O metasqhmatismìc RCT mporeÐ na qrhsimopoihjeÐ tìso gia lossless ìso kai

gia lossy sumpÐesh eikìnwn, en¸ o metasqhmatismìc ICT mìno gia lossy sumpÐesh eikìnwn.

Perissìterec plhroforÐec parak�tw.

RCT: Prìkeitai gia ton metasqhmatismì pou epitrèpei lossless kai lossy sumpÐesh ei-

kìnac. Me ton trìpo autì, h plhroforÐa gia thn apeikìnish twn pixels mporeÐ na anakthjeÐ

pl rwc. Par� to gegonìc ìti qrhsimopoieÐtai kurÐwc gia tic lossless efarmogèc, mporeÐ na

qrhsimopoihjeÐ kai stic peript¸seic pou h ap¸leia plhroforÐac den eÐnai shmantik , mìno pou

ta l�jh den eis�gwntai apì ton Ðdio ton RCT all� apì �llec diadikasÐec (b ma kb�ntishc

ktl). O eujÔc kai antÐstrofoc metasqhmatismìc RCT faÐnetai sto sq ma 2.2.

ICT: Prìkeitai gia ton metasqhmatismì pou epitrèpei mìno lossy sumpÐesh eikìnac.

Me ton trìpo autì, h plhroforÐa gia thn apeikìnish twn pixels den mporeÐ na anakthjeÐ

pl rwc. Ta l�jh sthn plhroforÐa eis�gwntai apì ton metasqhmatismì ICT qrhsimopoi¸n-

tac mh-akèraiouc suntelestèc san b�rh ston pÐnaka metasqhmatismoÔ, ìpwc faÐnetai kai sta

par�katw sq mata. O metasqhmatismìc ICT eÐnai parìmoioc me ton lumimance-chrominance

metasqhmatismì pou qrhsimopoieÐtai sto JPEG, ìpou oi suntelestèc Cb kai Cr mporoÔn na u-

podeigmatolhpthjoÔn gia na meiwjeÐ h plhroforÐa proc sumpÐesh, q�nontac plhroforÐa mìno

wc proc thn qrwmatik  apìqrwsh thc eikìnac. K�ti parìmoio gÐnetai kai sto JPEG2000,

q¸ric na gÐnetai ìmwc upodeigmatolhyÐa. O ICT faÐnetai sto sq ma 2.3.
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Sq ma 2.2: EujÔc kai antÐstrofoc metasqhmatismìc RCT

Sq ma 2.3: EujÔc kai antÐstrofoc metasqhmatismìc ICT
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Sq ma 2.4: Di�gramma kwdikopoiht  JPEG2000

SumpÐesh Eikìnac

Met� to proairetikì st�dio thc proepexergasÐac thc eikìnac, akoloujeÐ h f�sh thc sumpÐeshc

pou ousiastik� dhmiourgeÐ thn sumpiesmènh akoloujÐa dedomènwn. Ta basik� b mata pou

akoloujoÔntai faÐnontai sto di�gramma 2.4 en¸ h diadrom  twn dedomènwn mèsa apì to st�dio

thc sumpÐeshc faÐnontai sto sq ma 2.5. 'Opwc faÐnetai sto sq ma, k�je proepexergasmènh

sunist¸sa sumpièzetai kai apostèlletai anex�rthta apì tic upìloipec.

H f�sh thc sumpÐeshc qwrÐzetai basik� se 3 diadoqik� b mata: to b ma tou DWT (Dis-

crete Wavelet Transform), to b ma thc kb�ntishc kai tèloc to b ma tou entropy encoding.

Pio sugkekrimèna, k�je sunist¸sa pou èrqetai apì to st�dio thc proepexergasÐac, analÔetai

apì ton metasqhmatismì DWT se èna arijmì apì subbands, k�je èna apì ta opoÐa anafèretai

se diaforetik  an�lush thc eikìnac. K�je èna apo ta subbands, sthn sunèqeia, kbantÐzetai

apì to st�dio thc kb�ntishc sthn perÐptwsh kai mìno pou èqoume lossy sumpÐesh. To apotèle-

sma thc kb�ntishc qwrÐzetai se ènan arijmì apì mikrìtera isomegèjh tm mata thc eikìnac,

ektìc apì ekeÐna pou brÐskontai sta ìria thc eikìnac, ta onomazìmena code-blocks. Tupikì

mègejoc twn code-blocks eÐnai 32x32, 64x62   kai 128x128. Bèbaia, gia lìgouc mn mhc kai u-

pologistik c isqÔoc, protimoÔntai ta dÔo pr¸ta megèjh. Tèloc, k�je èna apì ta code-blocks

kwdikopoieÐtai xeqwrist� gia thn dhmiourgÐa thc sumpiesmènhc akoloujÐac. Pio analutik�,

perigr�foume ta st�dia aut� stic epìmenec upoenìthtec.
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Sq ma 2.5: Dataflow

Discrete Wavelet Transform (DWT): 'Opwc perigr�fhke perilhptik� parap�nw, to

st�dio tou metasqhmatismoÔ DWT analÔei thn eikìna se èna arijmì apì subbands, diafo-

retik c an�lushc to k�je èna se sqèsh me thn arqik  eikìna. Gia na gÐnei pio katanoht 

h diadikasÐa tou DWT, ja perigr�youme thn perÐptwsh tou disdi�statou metasqhmatismoÔ

DWT pou qrhsimopoieÐtai sthn perÐptws  mac kai faÐnetai sthn eikìna 2.6. O disdi�statoc

metasqhmatismìc DWT pragmatopoieÐtai efarmìzontac monodi�stato metasqhmatismì DWT

orizìntia kai k�jeta se k�je sunist¸sa thc eikìnac, ìpwc faÐnetai k sto sq ma. Sto pr¸to

st�dio thc an�lushc, dhmiourgoÔntai tèsseric subbands LL1, HL1, LH1 kai HH1. To LL1

apoteleÐ mÐa upodeigmatolhpthmènh èkdosh thc eikìnac tìso se orizìntio ìso kai se k�jeto

�xona se upodipl�sia an�lush en¸ ta upìloipa HL1, LH1, kai HH1 apeikonÐzoun thn plhro-

forÐa/leptomèreia pou qrei�zetai h upodipl�sia eikìna LL1 gia na gÐnei Ðdia me thn prwtìtuph

eikìna. To LL1 subband mporeÐ na analujeÐ se èna deÔtero epÐpedo se subbands LL2, HL2,

LH2, kai HH2. H diadikasÐa an�lushc me metasqhmatismì DWT mporeÐ na suneqisteÐ me ton



19

Ðdio trìpo gia ìsa st�dia an�lushc epijumoÔme all� sun jwc den kerdÐsoume tÐpota wc proc

thn sumpÐesh met� apì pènte st�dia an�lushc gia tic sunhjismènec eikìnec. To Part-1 èqei

orÐsei wc mègisto arijmì epitrepìmenwn analÔsewn tic 32.

Sq ma 2.6: Efarmog  tou DWT se dÔo diast�seic

Kb�ntish: Met� thn f�sh tou metasqhmatismoÔ kai gia thn perÐptwsh thc lossy sumpÐeshc,

ta subbands kbantÐzontai me skopì na meiwjeÐ h posìthta thc plhroforÐac kai na epiteuqjeÐ

ìso to dunatìn megalÔterh sumpÐesh. To st�dio thc kb�ntishc eÐnai ènac apì touc kÔriouc

lìgouc ap¸leiac plhroforÐac ston kwdikopoiht . Entonìterh kb�ntish prokaleÐ megalÔterh

ap¸leia plhroforÐac kai �ra qeirìterh poiìthta sth telik  eikìna all� kai èqei san apotèle-

sma megalÔterh sumpÐesh (gia tic peript¸seic pou to mègejoc tou arqeÐou eÐnai shmantikìc

par�gontac thc efarmog c). AntÐjeta, hpiìterh kb�ntish prokaleÐ megalÔtera arqeÐa eikìnac

me megalÔterh pistìthta kai poiìthta (gia tic peript¸seic pou h akrÐbeia thc apeikìnishc eÐnai

shmantikh - iatrikèc efarmogèc, ktl). Gia thn kb�ntish qrhsimopoieÐtai omoiìmorfh scalar

kb�ntish me �nekr � z¸nh. To prìtupo uposthrÐzei diaforetikì b ma kb�ntishc gia tic di-

�forec sunist¸sec kai gia ta di�fora subbands. 'Oloi oi upologismoÐ mèqri to st�dio thc
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kb�ntishc gÐnontai me arijmoÔc se morf  sumplhr¸matoc wc proc 2. Met� to st�dio thc kb�n-

tishc, oi kbantismènoi suntelestèc tou metasqhmatismoÔ DWT metatrèpontai se akeraÐouc,

oi opoÐoi ja epexergastoÔn bit proc bit apì to st�dio kwdikopoÐhshc.

DhmiourgÐa AkoloujÐac Dedomènwn

To apotèlesma thc prohgoÔmenhc diadikasÐac eÐnai mÐa sullog  apì subbands ta opoÐa ana-

paristoÔn diaforetikèc analÔseic thc eikìnac kai perièqoun thn plhroforÐa pou qrei�zetai

gia thn met�bash apì mÐa an�lush se mÐa megalÔterh. Mia subband eÐnai èna sÔnolo sun-

telest¸n - pragmatik¸n arijm¸n pou anaparistoÔn thn eikìna se sugkekrimènh suqnìthta

kai se sugkekrimènh an�lush. Ta kbantismèna subbands qwrÐzontai peraitèrw se precincts,

orjog¸niec perioqèc sto pedÐo tou wavelet. Ta precincts dialègontai me tètoio trìpo ¸ste oi

suntelestèc touc egkarsÐwc ìlwn twn subbands na sqhmatÐzoun proseggistik� blocks qwri-

k� susqetismèna metaxÔ touc wc proc thn apeikìnish thc eikìnac, qwrÐc na eÐnai upoqrewtikì.

Ta precincts qwrÐzontai peraitèrw sta legìmena code-blocks. Ta code-blocks aforoÔn mÐa

subband kai èqoun Ðsa megèjh ektìc apì aut� pou brÐskontai sta �kra thc eikìnac. O kwdiko-

poiht c prèpei na kwdikopoi sei ta bits ìlwn twn kbantismènwn suntelest¸n tou code-block,

xekin¸ntac apì ta pio shmantik� bits kai proqwr¸ntac proc ta ligìtera shmantik�, qrhsi-

mopoi¸ntac thn kwdikopoÐhsh EBCOT. Sthn diadikasÐa EBCOT (Embedded Block Coding

with Optimal Truncation), k�je bit-plane twn code-blocks kwdikopoieÐtai se trÐa b mata:

arqik� kwdikopoioÔntai bits twn mh-shmantik¸n suntelest¸n pou èqoun shmantikoÔc geÐtonec

(gia par�deigma, me tim  1 sta bits twn shmantik¸n bit-planes), sthn sunèqeia kwdikopoio-

Ôntai ta bits beltistopoÐhshc twn shmantik¸n suntelest¸n kai tèloc oi suntelestèc qwrÐc

shmantikoÔc geÐtonec. Ta trÐa aut� b mata onom�zontai Significance Propagation, Magnitude

Refinement kai Cleanup Pass, antÐstoiqa.

Sthn perÐptwsh thc lossless sumpÐeshc, ìla ta bit-planes prèpei na kwdikopoihjoÔn apì

ton EBCOT, qwrÐc ap¸leia plhroforÐac.

To apotèlesma thc parap�nw diadikasÐac kwdikopoieÐtai peraitèrw apì èna duadikì arij-

mhtikì kwdikopoiht , ton MQ-coder. To perieqìmeno k�je suntelest  diamorf¸netai apì

thn kat�stash kajenìc apì touc enni� geÐtonec tou codeblocks. H èxodoc tou MQ-coder
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qwrÐzetai se pakèta ìpou k�je pakèto perièqei plhroforÐec twn codeblocks apì ta precincts

se mÐa anex�rthth mon�da. H idiìthta aut  apoteleÐ to kleidÐ gia thn idiìthta tou scalability -

pakèta me ligìtero shmantik� bits mporoÔn na paraleifjoÔn gia na meiwjeÐ to mègejoc arqeÐou

all� tautìqrona na meiwjeÐ h poiìthta thc eikìnac. Ta pakèta apì ìla ta subbands sugken-

tr¸nontai se epÐpeda poiìthtac (layers). O trìpoc me ton opoÐo ta pakèta omadopoioÔntai den

orÐzetai apìluta apì to prìtupo JPEG2000, all� genik� oi kwdikopoihtèc organ¸noun ta

layers me trìpo ¸ste h poiìthta thc eikìnac na aux�netai monotonik� me thn prosj kh oloèna

perissìterwn layers.

'Ola ta par�panw apoteloÔn mÐa perilhptik  perigraf  thc diadikasÐac kwdikopoÐhshc ei-

kìnwn kat� to prìtupo JPEG2000 apì ta opoÐa sumperaÐnoume eÐnai ta ex c: H org�nwsh

twn pakètwn prosdÐdei elastikìthta ston trìpo me ton opoÐo kwdikopoihmènec eikìnec mpo-

roÔn na apostalloÔn se diìdouc epikoinwnÐac kai dÐktua. Apì thn �llh, faÐnetai h auxhmènh

poluplokìthta tou algorÐjmou gegonìc pou duskoleÔei tic efarmogèc pou eÐnai euaÐsjhtec

se kajustèrhseic, ìpwc real-time efarmogèc.

2.2.4 Dom  arqeÐwn JPEG2000

'Opwc k�je �llo prìtupo eikìnac kai video, to prìtupo JPEG2000 orÐzei thn sÔntaxh twn

dedomènwn kai touc kanìnec touc opoÐouc prèpei na akoloujoÔn ta sumpiesmèna bits ¸ste ta

dedomèna na apokwdikopoioÔntai monadik� apì k�je sÔsthma sumbatì proc to prìtupo. H

sÔntaxh twn sumpiesmènwn arqeÐwn basÐzetai sto proairetikì format arqeÐwn pou prìteine h

epitrop  tou protÔpou JPEG2000 kai onom�zetai JP2.

Sthn sunèqeia, ja perigr�youme thn basik  org�nwsh (sÔntaxh kai kanìnec) pou prèpei

na akoloujeÐtai gia sumbatìthta me to Part-1 tou JPEG2000. H sÔntaxh twn dedomènwn

parèqei ìlec tic plhroforÐec pou qrei�zontai gia thn apokwdikopoÐhsh twn arqeÐwn sthn

pleur� tou dèkth kai proteÐnei ton trìpo me ton opoÐo oi efarmogèc mporoÔn na enjulak¸noun

th sumpiesmènh akoloujÐa [1].
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SÔntaxh kai Kanìnec

Basik� qarakthristik� thc sÔntaxhc apoteloÔn oi eidikèc akoloujÐec bits pou shmatodotoÔn

thn ènarxh kai l xh sugkekrimènou mèrouc thc akoloujÐac twn bits, to opoÐo eÐte perièqei

dedomèna tou arqeÐou eÐte dÐnei plhroforÐec gia to arqeÐo ìpwc mègejoc eikìnac, arijmìc

sunistws¸n, mègejoc tile, mègejoc code-blocks, mègejoc precinct, b ma kb�ntishc, arijmìc

analÔsewn thc eikìnac ktl. Oi eidikèc autèc akoloujÐec nom�zona markers en¸ oi akoloujÐec

bits metaxÔ twn markers onom�zontai marker segments. Sullog  enìc sugkekrimènou arijmoÔ

markers kai marker segments apoteleÐ mÐa kefalÐda thc eikìnac. Up�rqoun dÔo eÐdh kefalÐdwn

pou mporoÔn na parathrhjoÔn se èna JPEG2000 codestream:

1. Basik  kefalÐda: H basik  kefalÐda brÐsketai sthn arq  tou arqeiou JP2. To tèloc thc

kefalÐdac aut c shmatodoteÐ thn arq  twn dedomènwn kai perièqei genikèc plhroforÐec

gia to sumpiesmèno arqeÐo.

2. KefalÐda tile: Prìkeitai gia thn kefalÐda pou prohgeÐtai twn dedomènwn k�je tile tou

sumpiesmènou arqeÐou. ShmatodoteÐ thn ènarxh twn dedomènwn twn tiles kai perilamb�nei

plhroforÐec gia to sugkekrimèno tile.

K�je marker èqei m koc 2 bytes. To pr¸to byte èqei p�nta thn tim  0xFF kai to deÔtero

tim  pou kumaÐnetai metaxÔ 0x01 kai 0xFE. SÔmfwna me ton orismì tou JPEG2000, up�rqoun

èxi tÔpoi marker segments oi opoÐo perigr�fontai parak�tw:

1. Marker segments oriojèthshc: qrhsimopoioÔntai gia thn oriojèthsh metaxÔ kefalÐdwn

kai dedomènwn.

2. Marker segments sugkekrimènhc plhroforÐac: prìkeitai gia marker segments pou pe-

rièqoun plhroforÐec gia thn kwdikopoihmènh eikìna. Gia par�deigma, èna apì aut� eÐnai

to SIZ pou perièqei to mègejoc tou arqeÐou.

3. Marker segments diadikasÐac: perigr�fei ton trìpo kwdikopoÐhshc sugkekrimènwn tmh-

m�twn tou sumpiesmènou arqeÐou. Gia par�deigma, to marker segment COD deiktodoteÐ

ìti qrhsimopoi jhke o ex�orismoÔ trìpoc kwdikopoÐhshc.

4. Marker segments deiktodìthshc: leitourgoÔn san deÐktec sthn akoloujÐa twn bits.

EÐnai proairetikoÐ kai mporoÔn na qrhsimopoihjoÔn gia eÔresh megèjouc apì thn arq 

thc akoloujÐac mèqri to shmeÐo tou deÐkth.
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5. Marker segments plhrofìrhshc: parèqoun epiplèon plhroforÐec gia thn eikìna pou

mporoÔn na prostejoÔn kai apì to qr sth, ìpwc sqìlia.

'Ena par�deigma marker segment faÐnetai sthn par�katw eikìna 2.7. Oi perigrafèc twn

kuriìterwn marker segments faÐnontai sthn eikìna 2.8.

Sq ma 2.7: Par�deigma marker segment

Orismìc kefalÐdac

H basik  kefalÐda, ìpwc faÐnetai sthn eikìna 2.9, apoteleÐtai apì segments gnwst� kai wc

marker segments basik c kefalÐdac. K�poia apì aut� eÐnai aparaÐthta kai �lla proairetik�.

Gia par�deigma, ta SOC kai SIZ prèpei na topojetoÔntai wc pr¸to kai deÔtero marker segment

upoqrewtik� en¸ to PLT eÐnai proairetikì. Ta marker segments thc basik c kefalÐdac

perigr�fontai sthn eikìna 2.10.

AntÐstoiqa, o header twn tiles perièqei sugkekrimèna marker segments, k�poia apì ta

opoÐa eÐnai upoqrewtik� kai �lla proairetik�. Perigraf  twn tile marker segments faÐnetai

sthn eikìna 2.11 en¸ h jèsh tou tile header sthn akoloujÐa dedomènwn faÐnetai sthn eikìna

2.9.

JP2 Format

An kai to di�gramma sthn eikìna 2.9 apoteleÐ mÐa sumbat  sÔntaxh arqeÐou JPEG2000, h epi-

trop  tou JPEG2000 èqei proteÐnei èna format pou basÐzetai sthn sÔntaxh pou perigr�yame,
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Sq ma 2.8: Perigrafèc twn kuriìterwn marker segments

to onomazìmeno JP2. Jemeli¸dec stoiqeÐo tou format JP2 onom�zetai box pou enjulak¸nei

di�fora stoiqeÐa thc parap�nw sÔntaxhc ìpwc dedomèna, idiìthtec thc eikìnac ktl. H eikìna

2.12 perigr�fei ton orismì twn boxes. 'Eqontac san b�sh to box, èna JP2 arqeÐo organ¸netai

san mÐa akoloujÐa apì boxes. K�poia apì aut� eÐnai upoqrewtik�, en¸ �lla eÐnai proairetik�

an�loga me tic idiìthtec pou epijumoÔme na èqei h sumpiesmènh eikìna. H Ðdia eikìna parousi-

�zei mÐa optik  thc org�nwshc twn upoqrewtik¸n boxes enìc JP2 arqeÐou. To JP2 Signature

Box prèpei na brÐsketai pr¸to sthn akoloujÐa akoloujoÔmeno apo to Profile Box. To JP2

Header Box mporeÐ na perièqei �lla boxes, ìpwc ta Image Header Box kai Color Specification

Box. Tèloc, akoloujeÐ to Contiguous Code-stream Box pou perièqei kai ta dedomèna proc

apokwdikopoÐhsh.
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Sq ma 2.9: Org�nwsh akoloujÐac JP2
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Sq ma 2.10: Marker segments basik c kefalÐdac

Sq ma 2.11: Marker segments kefalÐdac tile
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Sq ma 2.12: Perigraf  boxes
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2.2.5 'Alla qarakthristik� tou protÔpou JPEG2000

Region Of Interest - ROI

H idiìthta tou Region Of Interest eÐnai monadikì qarakthristikì tou JPEG2000. Epitrèpei

diaforetikèc perioqèc thc eikìnac na kwdikopoioÔntai me diaforetik� krit ria pistìthtac. Oi

perioqèc autèc mporeÐ na èqoun aujaÐreta sq mata kai megèjh kai mporeÐ na eÐnai teleÐwc a-

nex�rthtec metaxÔ touc. 'Ena par�deigma qr shc tou ROI, faÐnetai sthn eikìna 2.13. Sthn

eikìna aut , h perioq  thc zèbrac kwdikopoieÐtai qwrÐc l�jh sumpÐeshc en¸ h upìloiph eikìna,

pou èqei kai mikrìtero plhroforiakì endiafèron, kwdikopoieÐtai me l�jh. H apokwdikopoih-

mènh eikìna ston dèkth faÐnetai sthn eikìna 2.13a. Gia na katal�boume genik� thn diadikasÐa

ROI, sthn eikìna 2.13b apeikonÐzoume thn diafor� metaxÔ thc prwtìtuphc eikìnac kai thc

eikìnac met� thn efarmog  tou ROI.

H mèjodoc pou qrhsimopoieÐtai gia thn efarmog  tou ROI onom�zetai MAXSHIFT. H

basik  idèa eÐnai h metatìpish se uyhlìtera bit-planes twn bits thc shmantik c perioq c ètsi

¸ste ta ROI bit-planes na kwdikopoioÔntai kai na metadÐdontai stadiak� prin kwdikopoihjoÔn

kai apostalloÔn ta bit-planes twn mh-shmantik¸n periq¸n. Autì faÐnetai kai sto di�gramma

thc eikìnac 2.14. San apotèlesma, kat� thn di�rkeia thc apokwdikopoÐhshc, ta pio shman-

tik� bit-planes tou ROI apokwdikopoioÔntai prin ta bit-planes thc perioq c tou fìntou me

apotèlesma na dhmiourgeÐtai megalÔterh pistìthta kai poiìthta sthn shmantik  perioq . Me

thn efarmog  tou ROI, h diadikasÐa apokwdikopoÐhshc mporeÐ na stamat sei se opoiad pote

stigm  kai h perioq  tou ROI ja èqei perissìterh plhroforÐa kai megalÔterh eukrÐneia apì

tic mh-shmantikèc perioqèc [1].

Se genikèc grammèc, h mèjodoc èqei wc ex c: arqik� anazhtoÔntai oi el�qistec timèc thc

shmantik c perioq c kai oi mègistec timèc twn mh-shmantik¸n perioq¸n. Sthn sunèqeia, oi

wavelet suntelestèc thc ROI perioq c �anuy¸nontai� me tètoio trìpo ¸ste oi mikrìteroi

se tim  suntelestèc tou ROI na eÐnai megalÔteroi apì touc mègistouc suntelestèc twn mh-

shmantik¸n perioq¸n. Me ton trìpo autì, ta pr¸ta bit-planes pou kwdikopoioÔntai kai

apokwdikopoioÔntai eÐnai aut� twn shmantik¸n perioq¸n. Ston apokwdikopoiht , ta bits pou

diapist¸nontai ìti an koun se ROI perioq  epidèqontai epexergasÐa mèsw miac m�skac gia na

apokt soun thn pragmatik  touc tim .
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Sq ma 2.13: Par�deigma ROI

Sq ma 2.14: Grafik  anapar�stash thc mejìdou MAXSHIFT
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2.3 SÔgkrish JPEG2000 kai MJPEG2000 me �lla prìtupa eikìnac kai
video

2.3.1 Mètra SÔgkrishc

PSNR: To PSNR (Peak Signal to Noise Ratio) eÐnai to mètro pou ekfr�zei thn mègisth

tim  thc analogÐac metaxÔ thc enèrgeiac tou s matoc proc thn enèrgeia tou jorÔbou. Epeid 

oi timèc pou mporeÐ na p�rei aut  analogÐa èqei meg�lo dunamikì eÔroc, to PSNR ekfr�zetai

se logarijmik  klÐmaka. To PSNR apoteleÐ thn par�metro pou qrhsimopoieÐtai pagkosmÐwc

gia thn ektÐmhsh thc poiìthtac thc apokwdikopoÐhshc eikìnwn kai orÐzetai wc ex c:

PSNR = 10 · log10

(
MAX2

I

MSE

)
= 20 · log10

(
MAXI√

MSE

)
ìpou h posìthta MAX ekfr�zei thn mègisth tim  pou mporeÐ na p�rei èna pixel thc eikìnac

I en¸ to MSE ekfr�zei thn posìthta tou mean square error metaxÔ dÔo eikìnwn I kai K kai

orÐzetai wc ex c:

MSE =
1

mn

m−1∑
i=0

n−1∑
j=0

‖I(i, j)−K(i, j)‖2

2.3.2 SÔgkrish JPEG2000 me JPEG kai JPEG-LS

To prìtupo JPEG2000 èqei oloklhrwjeÐ apì to 2000. To prìtupo autì dhmiourg jhke

me skopì na antikatast sei (stadiak�) to prìtupo JPEG. 'Alla standards gia epexergasÐa

eikìnac èqoun epÐshc parousiasteÐ, ìpwc to JPEG-LS. Parak�tw gÐnetai mÐa sÔgkrish twn

dunatot twn kai qarakthristik¸n tou JPEG2000 se sqèsh me ta prìtupa JPEG kai JPEG-

LS. H melèth epikentr¸netai p�nw sthn sumperifor� twn protÔpwn se katast�seic sumpÐeshc

qwrÐc ap¸leia plhroforÐac, sumpÐeshc me ap¸leia plhroforÐac kai se kat�staseic laj¸n

kat� thn met�dosh. Par�llhla, gÐnetai mÐa anafor� sta qarakthristik� twn protÔpwn pou

parousi�zontai ([3],[4],[5],[6]).

Genik�

Prosp�jeiec èqoun gÐnei ¸ste to prìtupo JPEG2000 na eÐnai sumbatì kai kat�llhlo tìso me

tic twrinèc ìso kai tic mellontikèc efarmogèc, parèqontac qarakthristik� kai dunatìthtec pou
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den up rqan sta prohgoÔmena prìtupa, ìpwc epÐshc parèqontac lÔseic se qarakthristik� pou

uposthrÐzontai apì ta twrin� epikratèstera prìtupa. H er¸thsh pou prokÔptei einai to kat�

pìso ta èa qarakthristik� tu JPEG2000 uperkalÔptoun tic an�gkec epexergasÐac eikìnac se

sqèsh me ta �lla prìtupa.

Perigraf  �llwn protÔpwn kwdikopoÐhshc eikìnwn

Gia touc skopoÔc thc melèthc, sugkrÐnoume to prìtupo kwdikopoÐhshc JPEG2000 me ta ex c

prìtupa: JPEG kai JPEG-LS. To JPEG eÐnai to dhmofilèstero prìtupo kwdikopoÐhshc ei-

kìnac kai brÐskei efarmog  se poikilÐa efarmog¸n, apo diadiktuakèc efarmogèc mèqri yhfiak 

fwtografÐa. To JPEG-LS eÐnai èna sqetik� prìsfato prìtupo pou èqei arqÐsei na emfanÐze-

tai se arketèc efarmogèc. EÐnai logikì na sugkrÐnoume ta qarakthristik� tou JPEG2000 ìqi

mìno se sqèsh me to paliìtero JPEG all� kai me tic prìsfatec ulopoi seic, ìpwc aut  tou

JPEG-LS.

An kai to JPEG2000 uposthrÐzei kwdikopoÐhsh duadik¸n kai ègqrwmwn eikìnwn, perio-

rÐzoume thn melèth se eikìnec suneqoÔc qr¸matoc, afoÔ eÐnai h pio sunhjismènh morf  gia

eikìnec. 'Alla prìtupa kwdikopoÐhshc duadik¸n eikìnwn eÐnai to JBIG kai to JBIG2. An

kai aut� ta prìtupa apodÐdoun polÔ kal� se duadikèc eikìnec, den uposthrÐzoun apodotik 

kwdikopoÐhsh eikìnwn suneqoÔc qr¸matoc. Epomènwc, ta prìtupa aut� apokleÐontai apì thn

melèth.

JPEG: Prìkeitai gia to gnwstì ISO/ITU-T prìtupo pou dhmiourg jhke sto tèloc thc

dekaetÐac tou '80. Up�rqoun di�fora modes pou èqoun oristeÐ gia to JPEG, ìpwc baseline,

lossless, progressive kai hierachical. To baseline eÐnai to pio di�shmo kai uposthrÐzei mìno

lossy kwdikopoÐhsh. BasÐzetai se 8x8 DCT, zig-zag scanning, uniform scalar quantization

kai Huffman coding. To lossless mode den eÐnai idiaÐtera dhmofilèc all� prosfèrei sumpÐe-

sh qwrÐc ap¸leia plhroforÐac. BasÐzetai p�nw se predictive scheme kai Huffman coding.

Ja prèpei na shmeiwjeÐ ìti ta modes lossy kai lossless basÐzontai se teleÐwc diaforetikoÔc

algìrijmouc ulopoÐhshc. Ta modes progressive kai hierarchical eÐnai kai ta dÔo lossy kai

diafèroun mìno sto trìpo kwdikopoÐhshc kai upologismoÔ twn DCT suntelest¸n, se sqèsh

me to baseline mode.
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JPEG-LS: To JPEG-LS eÐnai to teleutaÐo ISO/ITU-T prìtupo gia lossless kwdikopo-

Ðhsh eikìnwn kai parèqei dunatìthta ’near-lossless’ kwdikopoÐhshc. To Part-I basÐzetai se

adaptive prediction, context modelling kai Golomb coding. To Part-II eis�gei epekt�seic

ìpwc arithmetic coder ktl. O algìrijmoc èqei sqediasteÐ gia low-complexity apodìseic kai

uyhl  sumpÐesh tautìqrona. Par'ìla aut�, den parèqei scalability, error resilience kai �llec

leitourgÐec pou parèqei to JPEG2000.

SÔgkrish

'Enac apì touc kÔriouc stìqouc twn kwdikopoi sewn eÐnai h apìdosh aut¸n wc proc thn sum-

pÐesh, to opoÐo apoteleÐ mÐa apì tic proteraiìthtec ston sqediasmì proiìntwn eikìnac. Sthn

sÔgkrish aut , anafèroume apotelèsmata apì lossless compression gia na ektim soume pìso

apodotik� kwdikopoioÔn oi algìrijmoi proc exètash di�forouc tÔpouc eikìnwn kai se di�fora

modes (met�dosh se jorub¸dh kan�lia). H perÐptwsh thc lossy sumpÐeshc metaxÔ JPEG2000

kai JPEG, JPEG-LS den melet jhke kaj¸c ta ergaleÐa gia ta dÔo teleutaÐa den pareÐqan du-

natìthta orismoÔ tou bit-rate - sthn perÐptwsh aut  qrhsimopoi jhkan sumper�smata �llwn

melet¸n.

Gia tic prosomoi¸seic twn algorÐjmwn, èqoun qrhsimopoihjeÐ okt¸ eikìnec apo to stan-

dard test image set, oi opoÐec kalÔptoun di�forouc tÔpouc eikìnac. Oi eikìnec autèc èqoun

qrhsimopoihjeÐ se pollèc epÐshmec metr seic kai peir�mata gia sÔgkrish kwdikopoiht¸n ei-

kìnac me apotèlesma na mporoÔme na sugkrÐnoume apotelèsmata, tìso me antikeimenik� ìso

kai me upokeimenik� krit ria. Oi eikìnec pou èqoun epileqjeÐ anaparistoÔn fusikèc kai su-

nhjismènec parast�seic, kaj¸c autoÔ tou eÐdouc oi eikìnec parousi�zontai sthn pleioyhfÐa

twn efarmog¸n. Oi eikìnec eÐnai diast�sewn 512x512 kai 787x576, PPM format, 24-bits per

pixel b�joc qr¸matoc. Oi eikìnec eÐnai oi parak�tw:

• Baboon.ppm

• Lenna.ppm

• Tiffany.ppm

• Peppers.ppm

• Sailboat.ppm

• Zelda.ppm
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• Barbara.ppm

• Boats.ppm

Gia perissìterec plhroforÐec, parapèmpoume sto http://en.wikipedia.org/wiki/Standard-

test-image.

Oi software ulopoi seic twn prosomoi¸sewn eÐnai oi exhc:

JPEG2000

• JasPer

• JJ2000

• OpenJPEG

• JJ2000

JPEG-LS

• HP LOCO Implementation

JPEG

• The Independent JPEG Group JPEG Implementation

• Lossless JPEG Codec of Cornell University

Lossless sumpÐesh: Ston pÐnaka 2.1 parousi�zontai omadopoihmèna ta apotelèsmata thc

prosomoÐwshc gia lossless sumpÐesh twn eikìnwn gia touc kwdikopoihtèc twn JPEG, JPEG-

LS kai JPEG2000 protÔpwn. Apì ton pÐnaka autìn, parathroÔme ìti sth pleioyhfÐa twn

peript¸sewn, thn kalÔterh epÐdosh wc proc to qarakthristikì thc sumpÐeshc thn èqoun oi

codecs tou JPEG-LS, ektìc apì thn perÐptwsh tou Kakadu pou prìkeitai gia emporik  diano-

m . Prèpei na tonÐsoume ìti to JPEG-LS parousi�zei kal  epÐdosh stic mikrèc eikìnec. 'Oso

aux�netai to mègejoc thc eikìnac, to JPEG-LS den ekmetalleÔtai thn topik  sqetikìthta me-

g�lwn perioq¸n twn eikìnwn kai ètsi eÐnai ligìtero apodotikì se sqèsh me to JPEG2000. Se

ìlec tic peript¸seic, ìmwc, to JPEG-LS èqei kajarì pleonèkthma wc proc thn katan�lwsh u-

pologistik c isqÔoc kai mn mhc. To prìtupo JPEG 2000, genik�, parousi�zei antagwnistikèc

epidìseic me to prìsjeto qarakthristikì tou scalability.
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PÐnakac 2.1: Lossless SumpÐesh

Eikìnec JPEG JasPer JJ2000 Kakadu OpenJPEG HP-LOCO JPEGCornell

Baboon 1.7066 1.3273 1.9450 1.5246 1.3272 1.5963 1.2298

Barbara 1.5669 2.0670 2.7010 2.9564 2.0670 2.0234 1.4935

Boats 1.9877 2.2917 2.0033 3.4896 2.2916 2.1650 1.7751

Lena 1.6714 1.7665 1.5810 2.2993 1.7663 1.9642 1.6239

Tiffany 1.6743 1.7368 1.5953 2.3143 1.7366 2.1737 1.8113

Peppers 1.8918 2.6444 2.5740 4.8600 2.6441 2.4309 2.0579

Sailboat 1.1113 1.4986 1.5189 1.8505 1.4985 1.7290 1.4137

Zelda 1.1758 2.2915 2.2443 3.4807 2.2914 2.1583 1.8643

Mèsh Tim  1.5985 1.9530 2.0206 2.8469 1.9528 2.0301 1.6587

Apì thn �llh, parathroÔme ìti sthn perÐptwsh tou JPEG (me epilog  gia best quality)

kai tou L-JPEG (Lossless JPEG) èqoume thn qeirìterh epÐdosh se sqèsh me tic upìlopec

ulopoi seic. Apì ta parap�nw faÐnetai ìti to prìtupo JPEG2000 deÐqnei na apodÐdei sqetik�

antagwnistik� se sqèsh me ta �lla prìtupa gia mÐa meg�lh poikilÐa eid¸n eikìnwn gia thn

perÐptwsh tou lossless compression.

Error resilience: Gia na ektim soume thn ikanìthta twn ulopoi sewn pou èqoume gia error

resilience, prosomoi¸noume èna kan�li met�doshc pou prosjètei tuqaÐa l�jh sthn akoloujÐa

kai ektimoÔme thn mèsh poiìthta thc eikìnac, met� apì aposumpÐesh. Ston pÐnaka 2.2, faÐnon-

tai ta apotelèsmata thc prosomoÐwshc thc ulopoi shc JPEG2000, Kakadu, kai ekeÐnhc tou

JPEG se jorub¸dec kan�li BSC (ektimoÔme ìti to JPEG-LS parousi�zei thn Ðdia epÐdosh

me to JPEG se jèmata anoq c laj¸n kai den melet jhke ed¸). O trìpoc me ton opoÐo to

JPEG2000 antimetwpÐzei thn parousÐa laj¸n sthn akoloujÐa eÐnai o ex c: mìlic diapistw-

jeÐ èna l�joc se sugkekrimèno block sugkekrimènou layer, den apokwdikopoieÐ dedomèna pou

lamb�nontai sthn sunèqeia gia to sugkekrimèno block, apofeÔgontac ètsi upob�jmish thc
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PÐnakac 2.2: Error Resilience - SÔkrish JPEG2000 kai JPEG

BER JPEG2000 JPEG

0 Inf Inf

3x10e-6 54.053 38.6408

3x10e-5 39.042 25.668

3x10e-4 23.936 17.473

1x10e-3 18.156 14.404

3x10e-3 14.352 10.455

Sq ma 2.15: Mètrhsh PSNR gia JPEG2000 kai JPEG se di�fora BERs
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poiìthtac thc eikìnac apì lanjasmèna dedomèna.

Apì tic metr seic diapist¸noume ìti gia sqetik� qamhl� BERs, to JPEG2000 uperisqÔei

tou JPEG kat� polÔ. 'Omwc, ìso aux�netai h pijanìthta l�jouc, tìso mei¸netai h epÐdosh

tou JPEG2000. AntÐjeta, to JPEG parousi�zei qeirìterh epÐdosh, gia ìlec tic timèc tou

BER. Aut� faÐnontai kai sthn eikìna 2.15 (h morf  tou diagr�mmatoc ofeÐletai se èlleiyh

ikanopoihtikoÔ arijmoÔ epanal yewn thc prosomoÐwshc). Prèpei na tonÐsoume ìti stic peri-

pt¸seic pou diapist¸jhkan l�jh se kefalÐdec thc eikìnac, h apokwdikopoÐhsh  tan adÔnath

kai gi�autì ènac shmantikìc arijmìc epanal yewn odhgoÔse se adunamÐa apokwdikopoÐhshc.

H prostasÐa twn kefalÐdwn apì l�jh melet�tai sto prìtupo JPWL se epìmenh enìthta.

PÐnakac 2.3: PÐnakac leitourgikìthtac protÔpwn

LeitourgÐa JPEG JPEG-LS JPEG2000

Lossless Performance + ++++ +++

Lossy Performance +++ + +++++

Progressive Bitstreams - - +++++

ROI coding - - +++

Arbitrary Objects - - -

Random Access - - ++

Low Complexity +++++ +++++ ++

Error Resilience ++ ++ +++

Non-iter. Rate Control - - +++

Genericity ++ +++ +++

Leitourgikìthta

O pÐnakac 2.3 sugkentr¸nei ta apotelèsmata thc sÔgkrishc mazÐ me k�poia �lla apotelèsmata

apì �llec metr seic pou èginan se sqetikèc èreunc. O pÐnakac deÐqei olok�jara ìti to prìtupo

JPEG2000 prosfèrei thn pio ploÔsia sullog  apì qarakthristik� me apodotikì trìpo kai
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mèsa se èna oloklhrwmèno algìrijmo. An kai ston pÐnaka perigr�fontai arket� analutik� ta

di�fora pedÐa, axÐzei na anaferjoÔme se k�poia apì aut�.

To JPEG2000 dhmiourgeÐ akoloujÐec dedomènwn ¸ste na eÐnai epexerg�simec me ton pio

eÔkolo trìpo. Parèqei thn dunatìthta gia prìsbash se opoiod pote shmeÐo sta dedomèna me

apotèlesma na eÐnai dunat  h apokwdikopoÐhsh mèrouc thc eikìnac qwrÐc na eÐnai aparaÐthth

h apokwdikopoÐhsh ìlhc thc eikìnac. Ta dÔo aut� qarakthristik�, mazÐ me thn idiìthta tou

ROI eÐnai polÔ qr sima gia efarmogèc ìpwc Internet imaging, yhfiakèc biblioj kec, asÔrmath

met�dosh ktl.

2.3.3 SÔgkrish Ulopoi sewn tou ProtÔpou JPEG2000

Sthn enìthta aut , gÐnetai parousÐash twn kuriìterwn ulopoi sewn tou JPEG2000. Ton te-

leutaÐo kairì èqoun parousiasteÐ pollèc open source kai emporikèc ulopoi seic JPEG2000,

metaxÔ twn opoÐwn Kakadu, OpenJPEG, JJ2000, Jasper ktl. 'Olec oi ulopoi seic parousi-

�zoun diaforetik� kai endiafèronta qarakthristik�, ìpwc epis c kai elleÐyeic, me apotèlesma

na eÐnai dÔskolh h epilog  enìc encoder/decoder. To parak�tw keÐmeno prospajeÐ na xeka-

jarÐsei lÐgo to topÐo ston q¸ro twn JPEG2000 kwdikopoiht¸n ([7],[8],[9],[10],[11],[12],[13]).

Kakadu

Perigraf : To sÔsthma Kakadu eÐnai mia beltistopoihmènh kai eÔkolh se qr sh ulopoÐh-

sh tou protÔpou JPEG2000. ApoteleÐ mÐa pl rh ulopoÐhsh tou protÔpou JPEG 2000 Part 1.

To Kakadu parèqei mÐa seir� apì endiafèronta qarakthristik� tou JPEG2000, sumperilamba-

nomènou twn ROI, scalability, ktl. Prìkeitai gia èna framework pou mporeÐ na qrhsimopoihjeÐ

se meg�lh gk�ma emporik¸n kai mh-emporik¸n efarmog¸n.

Paratr seic: Ja prèpei na tonisteÐ ìti to Kakadu apoteleÐ emporik  efarmog  kai den

parèqetai o phgaÐoc k¸dikac met� thn agor� tou licence.

Jasper

Perigraf : To JasPer Project apoteleÐ mia open-source prwtoboulÐa me skopì na dh-

miourghjeÐ mia eleÔjerh ulopoÐhsh anafor�c enìc kwdikopoiht  JPEG2000 Part-1. To JasPer
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perilamb�netai sto Part-5 tou protÔpou JPEG2000 pou èqei orÐsei tic epÐshmec ulopoi seic

anafor�c tou JPEG2000 codec Part-1. H ulopoÐhsh JasPer èqei gÐnei se gl¸ssa C.

Parathr sei:

• ApoteleÐ mèroc tou Part-5 tou protÔpou JPEG2000.

• ApoteleÐ open-source project pou shmaÐnei ìti o phgaÐoc k¸dikac eÐnai elèujeroc proc

qr sh. Autì epitrèpei thn melèth tou JPEG2000 me allag  diafìrwn paramètrwn kat�

thn prosomoÐwsh.

• EÐnai ulopoihmèno se gl¸ssa programmatismoÔ C, gegonìc poÔ èqei jetik  epÐdrash

sthn taqÔthta leitourgÐac tou codec.

• O k¸dikac den eÐnai domhmènoc me ton kalÔtero dunatì trìpo � autì èqei san apotèlesma

thn dÔskolh an�gnws  tou kai peraitèrw metatrop  tou.

• Den up�rqei epÐshmo documentation gia thn sugkekrimènh ulopoÐhsh me apotèlesma na

eÐnai dÔskolh h melèth tou k¸dika.

• Den up�rqei upost rixh gia motion JPEG2000 arqeÐa � den eÐnai gn¸sto an up�rqei

skèyh gia mia ulopoÐhsh proc aut n thn kateÔjunsh.

OpenJPEG

Perigraf : H OpenJPEG biblioj kh apoteleÐ mÐa open-source ulopoÐhsh tou JPEG2000

kwdikopoiht  se gl¸ssa C. Pèra apì thn basik  ulopoÐhsh tou kwdikopoiht , h biblioj kh

perilamb�nei kai �lla qarakthristik� pou brÐskontai upì an�ptuxh, ìpwc h upost rixh twn

JP2 kai MJ2 tÔpwn arqeÐwn, an�ptuxh ergaleÐou gia to JPIP prwtìkollo, ergaleÐa gia

upost rixh protÔpou JPWL ènac Java viewer gia j2k-images, ktl.

Parathr seic:

• Parousi�zei ta Ðdia pleonekt mata pou parousi�sthkan gia to JasPer (open-source, C

implementation, ktl.).

• Den apoteleÐ mèroc tou Part-5 tou protÔpou JPEG2000 � par'ìla aut� parousi�zei

perissìterec leitourgÐec gegonìc pou kalÔptei autì to meionèkthma.

• UposthrÐzei arqeia video MJ2 � ètsi, gÐnetai dunat  h epexergasÐa video.
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• EÐnai h mình ulopoÐhsh pou uposthrÐzei ergaleÐa JPWL gia error-resilience.

• Up�rqei epÐshmo documentation gia thn sugkekrimènh ulopoÐhsh me apotèlesma na eÐnai

sqetik� eÔkolh h melèth tou k¸dika.

JJ2000

Perigraf : To JJ2000 apoteleÐ thn Java ulopoÐhsh tou JPEG2000 protÔpou. Pio sug-

kekrimèna, ulopoieÐ ton pur na tou sust matoc Part-1, ìpwc autì perigr�fetai sto ISO/IEC

15444-1. An kai sthn epÐshmh ekdoq  tou protÔpou anafèretai mìno h diadikasÐa thc apokw-

dikopoÐhshc, to JJ2000 ulopoieÐ èna encoder gia praktikèc efarmogèc.

Parathr seic:

• Parousi�zei ta Ðdia pleonekt mata pou parousi�sthkan gia to JasPer, OpenJPEG

(open-source).

• H mình ulopoÐhsh se Java � ètsi parousi�zei thn metafersimìthta k¸dika kai anexar-

thsÐa sust matoc.

• ApoteleÐ mèroc tou Part-5 tou protÔpou JPEG2000.

• Den uposthrÐzei arqeia video MJ2, JPWL tools � ètsi, den eÐnai dunat  h epexergasÐa

video kai den up�rqei ulopoÐhsh tou protÔpou gia asÔrmata kan�lia.

• Up�rqei epÐshmo documentation gia thn sugkekrimènh ulopoÐhsh me apotèlesma na eÐnai

sqetik� eÔkolh h melèth tou k¸dika.

SÔgkrish ulopoi sewn JPEG2000

Lossless SumpÐesh: Ta apotelèsmata gia th lossless sumpÐesh èqoun anaferjeÐ sthn proh-

goÔmenh enìthta (pÐnakac 2.1) ìpou parathroÔme ìti h ulopoÐhsh tou Kakadu apodÐdei polÔ

kal�. AkoloujeÐ h ulopoÐhsh tou JJ2000, h opoÐa ìmwc eÐnai polÔ pio arg  se sqèsh me thn

Kakadu (Ðswc autì eÐnai kai to kÔrio meionèkthma thc Java ulopoÐhshc). Tèloc, me para-

pl siec epidìseic akoloujoÔn oi ulopoÐhseic twn OpenJPEG kai JasPer.
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Sq ma 2.16: Timèc PSNR gia ìlec tic eikìnec kai gia ìlouc touc algìrijmouc kwdikopoÐhshc
gia thn perÐptwsh thc lossy sumpÐeshc

Lossy SumpÐesh: Gia thn perÐptwsh thc lossy sumpÐeshc, ta apotelèsmata faÐnontai sthn

eikìna 2.16.

'Opwc faÐnetai apì to sq ma, h ulopoÐhsh JJ2000 parousÐazei aisjht� kalÔterh epÐdosh se

sqèsh me upìloipec ulopoi seic. Oi upìloipec treic èqoun Ðdiec epidìseic. AxÐzei na shmeiwjeÐ

ìti akìma kai h qeirìterh epÐdosh twn open source ulopoi sewn eÐnai antagwnistik  wc proc

ekeÐnh twn emporik¸n ulopoi sewn.

Error Resilience: Gia na ektim soume thn ikanìthta twn ulopoi sewn pou èqoume gia

error resilience, prosomoi¸noume èna BSC kan�li met�doshc pou prosjètei tuqaÐa l�jh sto

bitstream kai ektimoÔme thn mèsh poiìthta thc eikìnac, met� apì aposumpÐesh.

Ston pÐnaka 2.4, faÐnontai ta apotelèsmata thc prosomoÐwshc se jorub¸dec kan�li BSC

twn ulopoi sewn JPEG2000 thc melèthc: JasPer, JJ2000, Kakadu kai OpenJPEG. H pija-

nìthta lanjasmènhc apostol c bit mèsa apì to kan�li kumaÐnetai apo 3x10e-5 mèqri 3x10e-3.

Prin proqwr soume sthn an�lush twn apotelesm�twn, prèpei na tonÐsoume ìti meg�lo poso-

stì twn ektelèsewn tou k¸dika den teleÐwne me epituqÐa, kaj¸c lìgw alloÐwshc twn markers

tou codestrem, pollèc apo tic apokwdikopoi seic den  tan dunatèc. Apì ton pÐnaka, diapi-
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PÐnakac 2.4: SÔgkrish ulopoi sewn gia antoq  se l�jh

bpp Codec BER = 3x10e-5 BER = 3x10e-4 BER = 3x10e-3

JasPer 29.763 19.094 unable to decode

JJ2000 29.457 12.488 unable to decode
0.25

Kakadu 28.077 18.998 10.879

OpenJPEG 28.033 17.890 unable to decode

JasPer 30.027 19.246 10.024

JJ2000 24.697 5.6903 unable to decode
0.5

Kakadu 29.546 17.760 12.003

OpenJPEG 28.528 17.810 unable to decode

JasPer 29.621 19.646 11.198

JJ2000 21.984 12.040 unable to decode
1

Kakadu 29.420 19.310 13.405

OpenJPEG 29.428 18.348 unable to decode

JasPer 30.950 22.610 11.854

JJ2000 32.730 17.143 unable to decode
1.5

Kakadu 32.560 19.790 13.726

OpenJPEG 30.574 18.740 unable to decode

JasPer 31.174 21.400 12.996

JJ2000 26.650 unable to decode unable to decode
2

Kakadu 34.824 19.180 14.324

OpenJPEG 29.720 18.900 10.584
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st¸noume ìti, gia ìla ta epÐpeda BER kai (sqedìn) gia ìlec tic timèc bpp, thn kalÔterh

epÐdosh parousi�zei h ulopoÐhsh Jasper kai akoloujoÔn oi Kakadu, OpenJPEG kai JJ2000.

'Omwc, ìso aux�netai h pijanìthta l�jouc (BER), tìso mei¸nontai oi epidìseic twn codecs.

M�lista, diapist¸jhke ìti sthn pleioyhfÐa twn ektelèsewn gia BER = 0.003, h apokwdiko-

poÐhsh  tan anepituq c (unable to decode). Gia tic peript¸seic pou den tuqaÐnei na gÐnetai

alloÐwsh se basik� komm�tia tou codestrem, thn kalÔterh epÐdosh exakoloujeÐ na èqei to

Jasper. EpÐshc, diapist¸jhke apì to peÐrama ìti oi perissìterec anolokl rwtec apokw-

dikopoi seic parousÐasan oi ulopoi seic twn JJ2000 kai OpenJPEG - m�lista to JJ2000

parousÐase polÔ astaj  sumperifor� kai den proteÐnetai wc epilog  kwdikopoiht . AntÐjeta,

ta Kakadu kai Jasper odhgoÔntan se anepituq  apokwdikopoÐhsh me mikrìterh suqnìthta.

Sunoyzonac, mporoÔsame na anafèroume k�poia sumper�smata me upojèseic. Gia thn pe-

rÐptwsh pou èqoume qamhlì   mèso bpp kai qamhl� BER, h kalÔterh epilog  eÐnai aut  tou

Jasper. Gia thn perÐptwsh pou èqoume uyhlì bpp kai qamhlì BER, kalÔterh lÔsh eÐnai to

Kakadu. Gia thn perÐptwsh pou èqoume eÐte uyhlì bpp eÐte qamhlì bpp kai uyhlì BER, oi

kalÔterec lÔseic eÐnai aut  tou Kakadu (emfanÐzei megalÔterh anoq  sta l�jh).

2.3.4 EktÐmhsh Apìdoshc tou Motion-JPEG2000 se SÔgkrish me H.264/AVC MPEG-4

Part 10

Efarmogèc ìpwc epexergasÐa akoloujÐac eikìnwn gia iatrikèc efarmogèc   paragwg  epag-

gelmatik¸n videos apaitoÔn èna ergaleÐo epexergasÐac video, to opoÐo epitrèpei prìsbash

se opoiod pote frame thc akoloujÐac eikìnwn. To Motion-JPEG2000 apoteleÐ mÐa epèktash

tou protÔpou JPEG2000 kai, epomènwc, prosfèrei to parap�nw qarakthristikì, tautìqrona

me thn dunatìthta upost rixhc tìso lossy ìso kai lossless apeikìnishc qrhsimopoi¸ntac thn

Ðdia akoloujÐa. Par�llhla, epiprìsjeta qarakthristik� tou protÔpou JPEG2000 mporeÐ na

jewrhjoÔn qr sima se di�forec efarmogèc pou perilamb�noun kwdikopoÐhsh video. Par�ìla

aut�, h epituqÐa tou protÔpou JPEG2000 èqei parathrhjeÐ kurÐwc wc proc h apìdosh kw-

dikopoÐhshc se sqèsh me �lla prìtupa eikìnac pou up�rqoun. Oi mèqri t¸ra èreunec èqoun

epikentrwjeÐ sthn apìdosh tou JPEG2000 (kai kat�epèktash Motion-JPEG2000) se sqèsh

me palaiìtera prìtupa JPEG ston tomèa thc kwdikopoÐhshc eikìnac - den èqoun gÐnei pollèc



43

melètec gia thn apìdosh tou Motion-JPEG2000 se sqèsh me �lla prìtupa, ta opoÐa den pro-

orÐzontai mìno gia eikìna. Apì thn �llh meri�, to nèo prìtupo H.264/AVC MPEG-4 Part

10 parousi�zei exairetikèc epidìseic se polloÔc tomeÐc kai parousi�zei idiaÐtero endiafèron h

melèth tou. Kai se aut  thn perÐptwsh, oi melètec pou èqoun gÐnei èqoun na k�noun me thn

ektÐmhsh apìdoshc tou H.264 se sqèsh me ta prohgoÔmena prìtupa H.263   MPEG-4 Part 2

([14],[15],[16],[17],[18],[19],[20],[21]).

Sthn enìthta aut , melet�tai h apìdosh tou Motion-JPEG2000 kai tou H.264/AVC

MPEG-4 Part 10 p�nw se perioqèc efarmog c touc pou eÐnai koinèc kai gia ta dÔo prìtupa.

Qrhsimopoi¸ntac to prìtupo H.264/AVC MPEG-4 Part 10 me thn epilog  pure intra coding,

dhmiourgoÔme èna koinì plaÐsio p�nw sto opoÐo mporoÔme na sugkrÐnoume ta prìtupa wc proc

thn kwdikopoÐhsh anèxarthtwn metaxÔ touc eikìnwn. H prosomoÐwsh ègine k�nontac qr sh

video ulikoÔ pou kalÔptei mÐa meg�lh gk�ma diaforetik¸n efarmog¸n (diaforetikèc analÔseic

eikìnac).

H.264/AVC MPEG-4 Part 10

To H.264/AVC MPEG-4 Part 10 eÐnai èna prìtupo kwdikopoÐhshc video, gnwstì kai wc

MPEG-4 Part 10   MPEG-4 AVC. Prìkeitai gia to teleutaÐo block-oriented motion estima-

tion based kwdikopoiht  pou dhmiourg jhke apì thn sunergasÐa twn ITU-T Video Coding

Experts Group (VCEG) kai ISO/IEC Moving Picture Experts Group (MPEG).

Skopìc tou H.264/AVC MPEG-4 Part 10 eÐnai h dhmiourgÐa enìc protÔpou ikanoÔ na

prosfèrei kal  poiìthta eikìnac se polÔ qamhl� bit rates se sqèsh me ta prìtupa MPEG-2,

H.263, MPEG-4 Part 2, qwrÐc ìmwc na aux�nei se uperbolikì bajmì thn poluplokìthta sqe-

diasmoÔ tou algorÐjmou ¸ste na eÐnai adÔnato   exairetik� asÔmforo na ulopoihjeÐ. Stìqoc

tou protÔpou eÐnai qr sh tou se meg�lo eÔroc efarmog¸n pou leitourgoÔn se di�fora dÐktua

kai sust mata, ìpwc apostol  kai l yh video gia qamhl� kai yhl� bit rates kai analÔseic,

DVD, RTP/IP dÐktua, thlefwnik� sust mata, ktl.
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Prosomoi¸seic

Test cases kai test materials: Sta peir�mata pou k�name, exet�same tèsseric diafo-

retikèc peript¸seic video, k�je mÐa apì tic opoÐec antistoiqoÔse se diaforetik  an�lush

eikìnac. Ta pr¸ta dÔo peir�mata eÐqan na k�noun me qam lhc an�lushc video CIF (352x288

pixels), pou sun jwc qrhsimopoieÐtai se videoconferencing kai video streaming efarmogèc.

To epìmeno peÐrama exètaze thn perÐptwsh tou video polÔ qamhl c an�lushc QCIF (176x144

pixels) h opoÐa qrhsimopoieÐtai gia efarmogèc ìpou h qwrhtikìthta tou kanalioÔ met�doshc

eÐnai exairetik� qamhl . To tètarto peÐrama perilamb�nei video me an�lush standard TV PAL

(720x576 pixels). Tèloc, exet�same thn perÐptwsh video gia VGA an�lush (640x480 pixels)

pou qrhsimopoieÐtai se hlektronikoÔc upologistèc. Ta parap�nw sunoyÐzontai sto parak�tw

pÐnaka.

PÐnakac 2.5: ParadeÐgmata videos gia thn melèth protÔpwn kwdikopoÐshc kinoÔmenhc eikìnac

ArqeÐo An�lush Arijmìc frames

Speedway 352x288 pixels 200

Walkcif 352x288 pixels 360

Walkqcif 176x144 pixels 360

Walkpal 720x576 pixels 360

Walksvga 640x480 pixels 360

Ulopoi seic kai par�metroi: Gia thn prosomoÐwsh twn parap�nw peiram�twn, qrh-

simopoi same tic parak�tw ulopoi seic kai paramètrouc gia ta dÔo prìtupa:

Motion-JPEG2000

Qrhsimopoi jhke to OpenJPEG v0.97 gia thn dhmiourgÐa arqeÐwn .mj2. Oi par�metroi

pou qrhsimopoi jhkan eÐnai oi ex c:

• Lossless compression, 1 layer of quality

• 1 tile
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• 1 precinct

• Size of code-block 64 x 64

• Number of resolution (i.e. DWT decomposition level) : 6

• No SOP marker in the codestream

• No EPH marker in the codestream

• No sub-sampling in x and y direction

• No mode switch activated

• Progression order : LRCP

• No index file

• No ROI upshifted

• No offset of the origin of the image

• No offset of the origin of the tiles

• Reversible DWT 5-3

H.264/AVC MPEG-4 Part 10

Qrhsimopoi jhke to Joint Model (JM) v13.1 gia thn dhmiourgÐa arqeÐwn H.264/AVC

MPEG-4 Part 10. Qrhsimopoi jhkan oi default par�metroi me exaÐresh to gegonìc oti ègine

qr sh mìno pura intra coding kai ìqi inter-frame prediction gia na eÐnai pio dÐkaih h sÔgkrish

twn dÔo protÔpwn.

Apotelèsmata

An kai h pt¸sh thc apìdoshc tou H.264 apì thn epilog  tou pure intra coding eÐnai thc t�xe-

wc twn 7-10 dB, ta apotelèsmata twn prosomoi¸sewn deÐqnoun ìti to prìtupo H.264/AVC

upertereÐ se ìlec tic peript¸seic tou Motion-JPEG2000 (sq mata 2.17, 2.18, 2.19, 2.20 kai

2.21). Pio sugkekrimèna, stic peript¸seic ìpou ta videos èqoun qamhl  an�lush eikìnac

(CIF, QCIF), to H.264/AVC upertereÐ se ìla ta ratio sumpÐeshc kat� 3 dB. Autì dÐnei mia

polÔ kajar  eikìna gia tic dunatìthtec tou H.264/AVC akìma kai qwric thn epilog  tou

inter-frame prediction.

Sthn perptws twn videos me megalÔterh an�lush (PAL, VGA), to H.264/AVC MPEG-

4 Part 10 parousÐazei mÐa polÔ kal  apìdosh wc proc thn par�metro R-D (parathroÔme

ìti èqoume diafor� sthn poiìthta eikìnac wc proc o Y-PSNR thc t�xhc twn 5-6 dB) all�
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Sq ma 2.17: Mètrhsh PSNR gia thn perÐptwsh thc speedway (CIF) akoloujÐac

Sq ma 2.18: Mètrhsh PSNR gia thn perÐptwsh thc Walk (CIF) akoloujÐac
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Sq ma 2.19: Mètrhsh PSNR gia thn perÐptwsh thc Walk (QCIF) akoloujÐac

Sq ma 2.20: Mètrhsh PSNR gia thn perÐptwsh thc Walk (PAL) akoloujÐac
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Sq ma 2.21: Mètrhsh PSNR gia thn perÐptwsh thc Walk (VGA) akoloujÐac

tautìqrona parousi�zei mÐa adunamÐa wc proc ton qrìno kwdikopoÐhshc thc akoloujÐac video.

Me �lla lìgia, mporeÐ to Motion-JPEG2000 na mhn èqei kal  poiìthta eikìnac, par�ìla

aut� apodÐdei kalÔtera se live streaming wc proc ton par�gonta tou qrìnou kwdikopoÐhshc.

Bèbaia, to peÐrama autì den pragmatopoi jhke me thn melèth ìlwn twn paramètrwn pou dÐnoun

oi kwdikopoihtèc, epomènwc apoteleÐ mÐa pr¸th eikìna sÔgkrishc twn dÔo ulopoi sewn kai

ìqi o kanìnac. Oi qrìnoi kwdikopoÐhshc faÐnontai stouc pÐnakec 2.6-2.12.

Poluplokìthta kai leitourgikìthta

An kai mÐa analutik  melèth p�nw sthn poluplokìthta twn protÔpwn ja  tan polÔ dÔskolo na

gÐnei, mporoÔme na bg�loume k�poia sumper�smata apì ta apotelèsmata twn prosomoi¸sewn

pou èginan. Bèbaia, akìma kai mÐa apl  an�lush thc poluplokìthtac wc proc tic paramètrouc

twn mn mhc, upologistik c isqÔoc kai kìstouc poluplokìthtac eÐnai arket� dÔskolh kaj¸c

aut  exart�tai apì thn sugkekrimènh ulopoÐhsh tou kwdikopoiht  (sthn perÐptwsh mac Open-

JPEG v0.97 kai JM 13.1).

Oi di�forec software ulopoi seic pou èqoun parousiasteÐ, prosfèroun mÐa ploÔsia gk�ma
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extra qarakthristik¸n ta opoÐa epibarÔnoun   dieukolÔnoun thn diadikasÐa thc kwdikopo-

Ðhshc/apokwdikopoÐhshc kai kat�epèktash ephre�zoun thn poluplokìthta thc diadikasÐac.

ParadeÐgmata aut¸n eÐnai h epilog  tou wavelet kernel, to mègejoc tou tile   tou codeblock

gia thn perÐptwsh tou JPEG2000   to mègejoc tou slice kai ton arijmì twn prediction modes

gia thn perÐptwsh tou H.264/AVC MPEG-4 Part 10. MÐa eikìna gia thn poluplokìthta

twn diadikasi¸n mporeÐ na faneÐ apì touc parak�tw pÐnakec me touc qrìnouc kwdikopoÐhshc

twn videos gia tic di�forec peript¸seic.

PÐnakac 2.6: Qrìnoc kwdikopoÐhshc thc akoloujÐac Speedway - Mèroc 1

Codec Ratio: 2.68 3.67 5.17 8.29 13.8

MotionJPEG2000 (sec) 0.01252 0.01251 0.01313 0.01311 0.01249

H.264/AVC (sec) 0.193670 0.174747 0.152247 0.134618 0.118319

PÐnakac 2.7: Qrìnoc kwdikopoÐhshc thc akoloujÐac Speedway - Mèroc 2

Codec Ratio: 26.36 47.12 90.625 170.3 382.08

MotionJPEG2000 (sec) 0.01198 0.01303 0.01207 0.01202 0.01218

H.264/AVC (sec) 0.100867 0.098680 0.08928 0.08927 0.08753

PÐnakac 2.8: Qrìnoc kwdikopoÐhshc thc akoloujÐac Walk (CIF) - Mèroc 1

Codec Ratio: 2.68 3.67 5.17 8.29 13.8

MotionJPEG2000 (sec) 0.02565 0.02574 0.02599 0.02591 0.02489

H.264/AVC (sec) 0.183041 0.165986 0.148326 0.130410 0.117806
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PÐnakac 2.9: Qrìnoc kwdikopoÐhshc thc akoloujÐac Walk (CIF) - Mèroc 2

Codec Ratio: 26.36 47.12 90.625 170.3 382.08

MotionJPEG2000 (sec) 0.02497 0.02510 0.02569 0.02621 0.02449

H.264/AVC (sec) 0.105682 0.100014 0.09913 0.09297 0.08785

PÐnakac 2.10: Qrìnoc kwdikopoÐhshc thc akoloujÐac Walk (PAL) - Mèroc 1

Codec Ratio: 2.68 3.67 5.17 8.29 13.8

MotionJPEG2000 (sec) 0.2660 0.2535 0.2532 0.2516 0.2506

H.264/AVC (sec) 7.9260 7.5303 7.6723 7.4987 7.5098

PÐnakac 2.11: Qrìnoc kwdikopoÐhshc thc akoloujÐac Walk (PAL) - Mèroc 2

Codec Ratio: 26.36 47.12 90.625 170.3 382.08

MotionJPEG2000 (sec) 0.2497 0.2490 0.2485 0.2479 0.2479

H.264/AVC (sec) 7.4034 7.4675 7.5513 7.2868 7.3501

Pèra apì thn diadikasÐa thc sumpÐeshc, ta prìtupa kwdikopoÐshc video kai eikìnac prèpei

na uposthrÐzoun mÐa seir� apì dunatìthtec pou eÐnai aparaÐthtec apì sugkekrimènec efar-

mogèc. Ed¸, prèpei na k�noume ton diaqwrismì metaxÔ twn basik¸n leitourgi¸n kai twn

proairetik¸n qarakthristik¸n. Apì ta pio shmantik� basik� qarakthristik� pou prèpei na

uposthrÐzei èna multimedia standard eÐnai èna koinì, eÔqrhsto interface gia thn meg�lh poiki-

lÐa mèswn apoj keushc kai epipèdwn met�doshc. Gia ton skopì autìn, to Motion-JPEG2000

parèqei to MJ2 file format, to opoÐo klhronomeÐtai apì to JPEG2000 file format kai to opo-

Ðo eÐnai sten� sundedemèno me to MPEG-4 MP4 file format. Apì thn �llh, to H.264/AVC

MPEG-4 Part 10 parèqei mÐa epÐshc èxupnh lÔsh: to Network Abstraction Layer (NAL).

To NAL mporeÐ na perièqei plhroforÐec gia ton trìpo apeikìnishc tou video an�loga me tic
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PÐnakac 2.12: Qrìnoc kwdikopoÐh thc akoloujÐc Walk (QCIF) - Mèroc 1

Codec Ratio: 2.68 3.67 5.17 8.29 13.8

MotionJPEG2000 (sec) 0.0167 0.0162 0.0162 0.0162 0.0160

H.264/AVC (sec) 0.0942 0.0855 0.0769 0.0692 0.0637

PÐnakac 2.13: Qrìnoc kwdikopoÐhshc thc akoloujÐac Walk (QCIF) - Mèroc 2

Codec Ratio: 26.36 47.12 90.625 170.3 382.08

MotionJPEG2000 (sec) 0.0158 0.0157 0.0157 0.0157 0.0156

H.264/AVC (sec) 0.0586 0.0548 0.0520 0.0498 0.0474

PÐnakac 2.14: Qrìnoc kwdikopoÐhshc thc akoloujÐac Walk (VGA) - Mèroc 1

Codec Ratio: 2.68 3.67 5.17 8.29 13.8

MotionJPEG2000 (sec) 0.2029 0.1911 0.1905 0.1893 0.1886

H.264/AVC (sec) 4.5565 4.5180 4.2608 4.2849 4.0243

diaforetikèc an�gkec tou mèsou met�doshc   apoj keushc (IP-based service, MP4 file for-

mat, MPEG-2 Systems etc). EpÐshc, èna basikì qarakthristikì pou prèpei na prosfèrei èna

multimedia prìtupo eÐnai h anìqh se sf�lmata kat� thn di�rkeia thc met�doshc. Tìso to

Motion-JPEG2000 ìso kai to H.264/AVC MPEG-4 Part 10 parèqoun plhj¸ra dunatot twn

prostasÐac tou codestream se l�jh met�doshc.

'Oson afor� ta proairetik� qarakthristik�, to qarakthristikì tou scalability eÐnai to pio

exèqon qarakthristikì tou protÔpou Motion-JPEG2000. Autì apoteleÐ mÐa leitourgikìthta

pou parèqei kai to prìtupo H.264/AVC MPEG-4 Part 10 all� me diaforetikì trìpo. EpÐshc,

èna qarakthristikì pou parèqetai apì to baseline prìtupo JPEG2000 eÐnai h dunatìthta

epilog c lossless kai lossy apokwdikopoÐhshc apì to Ðdio codestream. Bèbaia, na tonÐsoume
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PÐnakac 2.15: Qrìnoc kwdikopoÐhshc thc akoloujÐac Walk (VGA) - Mèroc 2

Codec Ratio: 26.36 47.12 90.625 170.3 382.08

MotionJPEG2000 (sec) 0.1876 0.1874 0.1870 0.1870 0.1868

H.264/AVC (sec) 3.9567 4.0383 4.1236 4.0138 3.9447

ìti h upost rixh tou teleutaÐou qarakthristikoÔ èqei k�poia epÐdrash sto PSNR wc proc

thn rate-distortion par�metro.

2.4 Melèth protÔpwn sqetik¸n me to JPEG2000

2.4.1 EktÐmhsh apìdoshc protÔpou JPWL

H met�dosh eikìnwn kai video mèsw asÔrmatwn kanali¸n gÐnetai ìlo kai pio suqn  me thn

an�ptuxh thc teqnologÐac kinht¸n suskeu¸n (mobile phones, PDAs, etc). Ta asÔrmata

dÐktua qarakthrÐzontai apo thn suqn  emf�nish laj¸n sthn met�dosh, gegonìc pou dhmiourgeÐ

probl mata sthn met�dosh dedomènwn. Lìgw thc dunatìthtac gia uyhl  sumpÐesh, to prìtupo

JPEG2000 endeÐknutai gia wireless multimedia efarmogèc.

ExaitÐac thc sumperifor�c aut c twn asÔrmatwn kanali¸n, to JPEG Group dhmioÔrghse

mÐa epèktash tou JPEG2000 gia asÔrmata dÐktua, to JPWL. Skopìc tou JPWL eÐnai na

dieurÔnei thn basik  ulopoÐhsh tou protÔpou JPEG2000 ètsi ¸ste na gÐnei dunat  h apodo-

tik  met�dosh eikìnwn p�nw se jorub¸dh asÔrmata kan�lia. Pio sugkekrimèna, to JPWL

uposthrÐzei ergaleÐa kai mejìdouc gia thn prostasÐa thc akoloujÐac apì l�jh kat� thn me-

t�dosh, ìpwc epÐshc kai domèc gia thn perigraf  thc euaisjhsÐac tmhm�twn thc akoloujÐac

pou qrei�zontai auxhmènh prostasÐa apènanti sta l�jh. Merik� apì ta ergaleÐa aut� eÐnai h

prostasÐa thc kefalÐdac thc eikìnac kai twn tile (EPB), k¸dikec Forward Error Correcting

(FEC), Unequal Error Protection (UEP), ktl.

To JPWL den apoteleÐ k�poio sugkekrimèno prwtìkollo diktÔou   met�doshc alla pro-

sfèrei lÔseic gia apodotik  met�dosh twn JPEG2000 akolouji¸n se jorub¸dh perib�llonta.

An kai basikìc tomèac efarmog c tou JPWL eÐnai ta asÔrmata dÐktua, ta Ðdia ergaleÐa mporoÔn
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na qrhsimopoihjoÔn kai se �llec perist�seic (ensÔrmata diktua, ktl) ([22],[24],[25],[26],[27]).

OrismoÐ FEC, EEP kai UEP

FEC: To skeptikì sto opoÐo basÐzetai o mhqanismìc FEC eÐnai h prosj kh pleonasmatik¸n

plhrofori¸n sth ro  twn arqik¸n pakètwn dedomènwn. Me kìstoc thn oriak  aÔxhsh thc

taqÔthtac twn dedomènwn, oi pleonasmatikèc plhroforÐec mporoÔn na qrhsimopoihjoÔn gia thn

anakataskeu  proseggÐsewn   panomoiìtupwn ekdìsewn gia orismèna apì ta qamèna pakèta

[29].

EEP kai UEP: Prìkeitai gia teqnikèc pou kajorÐzoun ton trìpo me ton opoÐo ja eisaqjo-

Ôn oi pleonasmatikèc plhroforÐec sthn ro  twn pakètwn dedomènwn. To EEP (Equal Error

Protection) proteÐnei prosj kh kwdik¸n FEC, isomegèjh metaxÔ touc, me ton Ðdio trìpo kat�

m koc thc akoloujÐac twn dedomènwn en¸ to UEP (Unequal Error Protection) ekmetalleÔetai

thn spoudaiìthta pou èqoun ta dedomèna p.q. gia thn apokwdikopoÐhsh thc eikìnac, kai orÐzei

isqurìterouc k¸dikec FEC sta pio shmantik� apì aut�. Me ton trìpo autì, prostateÔontai

kalÔtera ta dedomèna pou eÐnai apraÐtha gia thn apokwdikopoÐhsh thc eikìnac, en¸ dedomèna

pou apl¸c aux�noun thn poiìthta mporoÔn na paralhfjoÔn [29].

JPWL

Oi basikèc leitourgÐec enìc sust matoc JPWL eÐnai oi ex c: h prostasÐa thc akoloujÐac

apì tuqìn l�jh met�doshc, h perigraf  tou bajmoÔ euaisjhsÐac ènanti laj¸n twn di�forwn

tmhm�twn thc akoloujÐac kai h perigraf  twn jèsewn twn laj¸n pou den diorj¸jhkan mèsa

sthn akoloujÐa.

'Ena par�deigma sust matoc pou ulopoieÐ to prìtupo JPWL eÐnai autì pou faÐnetai sthn

eikìna 2.22. Sthn pleur� thc met�doshc, o JPWL kwdikopoiht c apoteleÐtai apì treic mo-

n�dec: ena basikì kwdikopoiht  JPEG2000, o opoÐoc sumpièzei kai kwdikopoieÐ thn eikìna

proc met�dosh, èna genn tora pou perigr�fei thn euaisjhsÐa twn tmhm�twn thc eikìnac kai

ènan epexergast  pou efarmìzei ta di�fora ergaleÐa gia thn prostasÐa thc akoloujÐac. Me

ton trìpo autì, èqoume mÐa JPWL akoloujÐa anjektik  apènanti se l�jh met�doshc. Sthn

pleur� tou dèkth, o JPWL apokwdikopoiht c apoteleÐtai kai p�li apì treic mon�dec: ènan
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Sq ma 2.22: Perigraf  sust matoc JPWL: kwdikopoiht c kai apokwdikopoiht c

epexergast  pou diorj¸nei tuqìn l�jh sthn akoloujÐa, èna genn tora pou perigr�fei tic

jèseic twn di�forwn laj¸n pou o epexergast c den katìrjwse na diorj¸sei kai tèloc ton

basikì apokwdikopoiht  JPEG2000.

Mèqri stigm c, to JPWL orÐzei tèsseta nèa marker segments: Error Protection Capabil-

ity (EPC), Error Protection Block (EPB), Error Sensitivity Description (ESD) kai Residual

Error Description (RED). Aut� perigr�fontai pio analutik� parak�tw.

Error Protection Capability (EPC): O EPC marker perigr�fei poia ergaleÐa èqoun

qrhsimopoihjeÐ sthn akoloujÐa gia thn antimet¸pish laj¸n. Pio sugkekrimèna, to EPC

perilamb�nei plhroforÐec gia to an ta trÐa segments ESD, RED kai EPB perilamb�nontai

sthn akoloujÐa. Perissìterec plhroforÐec gia thn sÔntaxh tou EPC mporeÐte na breÐte sto

[27].

Error Protection Block (EPB): H basik  leitourgÐa tou EPB eÐnai na prostateÔei thn

basik  kefalÐda kai tic kefalÐdec twn tiles. 'Omwc, mporeÐ na qrhsimopoihjeÐ kai gia thn pro-

stasÐa olìklhrhc thc akoloujÐac. To EPB perilamb�nei plhroforÐec sqetik� me paramètrouc

kai dedomèna pou prèpei na prostateutoÔn apì ta l�jh. Perissìterec plhroforÐec gia thn
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sÔntaxh tou EPB mporeÐte na breÐte sto [27].

Error Sensitivity Descriptor (ESD): O ESD marker perilamb�nei plhroforÐec sqe-

tik� me thn �euaisjhsÐa� tmhm�twn thc akoloujÐac se parousÐa laj¸n. Aut  h plhroforÐa

mporeÐ na qrhsimopoihjeÐ kat� thn efarmog  teqnik¸n Unequal Error Protection (UEP). Pio

sugkekrimèna, pio apodotikoÐ k¸dikec diìrjwshc laj¸n qrhsimopoioÔntai gia thn prostasÐa

pio euaÐsjhtwn tmhm�twn tou codestream. EpÐshc, aut  h plhroforÐa mporeÐ na qrhsimopoi-

hjeÐ se teqnikèc epilektik c epanamet�doshc tmhm�twn thc akoloujÐac - m��lla lìgia, ènac

megalÔteroc arijmìc epanametadìsewn epiqeireÐtai se pio krÐsima tm mata thc akoloujÐac.

Perissìterec plhroforÐec gia thn sÔntaxh tou ESD mporeÐte na breÐte sto [27].

Residual Error Descriptor (RED): O RED marker perilamb�nei plhroforÐec gia thn

parousÐa residual errors sthn akoloujÐa. O marker autìc qrhsimopoieÐtai sthn perÐptwsh

pou o JPWL decoder apìtuqei na diorj¸sei ìla ta l�jh sth lhfjeÐsa akoloujÐa. H plhro-

forÐa pou perièqetai sto RED mporeÐ na qrhsimopoihjeÐ apo to JPEG2000 decoder gia thn

kalÔterh antimet¸pish twn laj¸n - pio sugkekrimèna, o apokwdikopoiht c mporeÐ na apait sei

epanamet�dosh twn tm matwn pou perièqoun l�jh   na mhn epexergasteÐ tm mata k¸dika pou

perièqoun residual errors, mei¸nontac ètsi thn katanal¸menh enèrgeia kai ton qrìno apokwdi-

kopoÐhshc tou dèkth. Perissìterec plhroforÐec gia thn sÔntaxh tou RED mporeÐte na breÐte

sto [27].

Prosomoi¸seic

Parak�tw, sugkrÐnoume thn apìdosh tou protÔpou JPWL me diaforetikèc paramètrouc kai se

diaforetikèc sunj kec kanali¸n. Gia ton skopì autì, qrhsimopoioÔme thn JPWL ulopoÐhsh

tou OpenJPEG, miac kai eÐnai h monadik  ulopoÐhsh tou JPWL protÔpou. H ulopoÐhsh

basÐzetai kai epekteÐnei thn basik  ulopoÐhsh tou JPEG2000 kwdikopoiht . UposthrÐzei èna

meg�lo arijmì apì ergaleÐa prostasÐac, san kai aut� pou perigr�yame parap�nw (den up�rqei

ulopoÐhsh gia Residual Errors). Gia thn prosomoÐwsh, epilèxame san eikìnec èna frame

(1.ppm) thc akoloujÐac twn peiram�twn pou ja akolouj soun, megèjouc 320x240 pixels,

kai thn eikìna Zelda24.ppm pou anafèrjhke parap�nw, megèjouc 787x576 pixels. EpÐshc,
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to perib�llon prosomoÐwshc perilamb�nei error-prone BSC (Binary Symmetric Channel) kai

Gilbert-Elliot kan�lia me pijanìthtec l�jouc bits pou kumaÐnontai apo 3x10e-6 mèqri 3x10e-

4. Gia thn perÐptwsh tou Gilbert-Elliot kanalioÔ, h pijanìthta na èqoume akoloujÐa laj¸n

isoÔtai me 0.8 (burst errors).

Oi diaforetikèc peript¸seic pou melet same eÐnai ta ex c:

1. Kajìlou prostasÐa - prìkeitai gia thn apl  met�dosh tou JPEG2000 codestream mèsa

apo to kan�li jorÔbou.

2. ProstasÐa kefalÐdwn - efarmog  mìno twn EPB markers gia prostasÐa twn main

header kai tile-part headers.

3. 'Anish prostasÐa sta dedomèna (UEP) me Reed Solomon Codes (78,32) gia kwdikopo-

Ðhsh twn diafìrwn tmhm�twn. Pio sugkekrimèna, predefined EPB sto main header,

RS(64,32) gia Tile-part headers apì 0 e¸c 2,CRC-32 se Tile-part headers gia tiles 3

kai 4, CRC-16 gia ta upìloipa Tile-part headers, EEP RS(78,32) gia k�poia pakèta

dedomènwn.

4. 'Anish prostasÐa se ìla ta dedomèna (UEP) me CRC-16 gia kwdikopoÐhsh diafìrwn

tmhm�twn. 'Idia me perÐptwsh 4, all� antÐ gia RS(78,32), qrhsimopoieÐtai to CRC-16.

5. 'Ish prostasÐa se ìla ta dedomèna me CRC-32 se ìlh thn èktash thc akoloujÐac.

6. 'Ish prostasÐa se ìla ta dedomèna me Reed Solomon (128,32) se ìlh thn èktash thc

akoloujÐac.

Na tonÐsoume ìti ta apotelèsmata twn prosomoi¸sewn eÐnai apotelèsma mèshc tim c 10

epanal yewn se k�je perÐptwsh. EpÐshc, na tonÐsoume. ìti se pollèc peript¸seic kai se

k�poia case studies, o decoder adunatoÔse na apokwdikopoi sei thn eikìna se perib�llon

me uyhlì BER (3x10e-4), akìma kai me parousÐa error correcting codes (emf�nish poll¸n

residual errors kurÐwc sthn basik  kefalÐda). 'Omwc, h suqnìthta twn peript¸sewn ìpou  tan

adÔnath h apokwdikopoÐhsh,  tan polÔ uyhlìterh sthn perÐptwsh me apousÐa prostasÐac kai

qamhlìterh se kwdikopoÐhsh me uyhl  prostasÐa.
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Apotelèsmata - BSC

Ta apotelèsmata twn prosomoi¸sewn gia binary symmetric channel faÐnontai sta sq mata

2.23-2.24 kai stouc pÐnakec 2.16 kai 2.17. Apì touc pÐnakec, parathroÔme pt¸sh wc proc thn

poiìthta thc eikìnac gia thn perÐptwsh pou den èqoume prostasÐa dedomènwn (peript¸seic

1 kai 2) se sqèsh me tic peript¸seic pou èqoume prostasÐa dedomènwn (peript¸seic 3-6).

Par�ìla aut�, h pt¸sh aut  eÐnai polÔ mikr  lìgw mikr c pijanìthta l�jouc kai tuqaiìthtac

thc prosomoÐwshc (sthn perÐptwsh tou Gilbert-Elliot all�zei h eikìna aut ). MporoÔme

p�ntwc na diapist¸soume mÐa epikr�thsh tou EEP Reed-Solomon (per.6) kai tou UEP me

Reed-Solomon (per.3).

PÐnakac 2.16: Melèth JPWL gia BSC - 1.ppm

BERs Per. 1 Per. 2 Per. 3 Per. 4 Per. 5 Per. 6

3x10e-6 45.1891 45.6562 47.7378 46.4651 45.6764 48.7467

3x10e-5 33.8878 34.9260 36.8489 35.2338 34.6519 37.2059

1x10e-4 17.5948 18.2934 20.9537 20.9812 19.4105 21.503

3x10e-4 12.5948 12.2934 14.9537 13.9812 13.4105 15.103

PÐnakac 2.17: Melèth JPWL gia BSC - Zelda24.ppm

BERs Per. 1 Per. 2 Per. 3 Per. 4 Per. 5 Per. 6

3x10e-6 54.5486 53.3214 54.8642 51.3460 53.9542 54.3752

3x10e-5 34.1100 34.9963 35.9285 35.6514 38.3301 38.2664

1x10e-4 21.4976 20.2323 24.9740 24.7745 26.6815 28.6002

3x10e-4 11.5948 12.3214 14.5841 14.9812 14.5968 16.1030
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Apotelèsmata - Gilbert Elliot

Ta apotelèsmata twn prosomoi¸sewn gia kan�li Gilbert-Elliot faÐnontai sta sq mata 2.25-

2.26 kai stouc pÐnakec 2.18 kai 2.19. Prìkeitai gia thn melèth twn Ðdiwn peript¸sewn. 'Opwc

 tan anamenìmeno, lìgw mn mhc tou kanalioÔ Gilbert-Elliot, ta apotelèsmata pou paÐrnoume

eÐnai qeirìtera apì thn perÐptwsh tou BSC kanalioÔ. H sumperifor� tou kanalioÔ autoÔ eÐnai

pio kontin  me thn antÐstoiqh twn asÔrmatwn kanali¸n, kaj¸c sta teleutaÐa eÐnai sunhjismènec

oi peript¸seic suneqìmenwn laj¸n (burst errors).

Apì touc pÐnakec, kai ed¸ parathroÔme megalÔterh pt¸sh wc proc thn poiìthta thc ei-

kìnac gia thn perÐptwsh pou den èqoume prostasÐa dedomènwn (peript¸seic 1 kai 2) se sqèsh

me tic peript¸seic pou èqoume prostasÐa dedomènwn (peript¸seic 3-6). Gia ton lìgo autì,

mporoÔme na sumper�noume ìti to prwtìkollo JPWL èqei wc apotèlesma kalÔterh poiìthta

thc lambanìmenhc eikìnac ston dèkth se sqèsh me thn perÐptwsh apl c met�doshc thc eikìnac.

EpÐshc na tonisteÐ ìti sthn perÐptwsh 2, o apokwdikopoiht c katìrjwse na apokwdikopoi sei

thn eikìna me megalÔterh suqnìthta se sqèsh me thn perÐptwsh 1. Autì upodeiknÔei ìti, par�

to gegonìc ìti ta dedomèna kai stic dÔo peript¸seic eÐqan l�jh kat� thn met�dosh, h eikìna

me prostateumèna ta mèrh twn kefalÐdwn odhgeÐ se epituq  apokwdikopoÐhsh.

PÐnakac 2.18: Melèth JPWL gia kan�li Gilber-Elliot - 1.ppm

BERs Per. 1 Pr. 2 Per. 3 Per. 4 Per. 5 Per. 6

3x10e-6 37.1891 38.6562 42.7378 40.4651 41.6764 43.7467

3x10e-5 28.8878 28.9260 31.8489 32.2338 31.6519 31.2059

1x10e-4 14.5948 14.2934 15.9537 15.9812 15.4105 16.5030

3x10e-4 9.5948 10.2934 12.9537 10.9812 11.4105 12.1030

ParathroÔme ìti up�rqoun di�forec epilogèc ìson afor� ton trìpo prostasÐac tou code-

stream kai h epilog  mÐac wc kalÔterhc den eÐnai eÔkolh. Autì exart�tai apì pollèc para-

mètrouc kai oi opoÐec perigr�fontai par�katw.
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PÐnakac 2.19: Melèth JPWL gia kan�li Gilber-Elliot - Zelda24.ppm

BERs Per. 1 Per. 2 Per. 3 Per. 4 Per. 5 Per. 6

3x10e-6 48.2245 48.4558 50.1547 49.1622 51.3698 51.7463

3x10e-5 31.9546 31.8741 32.6354 32.4466 35.1886 36.9524

1x10e-4 19.5685 19.8971 25.8701 24.2215 25.1393 26.8423

3x10e-4 10.1584 10.3512 13.3544 12.4163 15.1821 15.1003

EuaisjhsÐa kanalioÔ: Se kan�lia pou eÐnai anjektik� se l�jh (qamhlì BER), akìma

kai h epilog  thc mh-prostasÐac tou codestream eÐnai ikanopoihtik , kaj¸c apodÐdei polÔ kal�

se BER mikrìtera tou 3x10e-6 (� 35dB). Par�llhla, h apousÐa twn error correcting codes

odhgeÐ kai se mikrìtero mègejoc arqeÐwn, gegonìc pou Ðswc eÐnai epijumhtì se sugkekrimènec

efarmogèc. Antiproswpeutik�, anafèroume ìti to apotèlesma thc kwdikopoÐhshc q¸ric pa-

rousÐa error correcting codes od ghse se mègejoc arqeÐou 434kB, en¸ h kwdikopoÐhsh me

RS(128,32) se ìlo to m koc thc akoloujÐac od ghse se mègejoc arqeÐou 713kB (to mègejoc

tou arqeÐou se PPM morf  eÐnai 768kB).

Apì thn �llh, gia peript¸seic asÔrmatwn kanali¸n, ìpou to BER eÐnai arket� uyhlì

se sqèsh me ta ensÔrmata kan�lia, h parousÐa twn error correcting codes bohj�ei sthn

apokwdikopoÐhsh twn eikìnwn. Gia par�deigma, stic peript¸seic ìpou den èqoume kajìlou

prostasÐa   qamhl  prostasÐa, h apìdosh tou sust matoc den ja eÐnai Ðdia me thn perÐptwsh

pou ja qrhsimopoi soume prostasÐa dedomènwn.

Mègejoc arqeÐou: 'Opwc anafèrjhke kai parap�nw, h parousÐa mhqanism¸n prostasÐac

mporeÐ na prosdÐdei asf�leia sthn met�dosh thc akoloujÐac, ìmwc aux�nei kai to mègejoc

tou arqeÐou proc apostol . Oi mhqanismoÐ pou qrhsimopoioÔntai gia thn prostasÐa tou code-

stream eÐnai metaxÔ allwn oi Reed-Solomon codes, CRC-32 ktl. Oi k¸dikec autoÐ, gia na

epitÔqoun thn asf�leia pou epijum tai, prosjètoun parap�nw bits plhroforÐac (check parity

bits) ¸ste na eÐnai dunat  h èuresh kai diìrjwsh lj¸n ston apokwdikopoiht . Me ton trìpo

autì, ìmwc, aux�netai h posìthta twn bits proc apostol  kai ètsi dhmiourgeÐtai èna trade-off
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Sq ma 2.23: JPWL - BSC gia 1.ppm

Sq ma 2.24: JPWL - BSC gia Zelda24.ppm
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metaxÔ tou megèjouc arqeÐou kai asf�leiac codestream. Gia efarmogèc pou apaitoÔn mikr�

arqeÐa eikìnwn (lìgw diajesimìthtac mn mhc, ktl), h qr sh mejìdwn ìpwc RS(128, 32) se

ìlo to m koc tou codestream Ðswc na eÐnai apagoreutikì. Opìte, h epilog  tou mhqanismoÔ

prostasÐac den eÐnai prokajorismènh gia ìlec tic peript¸seic kai exart�tai k�je for� apì thn

ek�stote efarmog .

Sq ma 2.25: JPWL - Gilbert-Elliot kan�li gia 1.ppm

Qrìnoc epexergasÐac: An kai kat� thn prosomoÐwsh den  tan apolÔtwc xek�jaro

(lìgw uyhl c upologistik c isqÔoc), h prosj kh mhqanism¸n prostasÐac tou codestream

odhgeÐ se aÔxhsh thc upologistik c poluplokìthtac kai, sunep¸c, aÔxhsh tou qrìnou u-

pologismoÔ kai epexergasÐac. 'Etsi, efarmogèc pou ekteloÔntai se epexegastèc me qam lh

upologistik  isqÔ   efarmogèc stic opoÐec o qrìnoc epexergasÐac kai kwdikopoÐhshc ( /kai

apokwdikopoÐhshc) thc eikìnac èqei auxhmènh shmasÐa gia thn efarmog , Ðswc ja  tan proti-

mìtero na mhn epibarÔnontai me diadikasÐec upologismoÔ twn error correcting codes.
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Sq ma 2.26: JPWL - Gilbert-Elliot kan�li gia Zelda24.ppm

Sumper�smata prosomoÐwshc

Apì ta apotelèsmata, ja mporoÔsame na bg�loume k�poia genik� sumper�smata:

1. Se kan�lia me qamhlì BER, Ðswc eÐnai perittì na eis�goume kai tm mata k¸dika pou

èqoun na k�noun me eÔresh kai diìrjwsh laj¸n. Se genikèc grammèc, h epib�runsh se

mègejoc k¸dika mporeÐ na rujmisteÐ an�loga thn perÐptwsh, q�rh sthn dunatìthta gia

Unequal Error Protection.

2. Se kan�lia me uyhlì BER, h parousÐa tmhm�twn gia thn prostasÐa codestream eÐnai

epijumht  kaj¸c ta apotelèsmata apì thn apokwdikopoÐhsh eÐnai polÔ kalÔtera. A-

n�loga me tic idiìthtec thc k�je efarmog c, mporeÐ na melethjoÔn ta qarakthristik�

tou kanalioÔ met�doshc kai na apofasisjeÐ h politik  gia thn prostasÐa twn dedomènwn

proc apostol .

3. Se efarmogèc pou to mègejoc arqeÐou paÐzei rìlo, gÐnetai epilog  twn mejìdwn pro-

stasÐac an�loga me tic apait seic thc efarmog c.
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4. H kwdikopoÐhsh Reed Solomon apodÐdei kalÔtera se sqèsh me tic kwdikopoi seic CRC-

16 kai CRC-32. Meionèkthma thc kwdikopoÐhshc Reed Solomon eÐnai h uperbolik 

aÔxhsh tou megèjouc tou telikoÔ arqeÐou.

5. To pedÐo ESD mporeÐ na qrhsimopoihjeÐ apì ton kwdikopoiht /apokwdikopoiht  gia thn

epilog  twn tmhm�twn k¸dika pou eÐnai perissìtero �euaÐsjhta� se sqèsh me ta upìloipa

(qrei�zontai megalÔterh prosoq ). Me ton trìpo autì, mporeÐ na kajoristeÐ h politik 

epanamet�doshc dedomènwn an�loga me to mètro �euaisjhsÐac� touc.

2.5 Sumper�smata

SÔgkrish me �lla prìtupa kwdikopoÐhshc eikìnac

Sthn melèth aut  ègine mÐa sÔgkrish twn teleutaÐwn ulopoi sewn twn protÔpwn JPEG,

JPEG-LS kai JPEG2000 p�nw se diaforetikèc leitourgÐec kai sunj kec perib�llontoc. Pa-

r�llhla, melet jhkan oi dunatìthtec k�je protÔpou ¸ste na sqhmatisteÐ mÐa genik  eikìna

wc proc thn epÐdosh twn ulopoi sewn.

Ta apotelèsmata deÐqnoun thn beltÐwsh pou parèqei to prìtupo JPEG2000 se di�forouc

tomeÐc thc epexergasÐac eikìnac se sqèsh me ta prìtupa JPEG, JPEG-LS. To JPEG2000

parèqei kalÔterh poiìthta eikìnac, megalÔterh sumpÐesh kai poikilÐa dunatot twn pou to

kajistoÔn kat�llhlo na qrhsimopoihjeÐ se efarmogèc pou den mporoÔn na efarmostoÔn ta

JPEG, JPEG-LS. Apì thn �llh, oi auxhmènec dunatìthtec tou JPEG2000 odhgoÔn se me-

galÔterh poluplokìthta tou algorÐjmou kai h qr sh eidikoÔ ulikoÔ gia thn kwdikopoÐh-

sh/apokwdikopoÐhsh krÐnetai aparaÐthth (toul�qiston gia tic real-time efarmogèc).

Sugkrish ulopoi sewn JPEG2000

Sthn enìthta aut , ègine parousÐash twn kuriìterwn ulopoi sewn twn protÔpwn JPEG2000

kai Motion JPEG2000. Oi ulopoi seic pou parousi�sthkan eÐnai: Kakadu, JasPer, Open-

JPEG, JJ2000. Apì tic parathr seic pou k�name, katal goume ìti oi kalÔterec ulopoi seic

anoiqtoÔ k¸dika proc melèth kai an�lush eÐnai autèc twn OpenJPEG kai Jasper, kaj¸c sun-

du�zoun ta qarakthristik� ìlwn twn �llwn kwdikopoiht¸n, parousi�zoun stajerìthta sthn

kwdikopoÐhsh/apokwdikopoÐsh kai parèqoun ulopoi seic p�nw se asÔrmata kan�lia (JPWL-
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tools - gia thn perÐptwsh tou OpenJPEG), gegonìc pou bohj�ei polÔ gia thn melèth twn

JPEG2000 kai Motion JPEG2000 p�nw se jorub¸dh kan�lia.

SÔgkrish MJPEG2000 me H.264/AVC MPEG-4 Part 10

Sthn enìthta aut , ègine mia sÔgkrish twn protÔpwn Motion-JPEG2000 kai H.264/AVC gia

epexergasÐa video arqeÐwn wc proc thn par�metro rate-distortion gia pure intra coding. Gia

thn sÔgkrish aut , pragmatopoi jhkan prosomoi¸seic gia diaforetikèc analÔseic video pou

aforoÔn diaforetikèc efarmogèc. Apì tic prosomoi¸seic autèc, parathr same mÐa shmantik 

uperoq  tou protÔpou H.264/AVC ènanti tou Motion-JPEG2000 se ìlec tic peript¸seic (h

diafor� se dB metaxÔ twn dÔo ulopoi sewn kumainìtan apo 3dB gia ta videos me qamhl 

an�lush mèqri kai 8-9dB gia ta videos uyhl c an�lushc) all� par�llhla parathr same mÐa

auxhmènh poluplokìthta tou H.264/AVC ìpou den sust netai se peript¸seic live streaming

efarmog¸n.

Melèth sumperifor�c JPWL se jorub¸dh kan�lia

Ta apotelèsmata èdeixan mÐa axioshmeÐwth beltÐwsh thc poiìthtac met�doshc pou kumaÐnetai

apì 1dB mèqri 6dB, an�loga me thn perÐptwsh pou melet�tai kai to kan�li met�doshc. Pa-

r�llhla, h Ôparxh twn mhqanism¸n prostasÐac mei¸nei shmantik� ta crashes tou decoder kat�

thn apokwdikopoÐhsh thc eikìnac all� aux�nei ton qrìno epexergasÐac kai to mègejoc tou

arqeÐou.
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3
An�lush DiktÔou

3.1 Montèlo OSI

Apì thn epoq  thc an�ptuxhc diktÔwn kai upologist¸n sthn dekaetÐa tou �70, k�je etairÐa kai

organismìc qrhsimopoioÔse thn dik  thc dom /arqitektonik  me thn opoÐa org�nwne ta dÐktua

epikoinwnÐac thc. O lìgoc Ôparxhc tìso diaforetik¸n dom¸n eÐnai akrib¸c h dunatìthta na

organwjoÔn oi di�forec ergasÐec tou diktÔou me polloÔc trìpouc. Par�ìlec tic diaforèc

touc ìmwc, parousÐazan pollèc omoiìthtec: pr¸ton, ìlec oi ulopoi seic èqoun domhjeÐ se

epÐpeda epexergasÐac - deÔteron, ta epÐpeda teÐnoun na organ¸nontai metaxÔ touc me ton Ðdio

trìpo (to kat¸tero epÐpedo analamb�nei thn apostol  kai l yh shm�twn met�doshc en¸ to

an¸tero epÐpedo analamb�nei thn epikoinwnÐa me ton qr sth) - kai, trÐton, qrhsimopoieÐtai h

met�dosh pakètwn apì �kro se �kro gia thn epioinwnÐa metaxÔ termatik¸n.

To 1977, to Ejnikì Amerik�niko InstitoÔto ProtpopoÐhhc (ANSI) xekÐnhse ma melèth p�nw

sthn arqitektonik  diktÔwn pou domoÔntai se epÐpeda epexergasÐac. B�sei aut c thc èreunac,

o Pagkìsmioc Organismìc ProtupopoÐhshc (ISO) xekÐnhse thn an�ptuxh enìc montèlou arqi-

tektonik c pou onom�zetai prìtupo anafor�c gia thn diasÔndesh anoiqt¸n susthm�twn (open

systems interconnection reference model - OSI model). To montèlo OSI eÐnai mia afhrhmènh,

diastrwmatwmènh perigraf  thc dom c prwtokìllwn epikoinwni¸n kai diktÔwn upologist¸n

se ept� epÐpeda str¸mata. Pio sugkekrimèna, apì p�nw proc ta k�tw, to OSI montèlo apo-

teleÐtai apì ta epÐpeda: Efarmog c, ParousÐashc, Sunìdou, DiakÐnhshc, DiktÔou, SÔndeshc

Dedomènwn kai Fusikì, ìpwc faÐnetai kai sthn parak�tw eikìna 3.1. K�je epÐpedo eÐnai èna
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Sq ma 3.1: Montèlo OSI

sÔnolo diergasi¸n pou parèqoun uphresÐec sto epÐpedo p�nw apì autì kai ekmetalleÔontai tic

uphresÐec apì to epÐpedo k�tw apì autì. Gia par�deigma, èna epÐpedo pou parèqei axiìpisth

epikoinwnÐa sto dÐktuo, dèqetai thn diadrom  pou prèpei na akoloujhjeÐ apì to epÐpedo efar-

mog c p�nw apì autì kai qrhsimopoieÐ to k�tw epÐpedo gia thn apostol  kai l yh pakètwn

mèsw aut c thc diadrom c.

H axiìpisth met�dosh plhrofori¸n metaxÔ dÔo upologist¸n apaiteÐ pollèc leitourgÐec

tou diktÔou. H perigraf  twn leitourgi¸n aut¸n ja gÐnei me thn perilhptik  perigraf  twn

epipèdwn tou OSI pou akoloujeÐ [28].

EpÐpedo Efarmog c

To epÐpedo efarmog c parèqei kai pragmatopoieÐ uphresÐec se epÐpedo efarmog¸n hlektroni-

k¸n suskeu¸n mèsw diergasi¸n thc ek�stote efarmog c. EpÐshc, prowjeÐ tic ait seic sto

epÐpedo parousÐashc. Na tonÐsoume ìti autì to epÐpedo parèqei uphresÐec se efarmogèc kai

ìqi �mesa ston qr sth. Gia par�deigma, sto epÐpedo autì orÐzetai to prwtìkollo gia thn

metafor� dedomènwn (file transfer protocol - FTP), all� o qr sthc prèpei na epikalesteÐ to

prwtìkollo mèsw mÐac efarmog c. To montèlo OSI den orÐzei thn diasÔndesh metaxÔ twn

efarmog¸n kai tou epipèdou thc efarmog c. O sqediast c tou logismikoÔ jètei wc proupìje-

sh ta dÔo tm mata tou epipèdou efarmog c na èqoun thn dunatìthta na antall�soun mhnÔmata
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axiìpista, qrhsimopoi¸ntac thn uphresÐa pou touc parèqetai apì to amèswc kat¸tero epÐpedo.

EpÐpedo ParousÐashc

To epÐpedo parousÐashc jètei ton trìpo anapar�stashc dedomènwn gia touc di�forouc tÔpouc

termatik¸n, dedomènou ìti ta termatik� pou summetèqoun sthn epikoinwnÐa mporeÐ na èqoun

diaforetik  sÔntaxh kai format gia thn anapar�stash dedomènwn. 'Etsi, to epÐpedo efarmog¸n

dÐnei ta mhnÔmata sto epÐpedo parousÐashc, to opoÐo ta metatrèpei se k�poia tupopoihmènh

morf  (Session Protocol Data Units) kat�llhlh gia thn met�dosh sto epÐpedo parousÐashc

tou dèkth. Par�llhla, to epÐpedo parousÐashc mporeÐ na ektelèsei k�poiec �llec leitourgÐec

ektìc apì thn metatrop  thc morf c, ìpwc h kruptogr�fhsh/apokruptogr�fhsh dedomènwn.

EpÐpedo Sunìdou

Sto epÐpedo autì gÐnetai o èlegqoc twn sundèsewn/sunìdwn metaxÔ twn upologist¸n. Pio

sugkekrimèna, to epÐpedo sunìdou egkajist�, elègqei kai termatÐzei tic sundèseic metaxÔ to-

pik c kai apomakrusmènhc efarmog c. LeitourgeÐ gia full-duplex, half-duplex kai simplex

diadikasÐec kai orÐzei diadikasÐec termatismoÔ kai epanekkÐnhshc diadikasi¸n. To epÐpedo su-

nìdou mporeÐ epÐshc na epopteÔei thn epikoinwnÐa k�nontac ta dÔo termatik� na sumfwnoÔn

periodik� p�nw se shmeÐa sugqronismoÔ pou qrhsimopoioÔntai gia thn apokat�stash thc epi-

koinwnÐac se perÐptwsh bl�bhc. Sto epÐpedo autì an kei kai to prwtìkollo RTP/RTCP pou

ja perigr�youme parak�tw.

EpÐpedo Metafor�c   DiakÐnhshc

To epÐpedo metafor�c parèqei egguhmènh metafor� twn dedomènwn metaxÔ twn qrhst¸n, pa-

rèqontac axiìpistec uphresÐec metafor�c dedomènwn sta an¸tera epÐpeda. To epÐpedo elègqei

thn axiopistÐa mÐac sugkekrimènhc sÔndeshc mèsw elègqou ro c, elègqou laj¸n ktl. K�poia

apì ta prwtìkolla epipèdou metafor�c krat�ne thn prohgoÔmenh kat�stas  touc kai apote-

loÔn uphresÐec me sÔndesh: autì shmaÐnei ìti to epÐpedo metafor�c mporeÐ na epanametad¸sei

pakèta pou den èftasan ston proorismì touc. An kai den anaptÔqjhkan b�sei tou OSI mon-

tèlou kai den akoloujoÔn pist� touc kanìnec tou montèlou, ta pio gnwst� paradeÐgmata tou
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epipèdou metafor�c eÐnai ta TCP kai UDP. Analutik  perigraf  aut¸n akoloujeÐ parak�tw.

EpÐpedo DiktÔou

To epÐpedo diktÔou parèqei ta leitourgik� kai diadikastik� mèsa gia thn metafor� metablhtoÔ

megèjouc akoloujÐac dedomènwn apì thn phg  ston proorismì mèsw enìc   perissìterwn

diktÔwn, en¸ par�llhla diathreÐ thn poiìthta thc uphresÐac apì �kro se �kro ìpwc aut 

orÐzetai apì to epÐpedo metafor�c. Ed¸ gÐnetai h dromolìghsh twn dedomènwn mèsa apì tic

zeÔxeic an�loga me to pìso sumforhmèna eÐnai di�fora tm mata tou diktÔou. EpÐshc, mporeÐ

na anafèrontai kai l�jh met�doshc pou metafèrontai sto epÐpedo metafor�c gia epexergasÐa.

To pio gnwstì par�deigma tou trÐtou epipèdou OSI èinai to Internet Protocol (IP).

EpÐpedo ZeÔxhc Dedomènwn

K�je pakèto metadÐdetai mèsa apì mÐa zeÔxh wc akoloujÐa apì bits. To epÐpedo zeÔxhc

dedomènwn parèqei ta mèsa gia thn metafor� dedomènwn metaxÔ ontot twn diktÔou kai entopÐzei

kai diorj¸nei ta l�jh pou sumbaÐnoun sto fusikì epÐpedo. Gnwst� prwtìkolla tou epipèdou

eÐnai to Ethernet (802.3), ta asÔrmata 802.11, to Bluetooth (802.15) pou qrhsimopoioÔntai

sta peir�mata thc ergasÐac.

Fusikì EpÐpedo

Gia na metadojeÐ èna pakèto, k�je bit metatrèpetai se èna hlektrikì (  optikì) s ma apì

to fusikì epÐpedo. To fusikì epÐpedo orÐzei ìlec tic hlektrikèc kai fusikèc prodiagrafèc

twn suskeu¸n pou summetèqoun sthn epikoinwnÐa. Pio sugkekrimèna, orÐzei thn sqèsh metaxÔ

thc suskeu c kai tou fusikoÔ mèsou. Ta s mata stèlnontai mèsa apì thn fusik  zeÔxh kai

lamb�nontai sto �llo �kro, ìpou metatrèpontai kai p�li se bits. Diadoqik� bits anasugkro-

toÔntai se pakèta ston dèkth kai paradÐdontai sto epÐpedo zeÔxhc dedomènwn.

Apì ta parap�nw epÐpeda, ekeÐna pou melet jhkan diexodik� eÐnai:

1. To RTP/RTCP sto epÐpedo sunìdou kaj¸c eÐnai to prwtìkollo sunìdou pou brÐskei

eureÐa efarmog  se sust mata met�doshc polumèswn kai ulopoi seic tou sunant¸ntai
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se poll� proiìnta kai ereunhtik� progr�mmata.

2. To UDP prwtìkollo sto epÐpedo metafor�c wc to grhgorìtero prwtìkollo metafor�c,

idiìthta pou qrei�zetai se efarmogèc euaÐsjhtec se kajuster seic.

3. Ta Ethernet, 802.11 kai Bluetooth sto epÐpedo zeÔxhc dedomènwn kaj¸c apoteloÔn

trÐa apì ta pio gnwst� kai eureÐac qr shc prwtìkollo epikoinwnÐac gia ensÔrmatec kai

asÔrmatec zeÔxeic.

Ta prwtìkolla aut� ja perigrafoÔn analutik� parak�tw.

3.2 EpÐpedo Sunìdou - RTP

Ta teleutaÐa qrìnia, h met�dosh apojhkeumènwn polumèswn me suneq  ro  kai h met�dosh

suneqoÔc ro c zwntanoÔ  qou/video èginan dhmofileÐc efarmogèc sta sÔgqrona dÐktua epi-

koinwni¸n. Dedomènou ìti to kìstoc twn apojhkeutik¸n mèswn ja suneqÐzei na mei¸netai me

par�llhlh aÔxhsh tou dunatoÔ q¸rou apoj keushc sthn Ðdia mon�da epif�neiac kai ta sÔg-

qrona dÐktua ja teÐnoun na parèqoun thn, oloèna auxanìmenh, aparaÐthth qwrhtikìthta gia

thn apostol  tìso meg�lou megèjouc dedomènwn, h qr sh twn efarmog¸n aut¸n ja aux�netai

ekjetik� me to pèrasma twn qrìnwn.

Sthn met�dosh  qou/video, oi qr stec zhtoÔn arqeÐa sumpiesmèna me sugkekrimènouc kw-

dikopoihtèc ta opoÐa eÐte eÐnai apojhkeumèna se exuphrethtèc eÐte apostèllontai amèswc met�

thn l yh touc apì thn k�mera. AfoÔ l�bei mÐa aÐthsh apì qr sth, o exuphretht c paradÐdei

to zhtoÔmeno arqeÐo polumèswn stèlnont�c to se èna socket. Sthn pr�xh qrhsimopoioÔntai

ta sockets tìso tou TCP ìso kai tou UDP. Prin thn apstol  tou sto dÐktuo, to arqeÐo qw-

rÐzetai se mikrìtera tm mata kai k�je tm ma enjulak¸netai se eidikèc kefalÐdec kat�llhlec

gia thn apostol  kai l yh dedomènwn polumèswn. Gia ton skopì autìn, mporeÐ na qrhsimopoi-

hjeÐ to prwtìkollo RTP/RTCP (Real-Time Tranfer Protocol/Real-Time Transfer Control

Protocol), to opoÐo perigr�foume sthn sunèqeia ([30],[31],[32]).

3.2.1 RTP

To prwtìkollo RTP parèqei uphresÐec apostol c kai par�doshc pakètwn apì �kro se �kro

gia dedomèna me qarakthristik� efarmog c pragmatikoÔ qrìnou, ìpwc interactive  qoc kai
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eikìna. Merikèc apì tic uphresÐec autèc eÐnai sugkekrimènh enjul�kwsh dedomènwn an�loga me

thn efarmog , arÐjmhsh pakètwn, qronoqartogr�fhsh twn dedomènwn kai èlegqoc paralab c

twn pakètwn. Oi efarmogèc pou basÐzontai sto RTP sun jwc qrhsimopoioÔn sto epÐpedo

metafor�c sockets UDP gia tic idiìthtec pou parèqei se sqèsh me to TCP (perigraf  dÐnetai

parak�tw). To RTP uposthrÐzei metafor� dedomènwn se pollaploÔc proorismoÔc tautìqrona

qrhsimopoi¸ntac thn idiìthta tou multicasting, se perÐptwsh bèbaia pou uposthrÐzetai apì

to ek�stote dÐktuo.

To prwtìkollo RTP, to opoÐo orÐzetai sto èggrafo RFC 3550, mporeÐ na qrhsimopoihjeÐ

gia thn met�dosh koin¸n morf¸n  qou ìpwc oi PCM, GSM kai MP3, kaj¸c kai morf¸n

eikìnac kai video MPEG, H.264 kai Motion-JPEG2000. S mera, to RTP apolamb�nei eureÐac

apodoq c kai ulopoi seic tou sunant¸ntai se ekatont�dec proiìnta ka ereunhtik� prwtìtupa.

Sic upoenìthtec pou akoloujoÔn, ja perigr�youme se b�joc to RTP kai to suntrofikì

tou prwtìkollo, RTCP.

Ta Basik� tou RTP

'Opwc proanafèrjhke, to RTP qrhsimopoieÐ kurÐwc to prwtìkollo metafìrac UDP. O apo-

stolèac qwrÐzei ta dedomèna se mikrìtera tm mata kai k�je èna apì aut� enjulak¸netai se èna

pakèto RTP me sugkekrimènh dom  pou ja perigrafeÐ se epìmenh enìthta. Sthn sunèqeia, to

apotèlesma thc enjul�kwshc aut c, enjulak¸netai peraitèrw se èna pakèto met�doshc UDP.

To pakèto autì paradÐdetai sto epÐpedo diktÔou gia na metadojeÐ sto dÐktuo. Apì thn �llh

pleur�, o dèkthc gnwrÐzei thn dom  twn enjulak¸sewn tou UDP kai tou RTP kai diaqwrÐzei

ta dedomèna apì tic kefalÐdec twn pakètwn. Ta dedomèna tèloc odhgoÔntai proc apokwdi-

kopoÐhsh kai anaparagwg . Me ton trìpo autì, h efarmog  parèqei ston dèkth plhj¸ra

plhrofori¸n wc proc ton tÔpo dedomènwn, ton arijmì pakètou, endeÐxeic qrìnou ktl.

Prèpei na tonÐsoume ìti to RTP apì mìno tou den parèqei mhqanismì pou exasfalÐzei

thn par�dosh twn pakètwn se sten� qronik� perij¸ria oÔte eggÔhsh gia poiìthta par�do-

shc twn pakètwn, all� basÐzetai se �lla prwtìkolla pou kalÔptoun tic uphresÐec autèc.

EpÐshc, den eggu�tai thn par�dosh twn pakètwn oÔte thn paralab  touc me thn swst  sei-

r�. O aÔxwn arijmìc pou perilamb�netai stic kefalÐdec twn pakètwn epitrèpei ston dèkth na
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epanakataskeu�sei swst� thn akoloujÐa, ìpwc epÐshc na apokwdikopoihjoÔn ta pakèta se

diaforetik  seir� afoÔ gnwrÐzoume akrib¸c thn plhroforÐa pou perigr�fetai sta pakèta (gia

par�deigma sthn perÐptwsh tou video). Par� to gegonìc ìti to RTP qrhsimopoieÐtai kurÐwc

gia efarmogèc polumèswn, den periorÐzetai mìno se tètoiou eÐdouc efarmogèc.

OrismoÐ

RTP Payload: prìkeitai gia ton trìpo pou enjulak¸nontai ta dedomèna se pakèta prin

apostalloÔn gia enjul�kwsh se RTP pakèta kai eÐnai diaforetikìc gia touc di�forouc tÔpouc

polumèswn. Sthn ulopoÐhsh mac qrhsimopoi jhke h epÐshmh prìtash gia JPEG2000 arqeÐa

kai perigr�fetai analutik� parak�tw.

RTP pakèto: apoteleÐtai apì ta dedomèna proc apostol , tic kefalÐdec tou payload

gia to sugkekrimèno format arqeÐou kai tic kefalÐdec gia thn dhmiourgÐa tou RTP pakètou.

H dom  twn pedÐwn sthn kefalÐda enìc pakètou RTP perigr�fetai parak�tw.

Port: prìkeitai gia thn jÔra epikoinwnÐac pou qrhsimopoieÐtai apì ta prwtìkolla epi-

koinwnÐac gia na diakrÐnoun ton swstì proorismì apì touc polloÔc pou mporeÐ na èqei to

termatikì. Ta prwtìkolla TCP, UDP anagnwrÐzoun ta ports san akèraiouc arijmoÔc.

DieÔjunsh metafor�c: O sunduasmìc jÔrac epikoinwnÐac kai dieÔjunshc diktÔou

qarakthrÐzoun monadik� ton proorismì mèsa apì èna sÔnolo efarmog¸n kai termatik¸n. Ta

pakèta metadÐdontai apì thn dieÔjunsh thc phg c sthn dieÔjunsh proorismoÔ.

TÔpoc polumèswn: ìpwc èqei anaferjeÐ, to prwtìkollo RTP mporeÐ na qrhsimopoi-

hjeÐ gia thn met�dosh koin¸n morf¸n  qou kai eikìnac. Gia thn di�krish tou tÔpou arqeÐwn

pou metadÐdontai qrhsimopoioÔntai diaforetikoÐ kwdikoÐ arijmoÐ pou qarakthrÐzoun monadik�

ton tÔpo arqeÐwn pou metadÐdetai.

SÔnodoc RTP: H sÔndesh dÔo   perissìterwn termatik¸n metaxÔ touc kai h aposto-

l /l yh arqeÐwn polumèswn metaxÔ twn qrhst¸n. 'Enac qr sthc mporeÐ na summet�sqei se

perissìterec apì mÐa sunìdouc tautìqrona qrhsimopoi¸ntac diaforetik� zeÔgh ports - dieu-

jÔnsewn. 'Oloi oi qr stec mporeÐ na moir�zontai èna zeÔgoc port - dieÔjunshc proorismoÔ,

ìpwc sumbaÐnei sthn perÐptwsh tou multicast,   k�je qr sthc mporeÐ na èqei èna monadikì

zeÔgoc port - dieÔjunshc proorismoÔ, ìpwc sumbaÐnei sthn perÐptwsh tou unicast. Sthn pe-
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rÐptwsh tou unicast, o dèkthc mporeÐ na dèqetai dedomèna apì mÐa   perissìterec phgèc. Gia

ton lìgo autì qrhsimopoioÔntai qarakthristik� stic kefalÐdec twn enjulak¸sewn ¸ste na

diaqwrÐzontai ta lhfjènta pakèta metaxÔ touc, ìpwc oi anagnwristèc SSRC (orÐzetai para-

k�tw) kai CSRC. Oi summetèqontec se mÐa sÔnodo apoteloÔntai apì ekeÐnouc pou mporoÔn

na l�boun ènan anagnwrist  SSRC apì �llo summetèqonta sthn perÐptwsh tou RTP   èna

anagnwrist  CSRC sthn perÐptwsh tou RTCP.

Anagnwrist c phg c (SSRC): Prìkeitai gia deiktodìthsh thc phg c twn pakètwn

mèsw enìc 32-bit arijmoÔ pou brÐsketai sthn kefalÐda tou RTP. 'Ola ta pakèta pou proèr-

qontai apì thn Ðdia phg  anagnwrÐzontai ston dèkth mèsw tou SSRC kai epexerg�zontai sthn

Ðdia sÔnodo me ta  dh lhfjènta pakèta apì thn Ðdia phg .

Anagnwrist c sumballìmenhc phg c (CSRC): qrhsimopoieÐtai stic peript¸seic

pou ta arqeÐa polumèswn proèrqontai apì perissìterec apì mÐa phgèc. Prìkeitai gia mÐa lÐsta

apì SSRC anagnwristèc pou summetèqoun sthn met�dosh twn arqeÐwn. Den melet jhke sta

peir�mata kai den ja analujeÐ parap�nw.

KefalÐdec RTP

'Opwc faÐnetai kai sthn eikìna 3.2, ta pedÐa sthn kefalÐda enìc pakètou RTP eÐnai ta ex c:

Sq ma 3.2: KefalÐda RTP

• version (V): anagnwrÐzei thn ekdosh tou RTP. Mègejoc pedÐou 2 bits.
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• padding (P): to pedÐo autì plhroforeÐ gia thn Ôparxh prìsjetwn bits sto tèloc tou

pakètou pou den apoteloÔn mèroc tou payload twn dedomènwn. Ta prìsjeta aut� bits

mporeÐ na qrei�zontai se sugkekrimènouc algìrijmouc kwdikopoÐhshc me amètablhto

mègejoc blocks. Mègejoc pedÐou 1 bit.

• extension (X): to pedÐo autì plhroforeÐ gia thn Ôparxh kefalÐdac pèran thc kÔriac

kefalÐdac RTP san epèktash. Mègejoc pedÐou 1 bit.

• CSRC count (CC): to pedÐo autì perièqei ton arijmì twn anagnwrist¸n CSRC pou

akoloujoÔn thn kÔria kefalÐda RTP. Mègejoc pedÐou 4 bits.

• marker (M): den èqei oristeÐ akrib c qrhstikìthta tou sugkekrimènou pedÐou. Sthn u-

lopoÐhsh mac, qrhsimopoieÐtai gia thn deiktodìthsh ìti to sugkekrÐmeno pakèto apoteleÐ

to teleutaÐo pakèto tou arqeÐou pou apostèlletai. Mègejoc pedÐou 1 bit.

• payload type (PT): anagnwrÐzei kai plhroforeÐ ton dèkth gia to eÐdoc arqeÐou pou

apostèlletai. Gia k�je eÐdoc polumèswn orÐzetai diaforetikìc tÔpoc payload ¸ste

oi efarmogèc na mporoÔn na ekmetalleutoÔn ta qarakthristik� touc. Sthn perÐptwsh

mac, èqoume ulopoi sei to payload gia JPEG2000 arqeÐa kai perigr�fetai se epìmenh

enìthta. Mègejoc pedÐou 7 bits.

• sequence number: prìkeitai gia aÔxonta arijmì pou deiktodoteÐ thn seir� apostol c

twn pakètwn. K�je pakèto qarakthrÐzetai apì ton arijmì autì kai qrhsimopoieÐtai apì

ton dèkth gia topojèthsh twn pakètwn se seir�. Se perÐptwsh pou èqei qajeÐ pakèto

kat� thn met�dosh, mporeÐ na brejeÐ apì ton sequence number poio pakèto q�jhke

akrib¸c kai Ðswc na zhthjeÐ h epanamet�dosh tou. Mègejoc pedÐou 16 bits.

• timestamp: to pedÐo autì antikatoptrÐzei th qronik  stigm  thc deigmatolhyÐac tou

pr¸tou byte sto pakèto dedomènwn RTP. O dèkthc qrhsimopoieÐ aut n thn plhrofo-

rÐa gia na exaleÐyei thn diakÔmansh kajustèrhshc kat� thn met�dosh twn pakètwn kai

gia na parèqei sÔgqronh anaparagwg . To timestamp par�getai apì ena qronìmetro

deigmatolhyÐac ston apostolèa. Me ton trìpo autì, orÐzetai èna qronikì shmeÐo ana-

for�c ¸ste na gÐnei h omal  anaparagwg  twn polumèswn ston dèkth. To qronìmetro

suneqÐzei na aux�netai me stajerì rujmì akìmh kai ìtan h phg  twn dedomènwn eÐnai

anenerg . Mègejoc pedou 32 bits.

• SSRC: To pedÐo SSRC èqei mègejoc 32 bits. ProsdiorÐzei thn phg  dedomènwn RTP.

Tupik�, k�je reÔma dedomènwn se mÐa sÔnodo RTP èqei diaforetikì prosdioristikì
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SSRC. To SSRC den eÐnai h dieÔjunsh IP tou apostolèa all� ènac arijmìc ton opoÐo

anajètei tuqaÐa h phg  ìtan xekin� mÐa nèa ro  dedomènwn. H pijanìthta na tejeÐ to

Ðdio SSRC se dÔo roèc dedomènwn eÐnai polÔ mikr . Se aut  thn perÐptwsh, epilègetai

kainoÔria tim  SSRC.

3.2.2 RTCP

To Real-Time Transport Control Protocol (RTCP) apoteleÐ prwtìkollo epikoinwnÐac pou

mporeÐ na qrhsimopoihjeÐ gia met�dosh polumèswn se sunduasmì me to RTP. To prwtìkollo

orÐzetai sto èggrafo RFC 3550.

To RTCP parèqei plhroforÐec elègqou thc sunìdou RTP se xeqwrist  ro  dedomènwn.

SunodeÔei thn apostol  kai l yh twn pakètwn RTP all� den perilamb�nei dedomèna polu-

mèswn. QrhsimopoieÐtai periodik� gia thn apostol  pakètwn elègqou stouc summetèqontec

thc sunìdou ta opoÐa koinopoioÔn statistik� stoiqeÐa ta opoÐa ja mporoÔsan na eÐnai qr sima

gia thn efarmog . Ta statistik� stoiqeÐa perilamb�noun ton arijmì twn bytes pou èqoun sta-

leÐ, ton arijmì twn pakètwn pou èqoun staleÐ kai ton arijmì twn pakètwn pou q�jhkan kat�

thn met�dosh, thn kajustèrhsh met�doshc pakètwn, ton mègisto qrìno par�doshc pakètwn

metaxÔ phg c kai proorismoÔ, ktl. Oi plhroforÐec autèc mporoÔn na qrhsimopoihjoÔn apì

thn efarmog  gia na aux sei thn poiìthta thc uphresÐac, mei¸nontac thn poiìthta eikìnac  

qrhsimopoi¸ntac diaforetikì kwdikopoiht .

TÔpoi pakètwn RTCP

To RTP epitrèpei èna eÐdoc pakètwn proc met�dosh - autì to opoÐo perièqei dedomèna. Se

pollèc peript¸seic, up�rqei an�gkh gia mhnÔmata ta opoÐa perièqoun plhroforÐec sqetikèc me

thn poiìthta thc uphrsÐac. Tèoiou eÐdoc pakèta eÐnai ta pakèta tou RTCP. To RTCP èqei

pènte eÐdh pakètwn   mhnum�twn: anafor� apostolèa, anafor� paral pth, m numa perigraf c

phg c, m numa apoq¸rhshc, m numa efarmog c.

• Anafor� apostolèa: H anafor� apostolèa apostèlletai periodik� apì touc energoÔc

pompoÔc se mÐa sÔnodo gia na anafèroun statistik� stoiqeÐa met�doshc kai l yhc gia

ìla ta RTP pakèta. H anafor� perilamb�nei pedÐa ìpwc apìluto timestamp, to opoÐo
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eÐnai o arijmìc twn deuterolèptwn apì thn 1h IanouarÐou 1970, to prosdioristikì SSRC,

ton arijmì pakètwn kai bytes pou èqoun apostalleÐ.

• Anafor� paral pth: prìkeitai gia thn anafor� paralhpt¸n thc sunìdou. Oi anaforèc

autèc enhmer¸noun touc apostoleÐc gia thn poiìthta thc uphresÐac. PedÐa thc ana-

for�c eÐnai to prosdioristikì SSRC, to pl joc twn pakètwn pou q�jhkan, o arijmìc

akoloujÐac tou teleutaÐou pakètou pou paral fjhke, h diakÔmansh kajustèrhshc sthn

met�dosh pakètwn.

• M numa perigraf c phg c: apostèlletai periodik� kai perièqei prìsjetec plhroforÐec

gia thn phg  ìpwc ìnoma, e-mail, arijmìc thlef¸nou kai dieÔjunsh tou qr sth.

• M numa apoq¸rhshc: apostèlletai apì mÐa phg  pou prìkeitai na egkataleÐyei thn

sÔnodo.

• M numa efarmog c: epiplèon mhnÔmata an�loga me thn efarmog .

Apì ta parap�nw qrhsimopoioÔme mìno thn anafor� paral pth kai to m numa apoq¸rhshc.

3.2.3 JPEG2000 Payload

Prin thn enjul�kwsh twn dedomènwn se RTP pakèta, h akoloujÐa bits prèpei na enjulakwjeÐ

se pakèta JPEG2000 pou parèqoun plhroforÐec ston dèkth gia to perieqìmeno twn dedo-

mènwn. Gia ton sqediasmì thc dom c tou payload pou ekmetalleÔetai se mègisto bajmì tic

dunatìthtec tou JPEG2000, lamb�noume up'ìyin ta ex c:

• Pijanìthta ap¸leiac pakètwn: Sto Internet, 5% twn pakètwn kat� mèso ìro q�non-

tai kai se orismènec peript¸seic to posostì autì mporeÐ na anèljei se 20%. Gia ton

diaqwrismì twn JPEG2000 arqeÐwn se RTP pakèta, prèpei na brejeÐ apotelesmatikìc

trìpoc diaqwrismì thc akoloujÐac ¸ste na elaqistopoihjoÔn ta probl mata apokwdi-

kopoÐhshc lìgw qamènwn pakètwn. Se perÐptwsh pou h basik  kefalÐda tou arqeÐou

qajeÐ, to arqeÐo den apokwdikopoieÐtai.

• JPEG2000 scalability: ìpwc èqei anaferjeÐ se prohgoÔmeno kef�laio, to JPEG2000

parousi�zei idiaÐterec dunatìthtec wc proc thn stadiak  met�dosh thc akoloujÐac kai

gia ton lìgo autì eidikoÐ markers mporoÔn na oristoÔn sto payload gia na ekmetalleu-

joÔn autèc oi dunatìthtec.
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Dom  kefalÐdac RTP Payload JPEG2000

Gia k�je RTP pakèto, h kefalÐda tou RTP akoloujeÐtai apì thn kefalÐda tou RTP payload

JPEG2000, h opoÐa tèloc akoloujeÐtai apì ta dedomèna proc apostol . Ta mèrh thc RTP

kefalÐdac èqoun perigrafeÐ parap�nw, opìte ja epikentrwjoÔme sthn kefalÐda tou RTP

payload JPEG2000. MÐa eikìna thc dom c thc kefalÐdac faÐnetai sthn eikìna 3.3.

Sq ma 3.3: RTP payload gia to JPEG2000

Ta pedÐa thc kefalÐdac eÐnai ta ex c:

• tp (type): perigr�fei ton trìpo me ton opoÐo sar¸netai h eikìna (stadiak�   interlaced).

Epeid  qrhsimopoioÔme p�nta stadiak  s�rwsh, to pedÐo èqei p�nta thn tim  0. Mègejoc

pedÐou 2 bits.

• MHF (Main Header Flag): upodeiknÔei e�n h basik  kefalÐda   mèroc thc basik c

kefalÐdac thc eikìnac brÐsketai sto pakèto (eikìna 3.4). E�n to pakèto den perièqei

Sq ma 3.4: Qr seic pedÐou MHF

mèroc thc basik c kefalÐdac, to MHF èqei tim  0. E�n up�rqei mèroc thc kefalÐdac sto



77

pakèto   to teleutaÐo tm ma thc kefalÐdac, to MHF paÐrnei thn tim  1   2 antÐstoiqa.

Tèloc, an olìklhrh h kefalÐda brÐsketai sto pakèto proc apostol , to MHF paÐrnei

thn tim  3. Mègejoc pedÐou 2 bits.

• mh-id (Main Header Identification): eÐnai qr simo se eidikèc peript¸seic kai den qrh-

simopoieÐtai sthn ulopoÐhsh mac. Den ja analujeÐ peraitèrw. Mègejoc pedÐou 3 bits.

• T (Tile field invalidation flag): deÐqnei an to perieqìmeno tou pedÐou tile number (peri-

gr�fetai parak�tw) eÐnai ègkuro. Mègejoc pedÐou 1 bit.

• Priority: to pedÐo autì perigr�fei thn spoudaiìthta twn dedomènwn pou perièqontai

sto sugkekrimèno pakèto. Tupik�, uyhl  proteraiìthta èqoun ta dedomèna thc basik c

kefalÐdac kai twn kefalÐdwn twn tiles. Oi timèc kumaÐnontai apì 0 mèqri to 255 me tic

mikrìterec timèc na deÐqnoun megalÔterh proteraiìthta. Mègejoc pedÐou 8 bits.

• Tile number: perièqei ton arijmì tou tile pou perièqetai sto pakèto. 'Eqei isqÔ mìno

ìtan to pedÐo T eÐnai 0. Epeid  h kwdikopoÐhsh pou k�noume stic eikìnec dhmiourgeÐ

èna mìno tile (me mègejoc Ðdio me autì thc eikìnac), to pedÐo autì to parablèpoume.

Mègejoc pedÐou 16 bits.

• R (Reserved): pedÐo gia mellontik  qr sh. Mègejoc pedÐou 8 bits.

• fragment offset: perigr�fei thn apìstash twn dedomènwn tou pakètou apì thn arq 

thc akoloujÐac tou arqeÐou. QrhsimopoieÐtai gia th met�dosh tou Ðdiou arqeÐou apì

pollaplèc phgèc opìte den qrhsimopoieÐtai sthn perÐptwsh mac. Mègejoc pedÐou 24

bits.

3.2.4 Org�nwsh pakètwn

O apostolèac prèpei na diaqwrÐsei to arqeÐo JPEG2000 se pakèta ¸ste na ekmetalleujeÐ

tic dunatìthtec tou protÔpou JPEG2000 kai tic idiaiterìthtec tou ek�stote diktÔou. Prin

proqwr soume, orÐzoume wc tm ma pakètou eÐte thn kefalÐda tou JPEG2000 arqeÐou eÐte thn

kefalÐda twn tiles eÐte dedomèna thc eikìnac JPEG2000. Arqik�, o apostolèac qwrÐzei thn

akoloujÐa JPEG2000 se tm mata pakètou kai enjulak¸nei ta tm mata aut� se kefalÐdec

RTP Payload JPEG2000 kai RTP. O qr sthc mporeÐ na topojet sei ìsa tm mata pakètou

jèlei se èna pakèto RTP arkeÐ na mhn uperbaÐnei to mègisto epitrepìmeno mègejoc twn RTP

pakètwn. Sthn ulopoÐhsh mac, qwrÐzoume thn basik  kefalÐda tou JPEG2000 apì ta upìloipa
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Sq ma 3.5: Org�nwsh pakètwn RTP

dedomèna, ta opoÐa qwrÐzoume peraitèrw se tm mata twn 2300 bytes. To mègejoc autì eÐnai

aujaÐreto kai mporeÐ na all�xei apì ton qr sth thc efarmog c. MÐa apeikìnish twn parap�nw

faÐneta sthn eikìna 3.5. Se perÐptwsh pou to mègejoc twn tmhm�twn uperbaÐnei to mègisto

epitrepìmeno mègejoc twn RTP pakètwn, ta tm mata prèpei na diaqwristoÔn peraitèrw.

3.3 EpÐpedo Metafor�c - UDP/TCP

'Opwc proanafèrame, to epÐpedo metafor�c analamb�nei thn metafor� kai par�dosh dedo-

mènwn se sugkekrimènouc proorismoÔc sto dÐktuo. H met�dosh aut  perilamb�nei statistik 

poluplexÐa twn dedomènwn apì di�forec diadikasÐec ìpwc sqhmatismìc twn pakètwn, prìsje-

sh dieujÔnsewn proorismoÔ sthn kefalÐda tou pakètou ktl. pou ìlec mazÐ apoteloÔn èna

prwtìkollo epipèdou metafor�c. Ta dÔo pio gnwst� prwtìkolla metafor�c eÐnai to TCP

(Transmission Control Protocol) kai to UDP (User Datagram Protocol).

3.3.1 TCP

To TCP parèqei axiìpisth, taxinomhmènh met�dosh bits, kat�llhlh gia efarmogèc ìpwc email

kai metafor� arqeÐwn. To prwtìkollo eggu�tai thn paralab  twn dedomènwn ston proorismì

qwrÐc ap¸leia   peritt  epan�lhyh pakètwn, qrhsimopoi¸ntac bebai¸seic l yhc kai epana-

metadìseic pakètwn. Me ton trìpo autì o paral pthc prèpei na apant sei me epibebaÐwsh

gia k�je swstì pakèto pou dèqetai. Apì thn �llh pleur�, o apostolèac krat�ei istori-

kì twn pakètwn pou den èqei l�bei epibebaÐwsh kai se perÐptwsh ap¸leiac pakètou, xekin�

epanamet�dosh.

To TCP èqei kefalÐda pou perièqei plhroforÐec sqetikèc me thn dieÔjunsh phg c kai

proorismoÔ, arijmì epibebaÐwshc, arijmì pakètou ktl. ApoteleÐtai apì thn kefalÐda kai ta

dedomèna ìpwc faÐnetai kai sto sq ma 3.6. To TCP dèqetai dedomèna apì to epÐpedo sunìdou
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Sq ma 3.6: KefalÐda TCP

kai qwrÐzei ta pakèta se segments, ta opoÐa odhgoÔntai sto epÐpedo diktÔou. H diadikasÐa

apostol c dedomènwn tou TCP qwrÐzetai se treic f�seic:

• Egkat�stash sÔndeshc

• Metafor� dedomènwn

• Termatismìc sÔndeshc

Me ton trìpo autì, to TCP katanal¸nei perissìtero qrìno se sqèsh me to UDP, to opoÐo

mporeÐ na metadìsei pakèta amèswc. H idiìthta aut  tou TCP den to kajist� kat�llhlo gia

efarmogèc real-time ìpou h par�metroc tou qrìnou kai thc kajustèrhshc eÐnai shmantik .

3.3.2 UDP

Apì thn �llh pleur�, to UDP den parèqei thn axiopistÐa pou prosfèrei to TCP. Ta pakèta

UDP (Datagrams) mporeÐ na ft�soun ston paral pth ektìc seir�c, Ðswc me peritt  epan�lh-

yh,   mporeÐ na mhn ft�soun ston proorismì touc. Me ton trìpo autì apofeÔgetai h qronik 

epib�runsh tou elègqou paralab c pakètwn kai ètsi to UDP parousi�zei taqÔthta kai apote-

lesmatikìthta se efarmogèc pou den eÐnai shmantik  h par�dosh ìlwn twn pakètwn. EpÐshc,

efarmogèc stic opoÐec o qrìnoc eÐnai shmantikìc par�gontac gia thn omal  touc leitourgÐa

protimoÔn to UDP kaj¸c kajuster seic gia thn apostol  kai l yh epibebai¸sewn eÐnai a-

nepijÔmhtec. Tèloc, antÐjeta me to TCP, to UDP eÐnai sumbatì me multicasting apostolèc

pakètwn, shmantikì gia real-time streaming video. H dom  tou pakètou UDP apoteeÐtai apì

thn kefalÐda kai ta dedomèna kai faÐnetai sto sq ma 3.7.
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Sq ma 3.7: KefalÐda UDP

3.3.3 SÔgkrish UDP - TCP

SÔmfwna me ta parap�nw, to TCP qarakthrÐzetai apì axiopistÐa sthn met�dosh mèsw twn

epibebai¸sewn gia thn swst  l yh twn pakètwn kai thn epanamet�dosh pakètwn se perÐptw-

sh l�jouc. EpÐshc, ta pakèta TCP den ft�noun ektìc seir�c, gegonìc pou dieukolÔnei ton

dèkth sthn epexergasÐa twn pakètwn. 'Omwc, ta qarakthristik� aut� kajistoÔn to prw-

tìkollo argì gia efarmogèc pou eÐnai euaÐsjhtec se kajuster seic lìgw epibebai¸sewn kai

epanametadìsewn.

Apì thn �llh, to UDP den qarakthrÐzetai apì axiopistÐa kaj¸c leÐpoun oi epibebai¸seic

swst c l yhc pakètwn kai oi epanametadìseic, en¸ ston dèkth mporeÐ na up�rqoun ektìc

seir�c pakèta   pakèta pou epanametadìjhkan �dika. Autì aux�nei thn poluplokìthta thc

epexergasÐac ston dèkth. 'Omwc ta qarakthristik� aut� kajistoÔn to prwtìkollo grhgo-

rìtero se sqèsh me tn antÐpalo tou, idiìthta pou qrei�zetai se efarmogèc euaÐsjhtec se

kajuster seic.

Gia touc lìgouc autoÔc kai lìgw thc fÔshc thc efarmog c pou anaptÔssoume, epilègoume

to prwtìkollo UDP wc prwtìkollo metafor�c gia thn met�dosh twn pakètwn JPEG2000.

3.4 EpÐpedo zeÔxhc dedomènwn

Wc proc to epÐpedo zeÔxhc dedomènwn, den ja anaferjoÔme sta prwtìkolla tou Ethernet

kai tou 802.11 kaj¸c aut� qrhsimopoioÔntai kat� kìron stic sÔgqronec epikoinwnÐec kai

up�rqoun pollèc anaforèc sthn pagkìsmia bibliografÐa. Sthn upoenìthta aut , ja k�noume

mÐa sÔgkrish metaxÔ asÔrmathc kai ensÔrmathc met�doshc kai ja anaferjoÔme pio analutik�

ston trìpo pou leitourgeÐ to Bluetooth.
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3.4.1 AsÔrmath vs. EnsÔrmath Met�dosh

H asÔrmath met�dosh prosdÐdei tìso pleonekt mata ìso kai meionekt mata sthn epikoinwnÐa

metaxÔ twn termatik¸n se sqèsh me thn ensÔrmath met�dosh dedomènwn. Parak�tw, pa-

rajètoume merik� apì aut� ètsi ¸ste na èqoume mÐa pr¸th eikìna gia thn leitourgÐa tou

sust matoc se asÔrmatec zeÔxeic ([33],[34]).

Pleonekt mata AsÔrmathc ènanti EnsÔrmathc Met�doshc: Up�rqoun poll�

profan  pleonekt mata pou odhgoÔn sth qr sh thc asÔrmathc epikoinwnÐac, ta opoÐa sun jwc

basÐzontai sthn adunamÐa thc ensÔrmathc met�doshc na ta ulopoi sei. Merik� apì aut� eÐnai

ta ex c:

• Qrhstikìthta: apoteleÐ to kat�exoq n pleonèkthma ènanti thc ensÔrmathc epikoinwnÐac.

Me thn asÔrmath sÔndesh, apì thn stigm  pou to termatikì brÐsketai sthn perioq 

ekpomp c enìc Access Point, eÐnai sundedemèno me to dÐktuo. 'Etsi, apofeÔgontai oi

sundèseic mèsw kalwdi¸n kai exoikonomeÐtai kìstoc apì thn sÔndesh kai egkat�stash

ìlwn twn termatik¸n sto dÐktuo.

• Periorismìc apìstashc: Up�rqoun peript¸seic pou h apìstash (m koc kalwdÐou) meta-

xÔ tou dromologht  diktÔou kai tou termatikoÔ eÐnai tètoia ¸ste na èqoume exasjènish

s matoc kai upob�jmish thc poiìthtac sÔndeshc. Oi asÔrmatec zeÔxeic uperskelÐzoun

to prìblhma autì kaj¸c ulopoioÔn sundèseic ’line-of-sight’ me ton dromologht . H

èntash tou s matoc gia tic asÔrmatec sundèseic kumaÐnetai apì 30 e¸c 100 mètra gia

eswterikoÔc q¸rouc kai 300 mètra gia upaÐjriouc q¸rouc (an�loga me ta empìdia pou

paremb�llontai). Profan¸c, h asÔrmath sÔndesh xepern� kat� polÔ to mègisto epitre-

pìmeno m koc kalwdÐou gia ensÔrmath sÔndesh pou eÐnai 100 mètra.

• TÔpoc suskeu¸n: Lìgw thc exèlixhc thc teqnologÐac kai thc oloèna auxanìmenhc

qr shc kinht¸n suskeu¸n (kinht� thlèfwna kai upologistèc, PDAs, ktl), h asÔrmath

sÔndesh despìzei wc h mình lÔsh gia ton trìpo met�doshc polumèswn metaxÔ termati-

k¸n.

Prob mata AsÔrmathc Met�doshc: H poiìthta thc asÔrmathc sÔndeshc ephre�ze-

tai arnhtik� apì polÔ perissìterouc par�gontec se sqèsh me thn ensÔrmath met�dosh. Oi
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par�gontec autoÐ eÐnai sun jwc exwgeneÐc (èqoun sqèsh kurÐwc me to perib�llon pou leitour-

geÐ to asÔrmato dÐktuo) kai prokaloÔn exasjènish tou s matoc. MerikoÔc apì autoÔc touc

par�gontec perigr�foume perilhptik� parak�tw.

• Exasjènish s matoc lìgw sunjhk¸n perib�llontoc: Epeid  to asÔrmato dÐktuo pro-

orÐzetai kai gia exwterikoÔc q¸rouc, prèpei na dwjeÐ idiaÐterh prosoq  stic sunj kec

pou mporeÐ na epikratoÔn sto qronikì di�sthma thc sÔndeshc. MerikoÐ apì touc pa-

r�gontec pou mporeÐ na ephre�soun thn epikoinwnÐa eÐnai fusik� empìdia (ktÐria, dèntra

ktl.), broq , qiìni, omÐqlh sunj kec atmìsfairac (rÔpansh, ugrasÐa, diakum�nseic jer-

mokrasÐac). Oi par�gontec, se exairetikèc bèbaia peript¸seic, mporoÔn na prokalèsoun

exasjènish tou s matoc, parembol  metaxÔ sundèsewn pou brÐskontai ston Ðdio q¸ro

ktl.

• Fainìmeno Multipath: Paramìrfwsh lìgw tou fainomènou multipath onom�zetai h pa-

ramìrfwsh pou prokaleÐtai ìtan to ekpempìmeno s ma ft�nei ston dèkth mèsw perisso-

tèrwn tou enìc diadrom¸n. To fainìmeno autì prokaleÐtai apì anakl�seic tou s matoc

se nerì, lìfouc   yhl� ktÐria. Sthn qeirìterh perÐptwsh, to anakl¸meno s ma ft�nei

ston dèkth thn Ðdia stigm  me to s ma pou st�ljhke all� me diaforetik  f�sh me a-

potèlesma to �jroisma aut¸n na allhloexoudeter¸nei ta dÔo s mata. Se mÐa �llh

perÐptwsh, to anakl¸meno s ma mporeÐ na ft�sei ston dèkth me kajustèrhsh kai na dh-

miourg sei paramìrfwsh sta s mata pou akoloujoÔn. Autèc eÐnai k�poiec peript¸seic

pou mei¸noun thn poiìthta thc asÔrmathc sÔndeshc.

• Parembol  apì �lla asÔrmata dÐktua: to prwtìkollo 802.11 leitourgeÐ sthn perio-

q  twn 2.4GHz, pou eÐnai gnwst  wc ISM band (Industrial Scientific Medical band).

Sthn Ðdia perioq  leitourgoÔn kai �lla prwtìkolla diktÔwn ìpwc kai mikrokÔmata kai

up�rqei perÐptwsh na gÐnei parembol  shm�twn kai �ra paramìrfwsh sta s mata pou

apostèllontai.

'Ola ta parap�nw prèpei na lhfjoÔn up�ìyin prin thn egkat�stash kai sÔndesh termatik¸n

se asÔrmato dÐktuo.
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3.4.2 Bluetooth

To Bluetooth eÐnai èna asÔrmato prwtìkollo epikoinwnÐac mikr¸n apost�sewn gia metafor�

fwn c kai dedomènwn metaxÔ stajer¸n  /kai kinht¸n suskeu¸n. Basikìc skopìc dhmiourgÐac

tou Bluetooth  tan h an�ptuxh enìc koinoÔ prwtokìllou yhfiak c asÔrmathc epikoinwnÐac me

to opoÐo ja mporoÔn na sundèontai diaforetikèc suskeuèc kai ja uperskelÐzontai probl ma-

ta sugqronismoÔ kai sumbatìthtac metaxÔ aut¸n. Oi suskeuèc autèc mporeÐ na eÐnai kinht�

thlèfwna, upologistik� sust mata, ektupwtèc, GPS suskeuèc, yhfiakèc mhqanèc, paiqnido-

mhqanèc, ktl ([35],[36]).

Basikèc arqèc Bluetooth

Par� to gegonìc ìti sqedi�sthke apì mhdenik  b�sh, oi basikèc arqèc tou prwtokìllou

Bluetooth den eÐnai diaforetikèc apì ekeÐnec pou qrhsimopoioÔntai sta prwtìkolla Ethernet

kai 802.11. Tìso to Bluetooth ìso kai ta Ethernet kai 802.11 moir�zontai tic Ðdiec arqèc

wc proc thn epikoinwnÐa kai thn metafor� dedomènwn metaxÔ suskeu¸n. Basik  diafor�

metaxÔ twn prwtokìllwn aut¸n eÐnai to gegonìc ìti h apìdosh Bluetooth basÐzetai se meg�lo

bajmì sthn apìstash metaxÔ twn suskeu¸n, se antÐjesh me ta Ethernet kai 802.11 pou den

ephre�zontai shmantik� apì ton par�gonta thc apìstashc (gia apost�seic termatik¸n pou

den xepernoÔn ta 50 mètra). H diafor� aut  ephre�zei shmantik� ton trìpo me ton opoÐo

suskeuèc aniqneÔoun kai epikoinwnoÔn �llec suskeuèc.

O trìpoc me ton opoÐo dhmiourgeÐtai sÔndesh metaxÔ dÔo suskeu¸n basÐzetai sto poia su-

skeu  stèlnei to pr¸to pakèto dedomènwn gia thn arqikopoÐhsh thc sÔndeshc. O diaqwrismìc

twn suskeu¸n sthn sÔndesh gÐnetai me touc tÐtlouc �sÔndesh exìdou� kai �sÔndesh eisìdou�,

k�ti antÐstoiqo me touc rìlouc client - server. H diadikasÐa èqei wc ex c:

1. H suskeu  pou dèqetai ta dedomèna dhmiourgeÐ mÐa sÔndesh eisìdou - epilègei to prw-

tìkollo metafor�c dedomènwn kai sthn sunèqeia eisèrqetai se kat�stash anamon c prin

arqÐsei na dèqetai dedomèna.

2. H suskeu  pou jèlei na steÐlei dedomèna dhmiourgeÐ mÐa sÔndesh exìdou - epilègei

thn suskeu  sthn opoÐa jèlei na steÐlei ta dedomèna kai to prwtìkollo metafor�c

dedomènwn prin arqÐsei thn metafor� dedomènwn.
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3. Met� ton sugqronismì twn suskeu¸n, h diadikasÐa metafor�c dedomènwn eÐnai perÐpou

Ðdia me ta prwtìkolla epikoinwnÐac Ethernet kai 802.11.

Ta parap�nw b mata kai o susqetismìc thc diadikasÐac Bluetooth me ekeÐnh twn Ethernet kai

802.11 faÐnontai sta sq mata 3.8 kai 3.9.

Sq ma 3.8: SÔndesh eisìdou Bluetooth
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Sq ma 3.9: SÔndesh exìdou Bluetooth
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Arqitektonik  Bluetooth

H arqitektonik  tou Bluetooth akoloujeÐ thn diastwm�twsh tou montèlou OSI gegonìc pou

aplopoieÐ thn ulopoÐhsh suskeu¸n Bluetooth all� kai dieukolÔnei thn suggraf  twn mer¸n

tou prwtokìllou pou basÐzontai se logismikì. H arqitektonik  Bluetooth parousi�zetai sto

sq ma 3.10. Ta pio shmantik� mèrh perigr�fontai perilhptik� parak�tw:

Sq ma 3.10: Arqitektonik  Bluetooth

• EpÐpedo Radiosuqnot twn (RF): prìkeitai gia to fusikì epÐpedo epikoinwnÐac tou Blue-

tooth. Ed¸, t bits metatrèpontai se s mata kai antÐstrofa me diamìrfwsh kai apodia-

mìrfwsh, parèqontac so yhlìtero epÐedo mÐa ideat  ro  bits.



87

• EpÐpedo Baseband: sto epÐpedo autì gÐnetai h paketopoÐhsh twn dedomènwn pou èrqontai

apì to epÐpedo radiosuqnot twn kai ed¸ gÐnetai h diaithsÐa qr shc tou kanalioÔ. H

diadikasÐa dhmiourgÐac pakètwn eÐnai autìmath kai den qrei�sthke na epèmboume sthn

leitourgÐa tou epipèdou.

• EpÐpedo diepaf c elègqou (Host Control Interface - HCI): To epÐpedo autì prosfèrei

sta str¸mata pou brÐskontai p�nw apì autì prìsbash se leitourgÐec qamhlìterwn

epipèdwn. EÐnai ulopoihmèno en mèrei se logismikì pou trèqei sthn suskeu  Bluetooth

kai en mèrei se logismikì pou trèqei sthn suskeu  sthn opoÐa eÐnai sundedemènh h

suskeu  Bluetooth. 'Etsi, epitugq�netai diafan c epikoinwnÐa twn programm�twn thc

suskeu c elegkt  me th suskeu  Bluetooth p�nw se opoiod pote dÐaulo epokoinwnÐac.

• EpÐpedo logik¸n kanalÐwn (L2CAP): parèqei sta uyhlìtera str¸mata pollapl� ka-

n�lia p�nw apì mÐa zeÔxh. Epeid  to prwtìkollo utì ja qrhsimopoihjeÐ sthn ulopoÐhsh

mac, perigr�fetai analutik� parak�tw.

• RFCOMM: To epÐpedo autì prosomoi¸nei to prwtìkollo RS-232 gia seiriak  epikoi-

nwnÐa p�nw apì to epÐpedo L2CAP. MazÐ me to L2CAP apoteloÔn to epÐpedo metafor�c

dedomènwn tou prwtokìllou Bluetooth. Perigr�fetai perissìtero analutik� parak�tw.

• Prwtìkollo anak�luyhc uphresi¸n (Service Discovery Protocol - SDP): To epÐpedo

autì epitrèpei mÐa suskeu  na anakalÔyei tic uphresÐec pou prosfèroun oi suskeuèc

pou brÐskontai se kontin  apìstash. Den qrhsimopoieÐtai sta peir�mata kai den ja

perigrafeÐ peraitèrw.

Epipèdo radiosuqnot twn

IsqÔc epikoinwnÐac

Oi suskeuèc Bluetooth qwrÐzontai se treic kathgorÐec isqÔoc epikoinwnÐac - h mình diafo-

r� metaxÔ touc eÐnai ta epÐpeda isqÔc sthn met�dosh dedomènwn. To sq ma 3.11 sunoyÐzei ta

qarakthristik� twn kl�sewn aut¸n. Sqedìn ìla ta kinht� thlèfwna, ta Bluetooth akousti-

k�, ta upologistik� susthm�ta kai �llec suskeuèc kajhmerin c qr shc an koun sthn deÔterh

kathgorÐa. Oi suskeuèc thc pr¸thc kl�shc qrhsimopoioÔntai gia eidikèc peript¸seic, en¸ oi

suskeuèc thc trÐthc kl�shc parousi�zoun periorismènec dunatìthtec kai den qrhsimopoioÔntai.
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Sq ma 3.11: KathgorÐec isqÔoc Bluetooth

Oi apost�seic pou anafèrontai ston pÐnaka apoteloÔn proseggÐseic kai potè den anta-

pokrÐnontai sthn pragmatikìthta. Se pragmatikèc sunj kec, to eÔroc epikoinwnÐac mÐac su-

skeu c Bluetooth diaforopoieÐtai shmantik� apì tic sunj kec perib�llontoc. ToÐqoi, ktÐria,

dèntra kai �lla empìdia ephre�zoun thn isqÔ tou s matoc. EpÐshc, �llec asÔrmatec teqno-

logÐec pou qrhsimopoioÔntai se kontinèc apost�seic ìpwc to prwtìkollo 802.11, mporeÐ na

ephrre�soun thn leitourgÐa twn suskeu¸n Bluetooth.

TaqÔthta epikoinwnÐac

'Opwc me to eÔroc epikoinwnÐac, ètsi kai h taqÔthta epikoinwnÐac mÐac sÔndeshc Bluetooth

eÐnai dÔkolo na ektimhjeÐ me akrÐbeia. Jewrhtik�, dÔo suskeuèc pou sundèontai me èna kan�li

epikoinwnÐac èqoun mègisth taqÔthta met�doshc dedomènwn sta 732.2 Kbps gia asÔmmetrh

met�dosh kai 433.9 Kbps gia amfÐdromh met�dosh. Sthn pragmatikìthta, oi taqÔthtec au-

tèc eÐnai onomastikèc timèc kai oi taqÔthtec met�doshc eÐnai polÔ mikrìterec apì autèc tic

timèc lìgw jorÔbou sta kan�lia epikoinwnÐac kai tou overhead lìgw twn kefalÐdwn apì ta

prwtìkolla met�doshc se k�je pakèto dedomènwn.

'Opwc k�je asÔrmath mèdojoc epikoinwnÐac, h isqÔc tou s matoc upobajmÐzetai tetragw-

nik� se sqèsh me thn apìstash metaxÔ twn suskeu¸n. Dedomènou ìti ta asjen  s mata eÐnai

perissìtero epirrep  se l�jh lìgw jorÔbou, h mègisth taqÔthta axiìpisthc met�doshc metaxÔ

twn suskeu¸n èqei �nw ìrio pou orÐzetai apì thn apìstash metaxÔ touc. Epomènwc, kat� thn

sÔndesh suskeu¸n gia thn met�dosh dedomènwn, kal  praktik  eÐnai h dhmiourgÐa sust matoc

pou anèqetai qamhlèc taqÔthtec epikoinwnÐac kai ap¸leia pakètwn lìgw asjenoÔc s matoc.

Apì to 2004 èqei parousiasteÐ to nèo prwtìkollo Bluetooth 2.0 to opoÐo èqei tripl�sia

taqÔthta met�doshc se sqèsh me ton prìgono tou (2178 Kbps gia asÔmmetrh kai 1306 Kbps

gia amfÐdromh met�dosh). Den up�rqoun pollèc suskeuèc pou ikanopoioÔn to prwtìkollo
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autì al� problèpetai sÔntoma to megalÔtero posostì aut¸n na epikoinwneÐ me to nèo prìtupo.

Qarakthristik� pompoÔ

Gia na eÐnai eleÔjerh h qr sh twn suskeu¸ Bluetooth epilèqjhke na leitourgoÔn sthn

perioq  twn 2.4GHz, pou eÐnai gnwst  wc ISM band (Industrial Scientific Medical band).

Autì shmaÐnei ìti oi suskeuèc Bluetooth qrhsimopoioÔn tic Ðdiec radiosuqnìthtec me tic su-

skeuèc mikrokum�twn, asÔrmathc met�doshc 802.11 kai k�poiwn eidik¸n kinht¸n thlef¸nwn.

Autì pou k�nei to prwtìkollo Bluetooth na diafèrei apì autèc tic suskeuèc eÐnai h teqnik 

tou channel hopping. Pio sugkekrimèna, to Bluetooth qwrÐzei thn perioq  twn 2.4GHz se

79 diaforetikèc perioqèc suqnot twn tou 1MHz (se antÐjesh me to prwtìkollo 802.11 pou

qwrÐzei thn perioq  twn 2.4GHz se perioqèc twn 5MHz), stic opoÐec metaphd� h suskeu 

kat� thn met�dosh kai l yh dedomènwn kai ètsi den prokaleÐtai parèmbash metaxÔ twn su-

skeu¸n, kaj¸c se mÐa tètoia perÐptwsh oi suskeuèc all�zoun tuqaÐa se mÐa �llh suqnìthta

leitourgÐac. K�je suskeu  Bluetooth ekpèmpei gia di�sthma 625msec kai èpeita all�zei perio-

q  suqnot twn. Profan¸c, dÔo suskeuèc pou epikoinwnoÔn metaxÔ touc prèpei na all�zoun

perioq  suqnot twn tautìqrona, ¸ste na mporoÔn na metadÐdoun dedomèna sthn Ðdia p�nta pe-

rioq  suqnot twn. H epilog  thc epìmenhc suqnìthtac leitourgÐac gÐnetai me èna yeudotuqaÐo

trìpo.

H diadikasÐa thc periodik c allag c suqnot twn k�nei to Bluetooth pio anektikì stic

paremb�seic apì �lla radiokÔmata kai epitrèpei pollèc suskeuèc Bluetooth na brÐskontai

stn Ðdio q¸ro. Neìterec ekdìseic tou Bluetooth qrhsimopoioÔn thn adpative frequency hop-

ping teqnik , ìpou oi suskeuèc anagnwrÐzoun tic perioqèc suqnot twn me tic perissìterec

paremb�seic kai megalÔtera epÐpeda jorÔbou kai frontÐzoun na apofeÔgoun thn metap dhsh

se ekeÐnec tic perioqèc.

EpÐpedo metafor�c dedomènwn - L2CAP kai RFCOMM

Diaforetikèc efarmogèc èqoun diaforetikèc apait seic wc proc thn poiìthta thc epikoinw-

nÐac, gi�autì kai ta di�fora prwtìkolla metafor�c dedomènwn. 'Alla prwtìkolla parèqoun

axiopistÐa sthn met�dosh eis�gontac kajuster seic sthn met�dosh, en¸ �lla prospajoÔn

na metad¸soun egkaÐrwc ta pakèta agno¸ntac thn poiìthta epikoinwnÐac. To prwtìkollo
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Bluetooth perièqei di�fora prwtìkolla metafor�c dedomènwn, poll� apì ta opoÐa dhmiour-

g jhkan gia eidikèc efarmogèc. Aut� pou ja melet soume eÐnai ta RFCOMM kai L2CAP kai

perigr�fontai parak�tw.

RFCOMM

To prwtìkollo RFCOMM (Radio Frequency Communications) eÐnai èna prwtìkollo

axiìpisthc met�doshc pakètwn. Parèqei tic Ðdiec uphresÐec kai axiopistÐa me to prwtìkollo

TCP. H basik  diafora me to TCP ègkeitai ston orismì twn jur¸n epikoinwnÐac: se antÐjesh

me to TCP pou parèqei 65.535 diaforetikèc jÔrec, to RFCOMM epitrèpei mìno 30. Kat� ta

�lla, parousi�zei Ðdia leitourgÐa me to TCP.

L2CAP

To prwtìkollo L2CAP (Logical Link Control and Adaptation Protocol) eÐnai èna prw-

tìkollo metafor�c pakètwn me di�fora epÐpeda axiopistÐac. To ex�orismoÔ mègejoc twn pa-

kètwn pou stèlnei to L2CAP eÐnai m kouc 672 bytes, all� mporeÐ na rujmisteÐ e¸c kai 65.535

bytes an�loga me to eÐdoc thc efarmog c. To L2CAP mporeÐ na sugkrijeÐ me to prwtìkol-

lo UDP, all� up�rqoun diaforèc metaxÔ twn dÔo prwtokìllwn pou kajistoÔn to L2CAP

kat�llhlo gia megalÔtero eÔroc efarmog¸n. AntÐjeta me to UDP pou mporeÐ ta pakèta na

ft�soun me diaforetik  seir� ston proorismì, sto L2CAP ta pakèta p�ntote ft�noun ston

dèkth sthn swst  seir�. EpÐshc, to L2CAP mporeÐ na qrhsimopoihjeÐ stic Ðdiec efarmogèc

pou qrhsimopoieÐtai to UDP (kaj¸c uposthrÐzei thn teqnik  best-effort transmission) all�

kai se efarmogèc pou to UDP den eÐnai efarmìsimo. Autì gÐnetai kaj¸c sto L2CAP eÐnai

dunat  h rÔjmish tou mètrou thc axiopistÐac sthn epikoinwnÐa me tic ex c epilogèc:

• Mh epanamet�dosh qamènwn pakètwn.

• Epanamet�dosh qamènwn pakètwn mèqri thn epituq  paralab  touc   sf�lma sÔndeshc.

• Epanamet�dosh qamènwn pakètwn mèqri to pèrac enìc sugkekrimènou qronikoÔ diast ma-

toc, orismènou apì ton qr sth.

An kai h Ôparxh twn epilog¸n aut¸n faÐnetai na prosdÐdoun pleonekt mata ènanti �llwn

prwtokìllwn, h qr sh touc prèpei na gÐnetai me prosoq  kaj¸c mporeÐ na dhmiourg soun

probl mata sthn omal  epikoinwnÐa metaxÔ twn suskeu¸n thc sÔndeshc all� kai suskeu¸n
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pou den summetèqoun sthn epikoinwnÐa. B�sei twn qarakthristik¸n tou L2CAP kai thc su-

sqètis c tou me to UDP, apoteleÐ to prwtìkollo metafor�c dedomènwn pou qrhsimopoi jhke

sta peir�mata mac.

Katast�seic Bluetooth

H leitourgÐa se qamhlì epÐpedo twn suskeu¸n Bluetooth mporeÐ na montelopoihjeÐ san mÐa

mhqan  peperasmènwn katast�sewn, ìpwc faÐnetai kai sto sq ma 3.12. K�je qronik  stigm  h

Sq ma 3.12: Katast�seic Bluetooth

suskeu  Bluetooth mporeÐ na brÐsketai se mÐa mìno kat�stash. O periorismìc autìc ephre�zei

arnhtik� th sumperior� tou Bluetooth lìgw tou qrìnou pou qrei�zetai gia na gÐnoun oi

metab�seic apì kat�stash se kat�stash. Oi katast�seic tou prwtokìllou eÐnai oi ex c:

• Kat�stash anamon c (Standby): prìkeitai gia thn kat�stash sthn opoÐa brÐskontai oi

suskeuèc Bluetooth ìtan den summetèqoun se kamÐa diadikasÐa. Sthn kat�stash aut  h

suskeu  Bluetooth katanal¸nei el�qisth enèrgeia kaj¸c den epiteleÐtai kamÐa leitour-

gÐa ektìc apì thn periodik  met�bash stic katast�seic anÐqneushc ait sewn sÔndeshc

(Page Scan)   anaz thshc (Inquiry Scan). H met�bash aut  eÐnai aparaÐthth gia na mpo-

rèsoun �llec suskeuèc na sundejoÔn me thn suskeu  kai na anakalÔyoun thn Ôparxh

thc, antÐstoiqa.
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• Kat�stash anaz thshc (Inquiry): H diadikasÐa anaz thshc suskeu¸n pou brÐskontai

se kontin  apìstash gÐnetai wc ex c: Arqik� h suskeu  pou jèlei na brei touc geÐtonèc

tou stèlnei m numa anaz thshc kai perimènei apant seic. K�je ap�nthsh perièqei thn

dieÔjunsh thc suskeu c kai èna akèraio pou deÐqnei to eÐdoc thc suskeu c (kinhtì

thlèfwno, upologist c, ktl). Gia perissìterec plhroforÐec ìson afor� tic suskeuèc

pou brÐskontai se kontin  apìstash, h suskeu  prèpei na sundejeÐ me k�je mÐa suskeu 

xeqwrist�.

Genik�, h anaz thsh suskeu¸n eÐnai mÐa qronobìra diadikasÐa. Pio sugkekrimèna, sto

peÐrama pou diex qjhke, dÔo suskeuèc pou brÐskontai se polÔ kontin  apìstash qrei-

�zontai toul�qiston 5 deuterìlepta na allhloanagnwristoÔn, en¸ se arketèc periptw-

seic o qrìnoc autìc anèrqetai se 10 deuterìlepta.

• Kat�stash aÐthshc sÔndeshc (Page): qrhsimeÔei wc endi�mesh kat�stash gia thn me-

t�bash sthn kat�stash sÔndeshc. Sthn kat�stash aut  mpaÐnei mÐa suskeu  ìtan do-

kim�zei na sundejeÐ me mia �llh suskeu  thc opoÐac th dieÔjunsh gnwrÐzei.

• Kat�stash qeirayÐac Master/Slave: sthn kat�stash aut , oi suskeuèc proc sÔnde-

sh stèlnoun metaxÔ touc pakèta qeirayÐac gia thn rÔjmish di�forwn paramètrwn thc

sÔndeshc.

• Kat�stash sÔndeshc (Connection): h kat�stash aut  prokÔptei met� apì mÐa epituqh-

mènh qeirayÐa suskeu c-server kai suskeu c-client. Ed¸, oi suskeuèc èqoun telei¸sei

thn diadikasÐa thc qeirayÐac kai sqhmatÐzoun metaxÔ touc èna mikrodÐktuo. H suskeu 

pou èqei metabeÐ sthn kat�stash sÔndeshc apì thn kat�stash aÐthshc sÔndeshc gÐnetai

h suskeu -server kai ekeÐnh pou ap�nthse sthn aÐthsh gÐnetai suskeu -client.

Qarakthristik� Suskeu¸n Bluetooth

K�je suskeu  Bluetooth qarakthrÐzetai apì mÐa pagkosmÐwc monadik  dieÔjunsh megèjouc

48-bit pou onom�zetai dieÔjunsh Bluetooth   dieÔjunsh suskeu c. H dieÔjunsh aut  eÐnai an-

tÐstoiqh thc Machine Address Code (MAC) dieÔjunshc pou qrhsimopoieÐtai sta prwtìkolla

Ethernet kai 802.11. Oi diejÔnseic Bluetooth, pou orÐzontai thn stigm  thc dhmiourgÐac twn

suskeu¸n, paramènoun monadikèc kaj�ìlh thn di�rkeia zw c twn suskeu¸n. Me ton trìpo

autì, leitourgoÔn san basikì mèso deiktodìthshc twn Bluetooth suskeu¸n.
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Gia na epikoinwn sei mÐa suskeu  Bluetooth me mÐa �llh, prèpei na gnwrÐzei thn Bluetooth

dieÔjunsh tou proorismoÔ. H dieÔjunsh aut  qrhsimopoieÐtai se ìla ta epÐpeda thc epikoinw-

nÐac metaxÔ twn suskeu¸n - apì to fusikì epÐpedo kai thn asÔrmath sÔndesh mèqri to epÐpedo

efarmog¸n. MÐa diafor� me to prwtìkollo Ethernet eÐnai ìti sto teleutaÐo h MAC dieÔjunsh

den faÐnetai sto epÐpedo efarmog¸n kai antikajist�tai apì zeÔgh diejÔnsewn - jur¸n.

Dedomènou ìti 48-bit dieujÔnseic eÐnai polÔ dÔskolo na apomnhmoneujoÔn, oi suskeuèc

Bluetooth mporoÔn na èqoun onìmata gia na xeqwrÐzoun metaxÔ touc. To ìnoma autì emfanÐze-

tai ston qr sth ènanti tou 48-bit arijmoÔ gia na diakrÐnontai oi suskeuèc, all� h Bluetooth

dieÔjunsh eÐnai aut  pou qrhsimopoieÐtai sthn epikoinwnÐa. Se pollèc suskeuèc, ìpwc kinht�

thlèfwna kai upologistèc, to ìnoma autì orÐzetai apì ton qr sth kai den eÐnai upoqrewtikì na

eÐnai monadikì - bèbaia autì mporeÐ na odhg sei se probl mata sÔgkroushc onom�twn metaxÔ

suskeu¸n pou brÐskontai se kontin  apìstash.
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4
An�ptuxh Sust matoc

Gia na melet soume kai na metr soume thn apìdosh tou protÔpou JPEG2000 se peri-

pt¸seic zwntan c met�doshc eikìnwn gia diaforetikèc efarmogèc kai se di�fora perib�llonta,

ja qrhsimopoi soume mÐa seir� apì sen�ria kai trìpouc epexergasÐac kai apostol c gia na

èqoume mÐa oloklhrwmènh eikìna gia thn epÐdosh tou protÔpou. Sto kef�laio autì, arqik�

perigr�foume tic kainoÔriec ulopoi seic, tic allagèc kai tic prosj kec stic biblioj kec pou

k�name gia thn dhmiourgÐa thc efarmog c. AkoloujeÐ h perigraf  tou trìpou apostol c twn

polumèswn kai h perigraf  tou trìpou leitourgÐac tou sust matoc apì thn pleur� tou client

kai tou server. Tèloc, perigr�foume tic suskeuèc pou qrhsimopoi same kai ta qarakthristik�

twn arqeÐwn proc met�dosh.

4.1 UlopoÐhsh sust matoc

To sÔsthma apoteleÐtai apì mÐa seir� pakètwn logismikoÔ/biblioj kec sta opoÐa èginan pol-

lèc allagèc me skopì thn ulopoÐhsh tou sust matoc met�doshc eikìnac kai video. Oi nèec

ulopoi seic, oi prosj kec kai oi allagèc pou èginan gia thn epÐteuxh tou stìqou thc diplw-

matik c perigr�fontai me thn morf  lÐstac parak�tw:

• UlopoÐhsh logismikoÔ diepaf c gia touc qr stec twn dÔo �krwn thc epikoinwnÐac (client-

server). H diepaf  aut  dÐnei thn dunatìthta stouc qr stec (pompì-dèkth/ec) na epi-

lèxoun metaxÔ plhj¸rac epilog¸n gia to eÐdoc thc met�doshc polumèswn. Perissìtera

gia ton trìpo leitourgÐac dÐnontai parak�tw.
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• Enswm�twsh twn bibliojhk¸n Jasper, ImageMagick, Bluez, jRTPlib, X11 sthn efar-

mog  ¸ste ìlec oi parap�nw biblioj kec na qrhsimopoioÔntai gia thn met�dosh, epexer-

gasÐa kai emf�nishc eikìnac kai video.

• Allag  tou trìpou apokwdikopoÐhshc eikìnwn JPEG2000 apì thn biblioj kh Jasper.

Pio sugkekrimèna, èginan pollèc allagèc wc proc to mègejoc tou k¸dika thc biblioj khc

gia thn apokwdikopoÐhsh twn eikìnwn kaj¸c meg�lo mèroc autoÔ den qrhsÐmeue sthn

diadikasÐa kai aÔxane ton qrìno apokwdikopoÐshc.

• Allag  tou trìpou emf�nishc eikìnwn apì thn biblioj kh ImageMagick kai enswm�tw-

sh dunatìthtac emf�nishc allhlouqÐac eikìnwn me thn eisagwg  nèwn sunart sewn sthn

biblioj kh kai me thn bo jeia thc biblioj khc X11.

• Melèth kai qr sh sunart sewn X11 gia thn parap�nw leitourgÐa.

• UlopoÐhsh twn diaforetik¸n trìpwn apostol c kai l yhc dedomènwn (adaptive fram-

erate, adaptive encoding/decoding, scaler). O k¸dikac autìc èqei enswmatwjeÐ sto

logismikì diepaf c twn qrhst¸n me to sÔsthma.

• UlopoÐhsh thc enjul�kwshc JPEG2000 RTP Payload ìpwc aut  orÐzetai apì thn epÐsh-

mh prìtash RTP kai enswm�twsh nèwn stoiqeÐwn se aut  gia thn upost rixh twn dia-

fìrwn epilog¸n apostol c (adaptive framerate, adaptive encoding/decoding, scaler).

Ta parap�nw perigr�fontai perissìtero sthn sunèqeia.

4.2 Biblioj kec

Gia thn dhmiourgÐa tou sust matoc zwntan c met�doshc eikìnwn  tan aparaÐthth h qr sh

pènte bibliojhk¸n pou èqoun na k�noun me thn ulopoÐhsh tou RTP prwtokìllou, thn apokw-

dikopoÐhsh twn JPEG2000 eikìnwn, thn emf�nish twn lambanìmenwn eikìnwn sthn ojình tou

dèkth kai thn asÔrmath met�dosh Bluetooth. Oi biblioj kec autèc eÐnai oi jRTPlib, Jasper,

ImageMagick, X11 kai Bluez pou perigr�fontai parak�tw. Sto tèloc thc upoenìthtac, pa-

rajètoume diagr�mmata pou deÐqnoun thn qr sh twn bibliojhk¸n aut¸n se ìlh thn diadikasÐa

tou pompoÔ kai tou dèkth gia tic peript¸seic Ethernet-802.11 kai Bluetooth.



96

4.2.1 Biblioj kh jRTPlib

Up�rqoun dÔo proseggÐseic gia thn an�ptuxh miac diktuak c efarmog c basizìmenhc sto RTP.

H pr¸th prosèggish apaiteÐ apì ton kataskeuast  thc efarmog c na enswmat¸sei qeirokÐnhta

to RTP. H deÔterh prosèggish apaiteÐ apì ton kataskeuast  thc efarmog c na qrhsimopopoi-

 sei up�rqousec biblioj kec gia to RTP. Merikèc apì autèc tic ulopoi seic eÐnai ta Live555,

ccRTP, VOIPLIB, Vovida, ktl. Sthn ulopoÐhsh mac qrhsimopoi same thn biblioj kh jRT-

Plib, mÐa antikeimenostref  biblioj kh grammènh se C++ h opoÐa bohj� programmatistèc se

efarmogèc pou k�noun qr sh tou prwtokìllou RTP. H biblioj kh parèqei thn dunatìthta

met�doshc kai l yhc dedomènwn mèsw RTP qwrÐc na asqoloÔmaste me jèmata SSRC, qrono-

programmatismoÔ diadikasi¸n kai met�doshc RTCP dedomènwn. O qr sthc apl¸c qrei�zetai

na parèqei sthn biblioj kh to payload twn dedomènwn pou ja metadojoÔn sto dÐktuo kai h

biblioj kh parèqei prìsbash se eiserqìmena dedomèna RTP kai RTCP [37].

4.2.2 Jasper JPEG2000 decoder

Kat� thn dokim  tou sust matoc, parathrhj ke mÐa aux menh polupokìtht sthn live apokw-

dikopoÐhsh twn lambanìmenwn ekìnwn me apotèlesma na argeÐ o dèkthc na emfanÐzei egkaÐrwc

tic eikìnec, na dhmiourgeÐtai kajustèrhsh sthn omal  leitourgÐa kai na en tèlei na èqoume

uperqeÐlhsh dedomènwn sthn stoÐba lambanìmenwn pakètwn kai ap¸leia plhroforÐac. Gia ton

lìgo autì, mei¸same ton k¸dika tou apokwdikopoht  Jasper sto el�qisto gia thn sugkekri-

mènh efarmog . H diadikasÐa aut  ègine me thn apom�krunsh kommati¸n k¸dika pou den èqoun

sqèsh me thn efarmog  kai katan�lwnan arketì qrìno kat� th apokwdikopoÐhsh. Me to trìpo

autì, h epÐdosh tou sust matoc aux jhke dramatik� aux�nontac se ìlec tic peript¸seic to

epitrèpomeno framerate akìma kai kat� 100%. Oi allagèc faÐnontai ston k¸dika tou Jasper

kai den ja analujoÔn peraitèrw.

4.2.3 ImageMagick

Prìkeitai gia mÐa sullog  ergaleÐwn pou dÐnoun thn dunatìthta ston qr sth na dhmiourgeÐ, na

epexerg�zetai kai na sunjètei eikìnec. 'Eqei thn dunatìthta na diab�zei, na metatrèpei kai na

gr�fei eikìnec se mÐa meg�lh poikilÐa kwdikopoi sewn (p�nw apì 100) - sumperilabanomènou
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kai twn JPEG kai JPEG2000 (gia to JPEG2000 qrhsimopoieÐ thn biblioj kh tou JasPer)

kai epitrèpei di�forouc tÔpouc epexergasÐac eikìnwn ìpwc peristrof , megèjunsh, epexerga-

sÐa qrwmatik c apìqrwshc, eidik� efè ktl. H biblioj kh ImageMagick perièqei ìla aut� ta

ergaleÐa se mÐa meg�lh poikilÐa ulopoi sewn: G2F (Ada), MagickCore (C), MagickWand

(C), ChMagick (Ch), ImageMagickObject (COM+), Magick++ (C++), JMagick (Java),

L-Magick (Lisp), NMagick (Neko/haXe), MagickNet (.NET), PascalMagick (Pascal), Perl-

Magick (Perl), MagickWand for PHP (PHP), IMagick (PHP), PythonMagick (Python),

RMagick (Ruby),   TclMagick (Tcl/TK). Sthn perÐptwsh mac, qrhsimopoi same thn ulopo-

Ðhsh MagickCore [38].

Par� tic pollèc dunatìthtec pou parèqei h biblij kh ImageMagick, parèqei mìno thn du-

natìthta emf�nishc mÐac eikìnac met� apì epexergasÐa kai ìqi mÐa akoloujÐa eikìnwn. Lìgw

thc èlleiyhc aut c, prosjèsame sthn bibiloj kh thn dunatìthta gia suneq  emf�nish eikìnwn.

Gia thn prosj kh aut  prostèjhkan nèec sunart seic, èginan allagèc se poll� arqeÐa thc

biblioj khc, afairèjhkan komm�tia k¸dika pou den qrhsimeÔoun sthn diadikasÐa kai qrhsimo-

poi jhkan sunart seic thc biblioj khc grafik¸n X11 (perigr�fetai parak�tw).

4.2.4 X11

EpÐshma onom�zetai X Window System kai prìkeitai gia sÔsthma pou ulopoieÐ èna perib�llon

parajÔrwn se termatik� upologist¸n. Pio sugkekrimèna, apoteleÐ mÐa qamhloÔ epipèdou mèjo-

do gia thn dhmiourgÐa parajÔrwn, gia thn l yh eisìdou apì to qr sth (mèsw plhktrologÐou

  pontikioÔ), gia ton sqhmatismì gramm¸n, grammatoseir¸n, kampul¸n ktl [39].

Gia thn ulopoÐhsh tou sust matoc, qrhsimopoi same arketèc apì tic sunart seic pou

up�rqoun sthn biblioj kh tou prwtokìllou X11 kai aforoÔn kurÐwc thn arqikopoÐhsh tou

parajÔrou kai thn emf�nish thc lambanìmenhc eikìnac.

4.2.5 Bluez

Gia thn ulopoÐhsh tou Bluetooth real-time streaming video sust matoc, qrhsimopoi jhke

h C ulopoÐhsh tou prwtokìllou, BlueZ. H ulopoÐhsh aut  perilamb�nei mia sullog  apì

odhgoÔc suskeu¸n Bluetooth, biblioj kec se gl¸ssa C kai ergaleÐa pou bohjoÔn sthn a-
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n�ptuxh efarmog¸n. Up�rqoun kai �llec ulopoi seic pou perigr�fontai sthn eikìna 4.1

[40]. Dedomènou ìti oi suskeuèc Bluetooth èqoun periorismènec dunatìthtec epexergasÐac

Sq ma 4.1: Bluetooth Biblioj kec

kai mn mhc, epilèqjhke h sugkekrimènh ulopoÐhsh pou parèqei proqwrhmènec dunatìthtec e-

lègqou thc suskeu c Bluetooth se epÐpedo hardware. Par�llhla, h qr sh thc gl¸ssac C

prosdÐdei metafersimìthta sthn efarmog  kaj¸c qrhsimopoieÐtai  dh kat� kìron se antÐstoi-

qec efarmogèc. To Bluez parèqei prìsbash se di�fora epÐpeda tou Bluetooth mèsw BSD

sockets. Sunoptik� oi tÔpoi sockets pou parèqei to Bluez eÐnai oi ex c:

• HCI sockets: epitrèpei thn apeujeÐac apostol  entol¸n sth suskeu  Bluetooth.

• L2CAP sockets: epitrèpei thn apostol  autìnomwn mhnum�twn se seir� p�nw apì mÐa

sÔndesh epipèdou L2CAP.

• SCO sockets: prìkeitai gia sockets gia thn apostol  kai l yh pakètwn  qou.

• RFCOMM sockets: epitrèpoun thn apostol  dedomènwn qwrÐc na diathroÔntai ta ìria

metaxÔ twn memonwmènwn mhnum�twn pou stèlnontai.
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'Opwc èqei anaferjeÐ, stic metr seic mac qrhsimopoi same L2CAP epikoinwnÐa. AfoÔ ta

dedomèna paralhfjoÔn ston dèkth, paramènoun apojhkeumèna e¸c ìtou k�poia efarmog  tou

qr sth ta zht sei. O q¸roc apoj keushc eÐnai xeqwristìc kai stajerìc gia k�je socket. An

ta pakèta paralamb�nontai kai epexerg�zontai apì thn efarmog  qr sth me argì rujmì, telik�

ja èqoume uperqeÐlish tou apojhkeutikoÔ q¸rou kai ap¸leia dedomènwn. H paroq  elègqou

ro c se autì to epÐpedo xefeÔgei apì ta plaÐsia thc leitourgÐac tou L2CAP kai gi�autì de

antimetwtÐzetai. Anamènoume loipìn na èqoume ap¸leiec pakètwn kat� tic metr seic mac.

Sta diagr�mmata 4.2 kai 4.3 faÐnetai o trìpoc me ton opoÐo qrhsimopoioÔntai oi biblioj kec

se ìlh thn diadikasÐa tou pompoÔ kai tou dèkth gia tic peript¸seic Ethernet-802.11 kai

Bluetooth.

Sq ma 4.2: Di�gramma katast�sewn gia thn summetoq  twn bibliojhk¸n sthn perÐptwsh tou
Ethernet-802.11

4.3 Perigraf  trìpwn apostol c

4.3.1 Scaler

H teqnik  tou scaler basÐzetai sthn dunatìthta tou JPEG2000 protÔpou na diaqwrÐzei ta

dedomèna thc eikìnac me sugkekrimèno trìpo ¸ste ta tm mata pou dhmiourgoÔntai na sumb�l-

loun diaforetik� sthn emf�nish thc eikìnac: wc proc thn an�lush, to epÐpedo leptomèreiac

kai tic qrwmatikèc sunist¸sec. Basik�, o lìgoc Ôparxhc thc idiìthtac tou scalability eÐnai h

dunatìthta kwdikopoÐhshc kai met�doshc dedomènwn thc eikìnac me diaforetik  spoudaiìthta

sto telikì apotèlesma. 'Etsi, shmantik� dedomèna gia thn apokwdikopoÐhsh thc eikìnac apo-
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Sq ma 4.3: Di�gramma katast�sewn gia thn summetoq  twn bibliojhk¸n sthn perÐptwsh tou
Bluetooth

stèllontai me eggÔhsh gia thn swst  paralab  touc (epanamet�dosh se perÐptwsh l�jouc,

k¸dikec diìrjwshc laj¸n, ktl) en¸ dedomèna pou apl¸c belti¸noun to apotèlesma mporeÐ

na mhn paralhfjoÔn swst�. 'Omwc, h idiìthta tou scalability mporeÐ na qrhsimopoihjeÐ gia

thn met�dosh prosarmostikoÔ video an�loga me tic sunj kec pou epikratoÔn se asÔrmata kai

ensÔrmata dÐktua. 'Etsi, basikìc skopìc tou sust matoc scaler eÐnai h apostol  real-time

video se eterogen  dÐktua gia thn ikanopoÐhsh twn apait sewn twn qrhst¸n. Oi apait seic

twn qrhst¸n exart¸ntai kurÐwc apì ton tÔpo twn suskeu¸n pou qrhsimopoioÔntai wc terma-

tik� (upologistèc, kinht� thlèfwna, PDA, ktl). O scaler parèqei tic ex c treic epilogèc gia

to tÔpo tou scalability:

• Resolution scalability

• Layer scalability

• Component scalability

Kai oi treic epilogèc mei¸noun thn upologistik  isqÔ pou qrei�zetai gia thn apokwdikopoÐhsh

twn eikìnwn. H ikanìthta aut  eÐnai shmantik  lìgw thc poikilomorfÐac twn suskeu¸n tou

diktÔou wc proc tic dunatìthtec pou parèqoun ([41],[42],[43],[44],[45]).
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4.3.2 Adaptive encoding/decoding

Se prohgoÔmeno kef�laio, apodeÐxame ìti pèran twn dunatot twn tou, to prìtupo parousi�zei

kai uyhl  poluplokìthta kwdikopoÐhshc/apokwdikopoÐhshc. Lìgw thc poikilÐac suskeu¸n,

kai �ra dunatot twn, sto dÐktuo, up�rqoun peript¸seic pou to prìtupo JPEG2000 den e-

Ðnai kat�llhlo gia thn apostol  zwntanoÔ video kai Ðswc �lla prìtupa eikìnac ja apèdidan

kalÔtera. Skopìc tou adaptive encoding/decoding eÐnai akrib¸c h autìmath epilog  tou

kat�llhlou protÔpou kwdikopoÐhshc an�loga me tic sunj kec pou epikratoÔn sto dÐktuo kai

an�loga me thn upologistik  isqÔ twn termatik¸n. Pèran twn JPEG2000, to sÔsthma upo-

sthrÐzei tÔpouc arqeÐwn JPEG (ousiastik� prìketai gia èna sÔsthma M-JPEG) kai PPM.

Apì aut�, to JPEG parousÐazei mikrìterh poluplokìthta apì to JPEG2000 kai mikrìtero

mègejoc arqeÐwn apì ekeÐna tou PPM. AntÐjeta, to PPM den parousi�zei uyhl  poluplo-

kìthta all� dhmiourgeÐ meg�la arqeÐa eikìnac, me apotèlesma na dhmiourgoÔntai probl mata

lìgw qwrhtikìthtac tou kanalioÔ.

4.4 Perigraf  leitourgÐac sust matoc

4.4.1 Server

ArqikopoÐhsh

Arqik�, zhtoÔntai apì ton qr sth di�forec plhroforÐec gia thn met�dosh proc ton dèkth.

Oi plhroforÐec autèc prèpei na sumf¸noun me tic antÐstoiqec plhroforÐec pou eis�gontai

sto termatikì tou dèkth gia thn omal  leitourgÐa tou sust matoc. Oi plhroforÐec èqoun

na k�noun me di�forec paramètrouc thc met�doshc kai parèqoun ston qr sth plhj¸ra epi-

log¸n apì tic opoÐec mporoÔn na bgoun sumper�smata gia thn poiìthta thc sÔndeshc kai

thn epÐdosh tou protÔpou JPEG2000. Oi par�metroi autèc èqoun na k�noun me ton rujmì

apostol c twn eikìnwn (framerate), ton trìpo apostol c kai l yhc twn eikìnwn (adaptive

encoding/decoding   scaler epilog ), thn apokwdikopoÐhsh twn eikìnwn se asprìmaurec  

ìqi (mìno gia thn perÐptwsh tou scaler), thn akoloujÐa pou ja apostalleÐ kai, tèloc, to

mègejoc twn pakètwn proc apostol . Met� ton orismì twn paramètrwn thc met�doshc, o

server phgaÐnei ston kat�llhlo kat�logo eiìnwn (an�loga me tic epilogèc tou qr sth) kai

arqikopoieÐ thn lÐsta eikìnwn proc apostol . Genik�, oi epilogèc èqun wc ex c:
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• Se perÐptwsh pou h met�dosh afor� ègqrwmh anapar�stash kai gÐnei me thn epilog 

scaler, o tÔpoc eikìnwn pou uposthrÐzetai eÐnai mìno JPEG2000, kaj¸c eÐnai qarakthri-

stikì mìno autoÔ tou protÔpou. Sthn perÐptwsh aut , oi analÔseic pou uposthrÐzontai

eÐnai 176x144, 320x240 kai 640x480.

• Se perÐptwsh pou h met�dosh afor� asprìmaurh anapar�stash (epilog  scaler), o

tÔpoc eikìnwn pou uposthrÐzetai eÐnai mìno JPEG2000 kai h an�lush periorÐzetai sta

320x240.

• Se perÐptwsh pou èqei adaptive encoding/decoding, den uposthrÐzetai tautìqrona h

epilog  scaler kaj¸c eÐnai mìno pronìmio tou JPEG2000 protÔpou kai oi an�luseic pou

uposthrÐzontai eÐnai 176x144, 320x240 kai 640x480.

Sthn sunèqeia, o server sundèetai se sugkekrimèno port pou dÐnetai apì ton qr sth,

arqikopoioÔntai h par�metroc tou timestamp gia thn sÔnodo RTP, h par�metroc tou payload

type, to mègisto epitrepìmeno mègejoc pakètou kai dhmiourgeÐtai h sÔnodoc dhmourg¸ntac

èna antikeÐmeno RTPSession me sunart seic thc biblioj khc jRTPlib. AfoÔ arqikopoihjeÐ h

sÔnodoc, zhtoÔntai o arijmìc twn dekt¸n sthn sÔnodo kai ta zeÔgh dieujÔnsewn touc (port

kai IP dieÔjunsh). Sthn perÐptwsh pou up�rqoun perissìteroi tou enìc dèktec, o server

sundèetai se multicast group gia na eÐnai dunat  h multicast met�dosh.

Par�llhla me thn sÔnodo gia thn apostol  eikìnwn, o server sundèetai me ton pr¸to dèkth

thc lÐstac proorism¸n me �llh sÔndesh gia thn l yh pakètwn pou rujmÐzoun thn poiìthta

thc epikoinwnÐac. Oi plhroforÐec pou lamb�nontai apì ton dèkth èqoun na k�noun me ton

rujmì apostol c eikìnwn - se perÐptwsh pou den up�rqoun l�jh sthn epikoinwnÐa zhteÐtai

na auxhjeÐ to framerate en¸ se antÐjeth perÐptwsh na meiwjeÐ - kai me ton tÔpo twn eikìnwn

pou prèpei na apostèllontai (afor� thn adaptive encoding/decoding epilog ).

EpexergasÐa eikìnwn

Prin thn apostol  twn eikìnwn kai sthn perÐptwsh tou scaler, gÐnetai mÐa proepexergasÐa twn

eikìnwn gia na lhfjoÔn k�poiec plhroforÐec gia tic eikìnec proc apostol . Oi plhroforÐec

autèc èqoun na k�noun me thn an�lush thc eikìnac, ton arijmì twn qrwmatik¸n sunistw-

s¸n, ton arijmì twn epipèdwn leptomèreiac kai ton arijmì twn analÔsewn pou uposthrÐzei h
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kwdikopoÐhsh thc eikìnac. An�loga me tic epilogèc tou qr sth, to sÔsthma dialègei ekeÐna

ta offsets pou oriojetoÔn ta dedomèna gia mÐa sugkekrimènh an�lush, epÐpedo leptomèreiac  

qrwmatik c sunist¸sac. Ta offsets aut� qrhsimopoioÔntai apì ton dèkth gia na oriojet sei

thn posìthta thc plhroforÐac pou ja apokwdikopoi sei me apotèlesma na mei¸netai o qrìnoc

apokwdikopoÐhshc. Oi plhroforièc paket�rontai mazÐ me ta dedomèna kai apostèllontai sto

dèkth, ìpwc ja perigrafeÐ kai parak�tw.

TmhmatopoÐhsh eikìnwn

H apostol  twn eikìnwn gÐnetai mèsw UDP sockets gia touc lìgouc pou èqoun anaferjeÐ se

prohgoÔmeno kef�laio. To socket UDP stèlnei mìno dedomèna enjulakwmèna se pakèta UDP.

Epeid  ta pakèta UDP mporoÔn na perièqoun to polÔ 8Kbyte dedomèna, eÐnai aparaÐthto na

qwrÐsoume tic eikìnec se pakèta. O diaqwrismìc gÐnetai me ton ex c trìpo: arqik� qwrÐzetai

h basik  kefalÐda apì ta upìloipa dedomèna kai sthn sunèqeia ta tiles qwrÐzontai metaxÔ

touc. Tèloc, an to mègejoc twn tiles eÐnai sqetik� meg�lo gia na qwrèsei se èna pakèto,

qwrÐzetai kai autì peraitèrw. Sthn perÐptws  mac pou oi eikìnec apoteloÔntai apì èna mìno

tile, qwrÐzetai h basik  kefalÐda apì ta dedomèna tou tile kai to teleutaÐo qwrÐzetai peraitèrw.

DhmiourgÐa JPEG2000 Payload

Met� thn tmhmatopoÐhsh thc eikìnac, k�je komm�ti dedomènwn enjulak¸netai se pakèta proc

apostol . Pio sugkekrimèna, arqik� dhmiourgeÐtai to komm�ti tou JPEG2000 Payload gia to

sugkekrimèno tm ma thc eikìnac ìpwc perigr�fhke se prohgoÔmena kef�laia kai akoloujoÔn

ta dedomèna pou perigr�fontai apì to sugkekrimèno payload. Pèran twn pedÐwn pou perièqei

to epÐshmo JPEG2000 Payload, prosjèsame k�poia dedomèna parap�nw kai to payload sth

perÐptws  mac èqei thn morf  twn sqhm�twn 4.2 kai 4.3:

• Extension: to pedÐo autì apoteleÐtai apì 4 bytes pou perigr�foun thn morf  eikìnac pou

stèlnoume. To pedÐo afor� to adaptive encoding/decoding kai qrhsimopoieÐtai apì ton

dèkth gia na gnwrÐzei th morf  thc eikìnac pou ja apokwdikopoi sei. Oi epitrepìmenec

timèc einai ”.jp2”, ”.jpg” kai ”.ppm”.

• PedÐa twn bytes 4-11: èqoun perigrafeÐ se prohgoÔmeno kef�laio.
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Sq ma 4.4: Morf  payload teleutaÐou pakètou eikìnac JPEG2000

Sq ma 4.5: Morf  payload pakètou eikìnac JPEG2000

• PacketSize: perièqei to mègejoc tou pakètou proc apostol .

• Delay: perièqei ton qrìno pou dapan� h apokwdikopoÐhsh kai emf�nish autoÔ tou kom-

matioÔ dedomènwn sthn ìlh anaparagwg . Qr simo pedÐo gia thn swst  leitourgÐa tou

RTP.

• Offsets: MONO gia to teleutaÐo pakèto k�je eikìnac gia thn perÐptwsh tou scaler.

PerÐeqei ta offsets apì thn arq  tou arqeÐou gia tic di�forec analÔseic, qrwmatikèc

sunist¸sec kai epÐpeda leptomèreiac. Me ton trìpo autì, o dèkthc gnwrÐzei mèqri pio

shmeÐo na apokwdikopoÐhsei thn eikìna b�sei twn epilog¸n pou èkane o qr sthc.

Gia thn perÐptwsh pou qrhsimopoieÐtai adaptive encoding/decoding, den ulopoioÔme sug-

kekrimèno payload kai ta pakèta dedomènwn perilamb�noun epiplèon ta ex c pedÐa (4.4):
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Sq ma 4.6: Morf  pakètou eikìnwn JPEG2000

DhmiourgÐa pakètwn kai apostol 

Met� thn dhmiourgÐa tou JPEG2000 Payload, sqhmatÐzetai to pakèto proc apostol . Autì

apoteleÐtai apo to JPEG2000 Payload akoloujoÔmeno apì to antÐstoiqo komm�ti dedomènwn.

H apostol  twn pakètwn gÐnetai me thn sun�rthsh SendPacket thc biblioj khc jRTPlib h

opoÐa analamb�nei na enjulak¸sei peraitèrw ta dedomèna se pakèto UDP kai na enhmer¸sei

thn sÔnodo.

'Elegqoc poiìthtac sÔndeshc

An� takt� qronik� diast mata, o pompìc dèqetai pakèta apì ton dèkth pou elègqoun thn

poiìthta thc sÔndeshc. Ta pakèta aut� perièqoun plhroforÐec gia ton proteinìmeno rujmì

met�doshc twn eikìnwn (framerate) an�loga me thn poiìthta thc eikìnac ston dèkth. Pio

sugkekrimèna, stic peript¸seic pou up�rqoun l�jh sthn epikoinwnÐa, o dèkthc zht� na meiwjeÐ

to framerate, kai stic peript¸seic pou den up�rqei prìblhma l yhc, zhteÐtai na auxhjeÐ o

rumjìc apostol c. EpÐshc sthn perÐptwsh tou adaptive enconding/decoding, par�llhla me

to framerate, o dèkthc epilègei kai thn morf  twn eikìnwn pou ja apostalloÔn.

4.4.2 Client

ArqikopoÐhsh

Arqik�, arqikopoieÐtai to grafikì perib�llon tou X Server gia ìla ta eÐdh eikìnac pou pija-

nìn ja apokwdikopoihjoÔn. Sthn perÐptwsh mac, gÐnetai arqikopoÐhsh gia apokwdikopoÐhsh

eikìnwn se morf  JPEG2000, JPEG kai PPM. H arqikopoÐhsh gÐnetai me sunart seic pou



106

enswmat¸same sthn biblioj kh tou ImageMagick. Sthn sunèqeia, zhtoÔntai apì ton qr sth

plhroforÐec sqetik� me ton arqikì rujmì met�doshc, to sq ma thc met�doshc (scaler, adap-

tive encoding/decoding, apl  met�dosh), thn an�lush thc eikìnac, ktl. Oi plhroforÐec autèc

prèpei na sumf¸noun me tic antÐstoiqec plhroforÐec pou eis�gontai sto termatikì tou pompoÔ

gia thn omal  leitourgÐa tou sust matoc. Eidik� gia thn perÐptwsh tou scaler, dÐnetai h du-

natìthta ston qr sth na epilèxei na apokwdikopoi sei thn eikìna se mikrìterh an�lush apì

thn prwtìtuph eikìna, se qamhlìterh poiìthta kai sugkekrimèno arimì rwmatik¸n sunistws¸.

EpÐshc, dÐnetai h dunatìthta gia megèjunsh   smÐkrunsh thc telik c eikìnac, diadikasÐa pou

prosjètei jìrubo kai alloi¸nei thn eikìna - h epilog  aut  eÐnai qr simh stic peript¸seic

pou apaiteÐtai megalÔterh an�lush katanal¸nontac mikrìtero qrìno epexergasÐac. Oi epilo-

gèc pou dÐnontai eÐnai Ðdiec me autèc pou perigr�fhkan ston server. Sthn sunèqeia, o client

sundeètai sthn sÔnodo pou èqei arqikopoihjeÐ apì ton pompì me plhroforÐec pou dÐnontai apì

ton qr sth (zeÔgh jur¸n - IP dieujÔnsewn). EpÐshc, k�je client sundèetai se sugkekrimèno

multicast group gia thn perÐptwsh pou sundèeontai perissìteroi tou enìc dèkth me ton pompì.

L yh pakètwn

Met� thn arqikopoÐhsh thc sÔndeshc, o dèkthc mpaÐnei se mÐa kat�stash pou perimènei paket�

proc epexergasÐa apì ton pompì. Se perÐptwsh pou o dèkthc den l�bei dedomèna gia 20 deu-

terìlpta, jewreÐtai ìti eÐte h sÔndesh èqei qajeÐ eÐte o pompìc èqei stamat sei thn apostol 

dedomènwn kai h sÔndesh termatÐzei apì thn pleur� tou dèkth. AntÐjeta, se perÐptwsh pou o

dèkthc l�bei pakèto, proqwr�ei sthn epexergasÐa autoÔ.

EpexergasÐa pakètwn

'Otan o dèkthc l�bei èna pakèto, akoloujeÐ mÐa sugkekrimènh diadikasÐa gia thn epexergasÐa

tou. Ta b mata pou akoloujeÐ eÐnai ta ex c:

1. Arqik�, elègqei an eÐnai to teleutaÐo pakèto mÐac eikìnac. Autì gÐnetai me ton èlegqo

enìc sugkekrimènou pedÐou pou up�rqei sto lambanìmeno pakèto kai onom�zetai marker

bit. To pedÐo autì èqi mègejoc enìc bit kai se perÐptwsh pou eÐnai Ðso me mon�da

shmatodoteÐ ìti prìketai gia to teleutaÐo pakèto eìc frame.
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2. Se perÐptwsh pou to lhjèn pakèto den eÐnai to teleutÐo, o dèkthc apomakrÔnei thn

kefalÐda tou UDP pakètou kai paÐrnei plhroforÐec gia to perieqìmeno tou pakètou apì

ta pedÐa tou JPEG2000 Payload. Pio sugkekrimèna:

(aþ) Arqik� anagnwrÐzei thn kwdikopoÐhsh thc eikìac.

(bþ) Se perÐptwsh pou prìketai gia eikìna JPEG2000, o dèkthc paÐrnei plhroforÐec

gia ta pedÐa type, MHF kaj¸c kai gia to mègejoc twn dedomènwn kai to delay pou

prèpei na lhfjeÐ upìyin gia to komm�ti autì twn dedomènwn.

(gþ) Se perÐptwsh pou prìkeitai gia �llh kwdikopoÐhsh, o dèkthc paÐrnei plhroforÐec

mìno gia to mègejoc twn dedomènwn kai to delay.

(dþ) GnwrÐzontac autèc tic plhroforÐec, o dèkthc desmeÔei mn mh kai pros�ptei sto

tèloc aut c ta nèa dedomèna.

3. Sthn perÐptwsh pou to pakèto eÐnai to teleutaÐo thc eikìnac, o dèkthc k�nei thn Ðdia

diadikasÐa kai episun�ptei ta nèa dedomèna sto tèloc thc mn mhc ìpou apojhkeÔetai

proswrin� h eikìna kai sthn sunèqeia emfanÐzetai (sthn perÐptwsh tou scaler o dèkthc

anakt� pr¸ta ta offsets apì thn kefalÐda tou JPEG2000 Payload gia na ta qrhsimo-

poi sei an�loga me tic epilogèc tou qr sth).

Emf�nish eikìnwn

O dèkth sthn sunèqeia apl¸c fort¸nei thn eikìna apì thn mn mh se èna antikeÐmeno image

thc biblioj khc Imagemagick mèsw thc sun�rthshc BlobToImage. Me thn sun�rthsh aut ,

h biblioj kh antilamb�netai to eÐdoc thc eikìnac kai thn apokwdikopoieÐ gia thn emf�nis  thc

sto X par�juro thc efarmog c. Se perÐptwsh pou den eÐnai dunat  h apokwdikopoÐhsh thc

eÐkonac (eÐte lìgw laj¸n kat� thn met�dosh eÐte lìgw ap¸leiac dedomènwn apì uperqeÐlhsh

tou stack apì ta lambanìmena dedomèna), o dèkthc emfanÐzei thn prohgoÔmenh swst  eikìna

pou èlabe ga na dhmiourghjeÐ h entÔpwsh thc sunèqeiac kai na mhn up�rqoun ken� sthn

akoloujÐa tou video. EpeÐdh prìkeitai gia met�dosh twn eikìnwn se pragmatikì qrìno, den

epilèqjhke h perÐptwsh diìrjwshc laj¸n sthn lhfjeÐsa eikìna, kaj¸c autì ja dhmiourgoÔse

kajustèrhsh sthn anaparagwg  gia tic epìmenec eikìnec.
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'Elegqoc poiìthtac sÔndeshc

Kat� thn l yh twn eikìnwn, o dèkthc upologÐzei to posostì twn eikìnwn pou èlabe swst�  

l�joc. To posostì autì bgaÐnei apì ton arijmì twn lanjasmènwn   swst¸n eikìnwn apì mÐa

seir� diadoqik¸n eikìnwn. Se perÐptwsh pou 3 (  perissìterec) stic 10 diadoqikèc eikìnec

eÐnai l�joc, o dèkthc zht� apì ton pompì na mei¸sei ton rujmì apostol c twn eikìnwn. Apì

thn �llh, an gia 10 suneqìmena frames den up�rqei l�joc, o dèkthc upojètei ìti den up�r-

qei prìblhma sthn met�dosh kai zht� na auxhjeÐ to framerate. Epeid  up�rqei perÐptwsh

to sÔsthma na amfitallantèuetai gÔrw apì èna sugkekrimèno framerate, to sÔsthma apago-

Sq ma 4.7: Morf  pakètou eikìnwn JPEG2000

reÔei thn aÔxhsh tou framerate an prohgoumènwc èqei meiwjeÐ dÔo forèc met� apì aÔxhs 

tou. Par�llhla, gia thn perÐptwsh tou adaptive encoding/decoding, apostèlletai kai h

proteinìmenh kwdikopoÐhsh twn eikìnwn pou prèpei na akolouj sei o pompìc. H epilog  thc

kwdikopoÐhshc gÐnetai me ton ex c trìpo. 'Etsi, morf  pou paÐrnoun ta pakèta elègqou thc

epikoinwnÐac faÐnetai sthn eikìna 4.5.

H diadikasÐa pou akoloujeÐ o server kai o client faÐnontai sthn eikìna 4.6 kai eÐnai Ðdia

gia tic peript¸seic Ethernet, 802.11 kai Bluetooth, ektìc apì to komm�ti tou QoS control

gia thn perÐptwsh tou Bluetooth.

4.5 Perib�llon Metr sewn

4.5.1 Perigraf  termatik¸n

Gia tic metr seic tou sust matoc, qrhsimopoi jhkan 3 diaforetik� upologistik� sust mata

se diaforetikoÔc rìlouc to kajèna an�loga me to sen�rio leitourgÐac pou melet�me. Ta

basik� qarakthristik� twn upologist¸n aut¸n faÐnontai ston pÐnaka 4.1.
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Sq ma 4.8: Di�gramma leitourgÐac server-client

PÐnakac 4.1: Perigraf  Termatik¸n

'Onoma CPU RAM Leitourgikì Ethernet/802.11

MPIRLAS Intel Core Duo 2 - 2.16GHz 3.3Gb Ubuntu 8.04
√
/
√

GESTALD Intel Core 2 - 2.13GHz 1.0Gb Ubuntu 7.10
√
/X

STRAPATSIREN Intel Core 2 - 1.8GHz 2.0Gb Ubuntu 8.04
√
/X
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4.5.2 Ethernet

Gia thn perÐptwsh tou ensÔrmatou diktÔou qrhsimopoi jhke suskeu  dromologht  (router)

gia thn sÔndesh twn tess�rwn termatik¸n tautìqrona sto sÔsthma. Ta qarakthristik� tou

dromologht  kai twn suskeu¸n diasÔndeshc twn termatik¸n perigr�fontai ston pÐnaka 4.2:

PÐnakac 4.2: Perigraf  Suskeu¸n Ethernet

'Onoma Suskeu  Ethernet TaqÔthta EpikoinwnÐac

MPIRLAS Integrated Intel Gigabit Network 10/100/1000 Mbit

GESTALD Integrated Broadcom 5755 Netxtreme 10/100/1000 Mbit

STRAPATSIREN Onboard Marvell 8056 chip 10/100/1000 Mbit

LINKSYS WAG200G 4 x 10/100 Ethernet 10/100 Mbit

Sq ma 4.9: SÔndesh termatik¸n gia thn perÐptwsh tou Ethernet

4.5.3 Prwtìkollo 802.11

Gia thn melèth tou sust matoc me to prwtìkollo asÔrmathc epikoinwnÐac 802.11 qrhsimo-

poi jhke mìno mÐa suskeu  diasÔndeshc kai to router, pou pareÐqe dunatìthta asÔrmathc
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PÐnakac 4.3: Perigraf  Suskeu¸n 802.11

'Onoma Suskeu  802.11 TaqÔthta EpikoinwnÐac

MPIRLAS Intel PRO/Wireless 3945 802.11g 54 Mbit

LINKSYS WAG200G Unknown Product 54 Mbit

met�doshc. Me ton trìpo autì den up rqe apì �kro se �kro epikoinwnÐa metaxÔ twn termati-

k¸n all� asÔrmath met�dosh twn dedomènwn ston dromologht  kai ensÔrmath epanamet�dosh

twn dedomènwn apì ton dromologht  stouc dèktec. H mègisth taqÔthta apì �kro se �kro

metaxÔ pompoÔ - dèkth fr�ssetai apì thn taqÔthta epikoinwnÐac thc asÔrmathc zeÔxhc opìte

mporoÔme na bg�loume k�poia sumper�smata gia thn poiìthta thc asÔrmathc epikoinwnÐac. Ta

qarakthristik� thc asÔrmathc k�rtac epikoinwnÐac kai tou dromologht  wc proc thn asÔrmath

met�dosh faÐnontai ston parak�tw pÐnaka 4.3.

Sq ma 4.10: SÔndesh termatik¸n gia thn perÐptwsh tou 802.11

4.5.4 Suskeuèc Bluetooth

Oi metr seic gia thn perÐptwsh tou Bluetooth ja gÐnoun me th qr sh pragmatik¸n suskeu¸n.

Oi suskeuèc pou eÐqame sthn di�jesh mac kai qrhsimopoi same faÐnontai ston pÐnaka 4.4.
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PÐnakac 4.4: Perigraf  Suskeu¸n Bluetooth

Suskeu  Prwtìkollo Bluetooth SÔndesh KathgorÐa

Integrated System Solution v1.2 USB v1.1 2 (10 mètra)

Bluetooth LevelOne v1.2 USB v1.1 1 (100 mètra)

Sq ma 4.11: SÔndesh termatik¸n gia thn perÐptwsh tou Bluetooth

4.6 Perigraf  peript¸sewn dokim c (test cases)

Gia thn mètrhsh thc apìdoshc tou sust matoc, qrhsimopoioÔme akoloujÐec eikìnwn pou èqoun

diaforetikèc analÔseic kai o dèkthc mporeÐ na epilèxei metaxÔ aut¸n. Oi akoloujÐec autèc

eÐnai se qrwmatikì prìtupo YCbCr, èqoun analÔseic 176x144 (QCIF), 320x240 (CIF) kai

640x480 (VGA) kai faÐnontai ston parak�tw pÐnaka.

H l yh twn eikìnwn aut¸n ègine me webcam Logitech Webcam for Notebooks Deluxe kai

k�nontac qr sh tou ergaleÐou motion se perib�llon linux. To motion eÐnai èna logismikì

anoiqtoÔ k¸dika pou leitourgeÐ san aniqneut c kÐnhshc. Pio sugkekrimèna, antilamb�netai

kÐnhsh sto pedÐo l yhc kai mìno tìte apojhkeÔei thn eikìna pou lamb�nei ekeÐnh thn stigm .

Autì èqei san apotèlesma oi akoloujÐec twn eikìnwn na mhn èqoun stajerì rujmì l yhc

(framerate) all� autì den empodÐzei na qrhsimopoi soume tic akoloujÐec autèc gia thn melèth

tou sust matìc mac, kaj¸c oi eikìnec pou ja apostèllontai ja eÐnai pr¸ta apojhkeumènec

ston pompì.

Gia thn perÐptwsh thc JPEG2000 kwdikopoÐhshc, par�llhla me thn kwdikopoÐhsh thc

eikìnac dhmiourgeÐtai kai èna arqeÐo perieqomènwn (index) thc k�je eikìnac. To arqeÐo autì
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PÐnakac 4.5: Perigraf  perit¸sewn dokim c

AkoloujÐa An�lush Arijmìc frames

176x144Adaptive 176x144 71

320x240Adaptive 320x240 259

640x480Adaptive 640x480 375

176x144Layer 176x144 187

320x240Layer 320x240 259

640x480Layer 640x480 375

320x240Gray 320x240 259

qrhsimopoieÐtai sthn perÐptwsh tou scaler kai perièqei plhroforÐec gia ta qarakthristik� thc

eikìnac, kaj¸c kai ta offsets twn diafìrwn tmhm�twn thc eikìnac apì thn arq  tou arqeÐou

ìpwc to mègejoc thc basik c kefalÐdac, thc kefalÐdac twn tiles, twn dedomènwn ktl. H dom 

pou akoloujeÐ to arqeÐo tou index eÐnai h ex c:

• Image Size

• Progression Order

• Tile Size

• Number of Components

• Number of Layers

• Number of Decompositions

• Precinct Size

• Main Header End Position

• Codestream Size

• Time 0 information (start position, end position...)

• Tile 1 information (start position, end position...)

• ...

• Packet 0 of Tile 0 information (layer num, Resolution num, comp num, start position,

end position...)
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• Packet 1 of Tile 0 information (layer num, Resolution num, comp num, start position,

end position...)

• ...

• Packet 0 of Tile 1 information (layer num, Resolution num, comp num, start position,

end position...)

• ...

• Packet M of Tile N information (layer num, Resolution num, comp num, start position,

end position...)

• Maximum distortion reduction on the whole image

• Total distortion on the whole image
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5
Peir�mata kai Metr seic

5.1 Peript¸seic LeitourgÐac

Gia thn exagwg  metr sewn kai apotelesm�twn apì to sÔsthma, dokim�same di�forouc trìpouc

apostol c dedomènwn kai diaforetik� prìtupa eikìnac gia ta di�fora kan�lia epikoinwnÐac.

Oi diaforetikoÐ trìpoi leitourgÐac eÐnai oi ex c:

• Adaptive framerate: QrhsimopoieÐtai sthn perÐptwsh twn Ethernet kai 802.11 prwto-

kìllwn epikoinwnÐac kai gia ìla ta prìtupa kwdikopoÐhshc eikìnac JPEG, JPEG2000,

PPM. Sthn epilog  aut , to sÔsthma brÐskei mìno tou to megisto rujmì met�doshc

pou uposthrÐzei to termatikì tou dèkth. M e ton trìpo autì, upologÐzoume to mègisto

dunatì rujmì framerate pou mporeÐ na epitÔqei èna sugkekrimèno prìtupo eikìnac gia

tic di�forec analÔseic eikìnac kat� thn prosomoÐwsh tou sust matoc.

• Adaptive encoding/decoding: QrhsimopoieÐtai sthn perÐptwsh twn Ethernet kai 802.11

prwtokìllwn epikoinwnÐac kai gia ìla ta prìtupa kwdikopoÐhshc eikìnac JPEG, JPEG

2000, PPM. Me thn epilog  aut , to sÔsthma all�zei autìmata to prìtupo kwdiko-

poÐhshc eikìnac pou qrhsimopoieÐtai gia thn kwdikopoÐhsh twn eikìnwn an�loga me tic

sunj kec leitourgÐac tou sust matoc. Ta ìria apìfashc èqoun oristeÐ b�sei twn apo-

telèsmatwn thc adaptive framerate epilog c. Pio sugkekrimèna:

1. Gia thn perÐptwsh thc an�lushc 640x480: gia framerate apì 1 e¸c 10 epilègetai

to prìtupo JPEG2000 kai apì 11 kai p�nw to prìtupo JPEG.
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2. Gia thn perÐptwsh thc an�lushc 320x240: gia framerate apì 1 e¸c 3 epilègetai

to prìtupo PPM, apì 3 e¸c 16 epilègetai to prìtupo JPEG2000 kai apì 17 kai

p�nw to prìtupo JPEG.

3. Gia thn perÐptwsh thc an�lushc 176x144: gia framerate apì 1 e¸c 8 epilègetai

to prìtupo PPM, apì 9 e¸c 20 epilègetai to prìtupo JPEG2000 kai apì 21 kai

p�nw to prìtupo JPEG.

• Scaler: QrhsimopoieÐtai sthn perÐptwsh twn Ethernet, 802.11 kai Bluetooth prwtokìl-

lwn epikoinwnÐac kai mìno gia to prìtupo kwdikopoÐhshc JPEG2000. Me thn epilog 

aut , to sÔsthma ekmetalleÔetai thn dunatìthta tou scalability - prìkeitai gia stadia-

k  met�dosh plhroforÐac, domhmènhc me tètoio trìpo ¸ste o qr sthc ston dèkth na

mporeÐ na apomon¸sei tic plhroforÐec pou qrei�zetai gia thn epeikìnish thc eikìnac se

sugkekrimènh an�lush, poiìthta eikìnac kai qrwmatik  apìqrwsh. Poio sugkekrimèna,

oi epÐlogec pou dÐnontai eÐnai:

1. Diaforetikèc analÔseic: dÐnetai h dunatìthta ston qr sth na apokwdikopoÐhsei

ìsh plhroforÐa qrei�zetai gia 4 diaforetikèc analÔseic, upodipl�siec thc arqik c.

P.q. gia video an�lushc 640x480, oi analÔseic pou uposthrÐzontai eÐnai 320x240,

160x120, 80x60, 40x30.

2. Diaforetik  poiìthta eikìnac: dÐnetai h dunatìthta ston qr sth na apokwdikopo-

Ðhsei ìsh plhroforÐa qrei�zetai gia 3 diaforetik� SNR: 25dB, 35dB, 55dB. 'Etsi,

h lambanìmenh eikìna èqei diaforetik  poiìthta se sqèsh me thn prwtìtuph.

3. Qrwmatik  apìqrwsh eikìnac: o qr sthc mporeÐ na dialèxei na apokwdikopoihjeÐ

mìno h Y sunist¸sa thc YCbCr eikìnac, me apotèlesma na p�rei mÐa asprìmaurh

apeÐkonhsh thc arqik c eikìnac.

• Best framerate: QrhsimopoieÐtai sthn perÐptwsh tou Bluetooth prwtokìllou epikoi-

nwnÐac kai gia ìla ta prìtupa kwdikopoÐhshc eikìnac JPEG, JPEG2000, PPM ènanti

tou adaptive framerate. Den melet jhke h perÐptwsh tou adaptive framerate kaj¸c

h epiprìsjeth epikoinwnÐa metaxÔ twn termatik¸n gia thn epilog  tou protÔpou, upo-

b�jmize thn poiìthta epikoinwnÐac. Me thn epilog  aut , dokim�zoume qeirokÐnhta kai
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upologÐzoume to mègisto dunatì rujmì framerate pou mporeÐ na epitÔqei èna sugke-

krimèno prìtupo eikìnac gia tic di�forec analÔseic eikìnac kat� thn prosomoÐwsh tou

sust matoc gia to sugkekrimèno prwtìkollo zeÔxhc dedomènwn.

Ta prìtupa kwdikopoÐshc eikìnac pou qrhsimopoioÔntai gia tic metr seic eÐnai ta ex c:

• JPEG2000: AnalÔjhke diexodik� se prohgoÔmena kef�laia.

• JPEG: Prìkeitai gia to gnwstì ISO/ITU-T prìtupo pou dhmiourg jhke sto tèloc thc

dekaetÐac tou '80. Perigr�fetai perilhptik� se prohgoÔmeno kef�laio.

• PPM: Prìkeitai gia prìtupo eikìnac pou parèqei polÔ basikèc dunatìthtec kai apoteleÐ

mèso apoj keushc eikìnwn prin thn peraitèrw epexergasÐa/kwdikopoÐhsh thc eikìnac.

To PPM format den eÐnai sumpiesmèno kajìlou kai gia autì to lìgo arqeÐa eikìnac

autoÔ tou protÔpou katanal¸noun exairetik� meg�lo q¸ro apoj keushc kai qwrhti-

kìthta kanalioÔ. Lìgw èlleiyhc sugkekrimènhc kwdikopoÐhshc, h apokwdikopoÐhsh kai

emf�nish thc eikìnac den apaiteÐ isqur  epexergastik  isqÔ. ApaiteÐtai ìmwc q¸roc a-

poj keushc kai diajèsimh mn mh. Sta plaÐsia thc ergasÐac, melet�tai wc èna prìtupo

me qamhl  poluplokìthta apokwdikopoÐhshc kai uyhl  katan�lwsh qwrhtikìthtac ka-

nalioÔ se antÐjesh me to JPEG2000 pou parousÐazei uyhl  poluplokìthta kai uyhl 

sumpÐesh.

Sthn melèth den perilamb�name thn perÐptwsh tou H.264/AVC MPEG-4 Part 10, ka-

j¸c to logismikì pou eÐqame sthn di�jesh mac dhmiourgoÔse arqeÐa video apoteloÔmena apì

allhlouqÐa eikìnwn pou den mporoÔn na diaqwristoÔn metaxÔ touc ¸ste na mporèsoume na

aposteÐloume tic eikìnec anex�rthtec metaxÔ touc. Epiplèon, to sugkekrimèno prìtupo parou-

sÐaze uyhlìterh poluplokìthta kwdikopoÐhshc/apokwdikopoÐhshc se sqèsh me to JPEG2000

(ìpwc faÐnetai kai apì thn prosomoÐwsh pou k�name se prohgoÔmeno kef�laio) me apotèlesma

na mhn endeÐknutai gia qr sh se real-time frame-based efarmogèc. Gia touc lìgouc autoÔc,

den melet jhke to prìtupo autì sthn prosomoÐwsh tou sust matoc.

5.2 Metr seic Ethernet

Gia thn perÐptwsh tou Ethernet, sundèsame ìla ta termatik� kai dokim�same ìlec tic dunatèc

peript¸seic leitourgÐac. Arqik�, dokim�same thn perÐptwsh tou adaptive framerate qwrÐc
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thn energopoÐhsh twn epilog¸n scaler   adaptive encoding/decoding. Ta apotelèsmata pou

paÐrnoume gia tic di�forec analÔseic, sthn perÐptwsh tou Ethernet, faÐnontai ston pÐnaka

5.1. Energopoi¸ntac thn epilog  adaptive encoding/decoding, èqoume ta apotelèsmata tou

pÐnaka 5.4. Gia thn epilog  scaler epilègoume dÔo termatik� kai an�lush akoloujÐac 320x240.

Ta apotelèsmata gia tic di�forec analÔseic apokwdikopoÐhshc faÐnontai ston pÐnaka 5.7.

5.3 Metr seic 802.11

AkoloujoÔme thn Ðdia diadikasÐa gia thn perÐptwsh tou asÔrmatou 802.11, paÐrnoume ta apo-

telèsmata pou faÐnontai stouc pÐnakec 5.2, 5.5, 5.8.

5.4 Metr seic Bluetooth

Lìgw periorismènou arijmoÔ suskeu¸n Bluetooth, dokim�zoume tic di�forec peript¸seic gia

thn apostol  kai l yh metaxÔ dÔo mìno suskeu¸n. Ta apotelèsmata gia to prwtìkollo

Bluetooth faÐnontai stouc pÐnakec 5.3, 5.6 kai 5.9.

5.5 Sumper�smata

Sta plaÐsia thc ergasÐac aut c melet same thn sumperifor� tou protÔpou JPEG2000 se

sqèsh me �lla gnwst� prìtupa eikìnac (JPEG, PPM) se efrmogèc polumèswn pragmatikoÔ

qrìnou. Gia thn exagwg  sumperasm�twn wc proc thn epÐdosh kai tic dunatìthtec tou k�je

protÔpou dokim�sthkan ìloi dunatoÐ trìpoi apostol c (adaptive framerate, adaptive encod-

ing/decoding kai scaler) se di�fora kan�lia epikoinwnÐac (Ethernet, 802.11 kai Bluetooth)

kai èginan metr seic wc proc ton mègisto rujmì met�doshc eikìnwn pou mporeÐ na uposthrÐxei

k�je prìtupo gia k�je epilog  kai ton arijmì twn lanjasmènwn eikìnwn ston dèkth.

Gia thn exagwg  twn apotelesm�twn, ektelèsame k�je peÐrama gia 10 epanal yeic kai

bg�lame mèro ìro twn metr sewn pou p rame (to megalÔtero posostì twn peript¸sewn paÐr-

name ta Ðdia apotelèsmata opìte den qrei�sthke na k�noume stroggulopoÐhsh sta apotelèsma-

ta pou p rame). Gia k�je peÐrama kai gia tic metr seic k�je termatikoÔ, ginìtan apostol 

eikìnwn kai sta dÔo termatik� ¸ste na p�roume apotelèsmata se peript¸seic pl rouc lei-

tourgÐac tou sust matoc.
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Gia thn perÐptwsh tou Ethernet qrhsimopoi same kal¸dia 10Base-T gia thn sÔndesh tou

pompoÔ me ton dromologht  kai kal¸dia 100Base-TX gia thn sÔndesh tou dromologht  me

touc dèktec. Ta kal¸dia aut� uposthrÐzoun 10Mbits/sec kai 100Mbits/sec antÐstoiqa. Gia

ton lìgo autì, h olik  sÔndesh periorÐzetai sthn taqÔthta thc argìterhc sÔndeshc pou

eÐnai 10Mbits/sec. Autì exhgeÐ kai thn qamhlìterh epÐdosh tou Ethernet se sqèsh me thn

asÔrmath sÔndesh, ìpwc faÐnetai kai apì ta apotelèsmata. Bèbaia, skìpoc thc ergasÐac den

eÐnai h sÔgkrish twn prwtokìllwn Ethernet kai 802.11 metaxÔ touc all� h sumperifor� tou

sust matoc se diaforetikèc sunj kec leitourgÐac.

EpÐshc, na tonÐsoume ìti h perÐptwsh tou asÔrmatou diktÔou den eÐnai amig¸c asÔrma-

th kaj¸c den eÐqame sthn di�jesh mac perissìterec apì mÐa k�rtec asÔrmathc sÔndeshc. O

trìpoc me ton opoÐo metr same thn asÔrmath sÔndesh  tan o ex c: ta dedomèna apì ton pompì

apostèllontai mèsw asÔrmathc k�rtac ston dromologht  tou diktÔou (router). Ston dromo-

loght  tou sust matoc eÐnai sundedemèna kai ta �lla termatik� mèsw ethernet kai dèqontai ta

dedomèna mèsw kalwdÐwn. Epeid  h taqÔthta sÔndesc mèsw kalwdÐwn Ethernet metaxÔ dekt¸n

kai dromologht  eÐnai uyhlìterh apì aut  tou 802.11 (100Mbits/sec ènanti 54Mbits/sec), h

sunolik  sÔndesh pompoÔ-dèkth fr�ssetai apì thn taqÔthta tou asÔrmatou diktÔou. Opìte,

ta apotelèsmata pou paÐrnoume den mac dÐnoun thn dunatìthta na sumper�noume me asf�leia

gia thn epÐdosh twn dÔo prwtokìllwn all� parèqoun mÐa pr¸th eikìna gia thn epÐdosh tou

sust matoc sta prwtìkolla aut�.

Tèloc, anafèroume ìti sthn perÐptwsh tou Bluetooth den melet jhkan oi peript¸seic

twn adaptive encoding/decoding kai adaptive framerate kaj¸c h parap�nw sÔndesh metaxÔ

pompoÔ-dèkth gia ton èlegqo thc poiìthtac epikoinwnÐac epib�rune thn epikoinwnÐa dedomènwn.

Ta nèa prìtupa Bluetooth den ja parousi�zoun tètoia probl mata.

Arijmìc laj¸n: 'Opwc faÐnetai kai apì touc pÐnakec, pèran tou arijmoÔ framerate, me-

tr�me kai ton arijmì lanjasmènwn eikìnwn (eikìnwn pou den  tan dunat  h emf�nish touc) wc

proc ton sunolikì arijmì twn frames. O arijmìc autìc aux�netai sun jwc ìtan dokim�zoume

to prìtupo sta ìria leitourgÐac tou - ìtan dokim�soume to sÔsthma gia qamhlìtero rujmì

met�doshc, o arijmìc twn laj¸n mei¸netai dramatik�.

O arijmìc twn laj¸n exart�tai apì polloÔc par�gontec:
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1. Upologistik  isqÔ

2. Diajèsimh mn mh

3. Poluplokìthta apokwdikopoÐhshc

4. Diajèsimh qwrhtikìthta diktÔou se sunduasmì me to mègejoc twn arqeÐwn eikìnac

5. Diaforetikèc idiìthtec kanalioÔ

Epeid  oi par�gontec autoÐ ephre�zoun tautìqrona tic prosomoi¸seic kai den mporoÔn na

apomonwjoÔn gia na doÔme thn sumperifor� tou sust matoc gia k�je par�gonta xeqwrist�,

den mporoÔme na bg�loume asfal  sumper�smata gia thn anoq  se l�jh twn protÔpwn kw-

dikopoÐhshc eikìnac. 'Etsi, gia par�deigma, se �llec peript¸seic èqoume l�jh lìgw uyhl c

poluplokìthtac apokwdikopoÐhshc ston dèkth, se �llec peript¸seic lìgw sumfìrhshc di-

ktÔou, se �llec lìgw èlleiyhc diajèsimhc mn mhc   qamhl c upologistik c isqÔoc. EpÐshc,

metaxÔ asÔrmatou kai ensÔrmatou diktÔou up�rqoun diaforèc wc proc thn asf�leia epikoi-

nwnÐac kai ta qarakthristik� tou kanalioÔ. Tèloc, epeid  ta l�jh aut� prokÔptoun kat� thn

diadikasÐa eÔreshc tou mègistou rujmoÔ met�doshc, antistoiqoÔn se l�jh gia diaforetik�

framerate.

5.5.1 Ethernet kai 802.11

Adaptive framerate: Sthn epilog  adaptive framerate, melet�me thn dunatìthta k�je

protÔpou se peript¸seic efarmog¸n pragmatikoÔ qrìnou. Xekin¸ntac se k�je perÐptwsh me

framerate Ðso me mon�da, parathroÔme ton mègisto rujmì met�doshc pou mporeÐ na ft�sei to

k�je prìtupo, elaqistopoi¸ntac tautìqrona ton arijmì lanjasmènwn eikìnwn pou ft�noun

ston dèkth.

Motion-PPM

To PPM parousÐazei qamhl  epÐdosh kaj¸c, par� thn qamhl  poluplokìthta apokwdiko-

poÐhshc, dhmiourgeÐ polÔ meg�la arqeÐa eikìnac me apotèlesma na emfanÐzetai sumfìrhsh sto

dÐktuo kai uperqeÐlhsh twn buffers stouc dèktec kai na empodÐzetai h aÔxhsh tou framerate.

Autì faÐnetai stouc pÐnakec 5.1 kai 5.2. Pio sugkekrimèna, gia thn perÐptwsh tou Ethernet

(pÐnakac 5.1) parathroÔme qamhl  epÐdosh gia uyhl  an�lush (640x480 - framerate 1 kai

320x240 - framerate 3) en¸ to framerate aux�netai dramatik� sthn perÐptwsh thc qamhl c

an�lushc (176x144 - framerate 11). Gia thn perÐptwsh tou 802.11 (pÐnakac 5.2), èqoume ta
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Ðdia apotelèsmata me mÐa mikr  beltÐwsh sthn qamhlìterh an�lush lìgw megalÔterou eÔrouc

tou asÔrmatou kanalioÔ. O lìgoc pou sumbaÐnei autì eÐnai epeid  ta arqeÐa PPM eÐqan mèqri

kai 900kbytes mègejoc (gia thn perÐptwsh thc an�lushc 640x480) en¸ ta arqeÐa JPEG kai

JP2  tan 5 me 6 forèc mikrìtera (to mègejoc twn arqeÐwn den eÐnai stajerì kaj¸c k�je

frame èqei diaforetik� qarakthristik� kai o encoder ekmetalleÔetai me diaforetikì trìpo tic

topikìthtec thc plhroforÐac).

MJPEG

Apì touc pÐnakec gia tic peript¸seic Ethernet kai 802.11 (pÐnakec 5.1 kai 5.2), sumpera-

Ðnoume thn uperoq  tou protÔpou JPEG, kaj¸c se ìlec tic analÔseic eikìnac parousi�zoun

ton megalÔtero rujmì met�doshc. Pio sugkekrimèna, gia thn perÐptwsh tou Ethernet (pÐna-

kac 5.1) parathroÔme polÔ kal  epÐdosh gia uyhl  an�lush (640x480 - framerate 16 kai

320x240 - framerate 21) en¸ to framerate aux�netai dramatik� sthn perÐptwsh thc qamhl c

an�lushc (176x144 - framerate 27). Gia thn perÐptwsh tou 802.11 (pÐnakac 5.2), èqoume thn

Ðdia sumperifor� gia ìlec tic peript¸seic me mÐa beltÐwsh sto framerate pou kumaÐnetai apì 4

e¸c 6 mon�dec lìgw megalÔterou eÔrouc tou asÔrmatou kanalioÔ. Autì ofeÐletai sthn qamh-

l  poluplokìthta apokwdikopoÐhshc twn eikìnwn JPEG ston dèkth kai sthn sqetik� uyhl 

sumpÐesh pou prosdÐdei o algìrijmoc kwdikopoÐhshc JPEG.

MJPEG2000

Tèloc to prìtupo JPEG2000 parousi�zei qeirìterh epÐdosh wc proc to JPEG me diafor�

wc proc ton rujmì met�doshc pou kumaÐnetai apì 1 mèqri 4. Par� thn polÔ uyhl  sumpÐesh

tou JPEG2000 (orismènec peript¸seic mèqri 4 forèc mikrìtera arqeÐa eikìnac se sqèsh me

to JPEG en¸ se �llec peript¸seic dÐnoun to Ðdio mègejoc arqeÐou), h apokwdikopoÐhsh twn

eikìnwn ston dèkth parousÐazei uyhl  poluplokìthta me apotelèsma to sÔsthma na kaju-

stereÐ kai na mhn eÐnai dunat  h aÔxhsh tou framerate. Pio sugkekrimèna, gia thn perÐptwsh

tou Ethernet (pÐnakac 5.1) parathroÔme kal  epÐdosh gia uyhl  an�lush, 1 me 3 mon�dec qa-

mhlìtera apì JPEG (640x480 - framerate 13 kai 320x240 - framerate 19) en¸ to framerate

aux�netai dramatik� sthn perÐptwsh thc qamhl c an�lushc (176x144 - framerate 26). Gia

thn perÐptwsh tou 802.11 (pÐnakac 5.2), èqoume thn Ðdia sumperifor� gia ìlec tic peript¸seic

me mÐa beltÐwsh sto framerate pou kumaÐnetai apì 3 e¸c 5 mon�dec lìgw megalÔterou eÔrouc

tou asÔrmatou kanalioÔ. To gegonìc autì se sunduasmì me thn meg�lh qwrhtikìthta sthn
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met�dosh dedomènwn pou parousi�zoun ta kan�lia Ethernet kai 802.11 epitrèpoun to prìtupo

JPEG na upertereÐ se sqèsh me to JPEG2000.

Adaptive encoding/decoding: H epilog  adaptive encoding/decoding epibebai¸se ìla

ta parap�nw, kaj¸c to sÔsthma apof�size autìmata thn allag  tou kwdikopoiht  /apokw-

dikopoiht  ¸ste sto tèloc na epiteuqjeÐ o mègistoc rumjìc apostol c eikìnwn. Ta apote-

lèsmata gia ta kan�lia epikoinwnÐac Ethernet kai 802.11 faÐnontai stouc pÐnakec 5.3 kai 5.4

antÐstoiqa. Oi kwdikopoi seic pou efarmìzontai sthn epilog  eÐnai oi JPEG, JPEG2000 kai

PPM. Bèbaia na tonÐsoume ìti ta ìria gia thn apìfash allag c kwdikopoÐhshc orÐsthkan apì

em�c b�sei twn apotelesm�twn pou p rame parap�nw. Me thn epilog  aut  den sumperaÐnoume

k�ti parap�nw all� dhmiourgoÔme èna automatopoihmèno sÔsthma met�doshc video pou pro-

sarmìzetai sthn ek�stote sunj kec diktÔou (taqÔthta met�doshc, epexergastik  ikanìthta

termatik¸n, ktl.).

Scaler: H epilog  tou scaler efarmìsthke mìno sto prìtupo JPEG2000 kaj¸c h ikanìthta

tou scalability eÐnai monadik  gia to sugkekrimèno prìtupo. Gia thn epilog  aut  qrhsi-

mopoi jhke allhlouqÐa eikìnwn diaforetik  me ekeÐnh pou melet jhke stic peript¸seic twn

adaptive framerate kai adaptive encoding/decoding. H allhlouqÐa aut  kwdikopoi jhke

diaforetikèc epilogèc kwdikopoÐhshc, pou od ghsan se megalÔtero mègejoc arqeÐwn eikìnac

se sqèsh me eikìnec twn perÐptwsewn adaptive framerate kai adaptive encoding/decoding,

me apotèlesma h sÔgkrish thc epÐdoshc tou scaler me tic �llec epilogèc na mhn eÐnai dìkimh.

Me thn epilog  aut  prosdÐdoume ston qr sth thn dunatìthta na epilègei o Ðdioc thn

an�lush kai thn poiìthta pou epijumeÐ na èqei h lambanìmenh eikìna an�loga me thn epe-

xergastik  ikanìthta thc termatik c suskeu c. Apì ta apotelèsmata kai sta dÔo kan�lia

epikoinwnÐac (Ethernet kai 802.11 - pÐnakec 5.5 kai 5.6 antÐstoiqa), diapist¸noume aÔxhsh

sthn taqÔthta met�doshc eikìnwn ìso o qr sthc epilègei mikrìterh an�lush kai qamhlìte-

rh poiìthta eikìnac se sqèsh me thn prwtìtuph eikìna. Pio sugkekrimèna, parathroÔme mÐa

shmantik  aÔxhsh tou rujmoÔ met�doshc dedomènwn ìtan zhtoÔme mikrìterh an�lush apì thn

kanonik  (diafor� pou kumaÐnetai apì 5 mon�dec mèqri 1 monada - pÐnakec 5.5 kai 5.6) kai o

rÔjmoc aÔxhshc aut c mei¸netai ìso dialègoume oloèna mikrìterec analÔseic se sqèsh me
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thn prwtìtuph eikìna (gia mikrèc analÔseic oi diaforèc diadoqik¸n analÔsewn eÐnai mikrèc kai

èqoun mikr  epÐdrash sthn diadikasÐa thc apokwdikopoÐhshc). EpÐshc, parathroÔme mÐa sh-

mantik  aÔxhsh tou rujmoÔ met�doshc (kai �ra meÐwsh thc poluplokìthtac apokwdikopoÐhshc

ston dèkth) ìtan dialègoume qamhlìterh poiìthta eikìnac gia uyhlèc analÔseic (diafor� thc

t�xewc twn 5 kai 7 mon�dwn - pÐnakec 5.5 kai 5.6) - antÐjeta h aÔxhsh aut  gia tic qamhlèc

analÔseic eÐnai sqetik� mikr  giatÐ h posìthta plhroforÐac pou prostÐjetai gia thn anab�j-

mish thc poiìthtac mÐac qamhl c an�lushc eÐnai polÔ mikr . Gia par�deigma, parathroÔme mÐa

beltÐwsh kat� dÔo mon�dec ìtan epilègoume qamhl  poiìthta apeikìnishc ènanti mètriac poi-

ìthtac apeikìnish gia an�lush 320x240 en¸ èqoume beltÐwsh kat� 6 mon�dec ìtan epilègoume

apeikìnish mètriac poiìthtac ènanti uyhl c gia thn Ðdia perÐptwsh - pÐnakec 5.5 kai 5.6. Se

genikèc grammèc, h epilog  tou scaler dÐnei thn dunatìthta stouc qr stec suskeu¸n me qamhl 

an�lush apeikìnishc kai qamhl c isqÔoc na epilèxoun thn poiìthta thc uphresÐac pou touc

sumfèrei, kerdÐzontac se rujmì met�doshc.

5.5.2 Bluetooth

H perÐptwsh tou Bluetooth melet�tai xeqwrist� kaj¸c all�zoun ta apotelèsmata sÔgkrishc

twn protÔpwn. Arqik� na tonisteÐ ìti den melet jhke h perÐptwsh tou adaptive encod-

ing/decoding kaj¸c h epiprìsjeth epikoinwnÐa metaxÔ twn termatik¸n gia thn epilog  tou

protÔpou, upob�jmize thn poiìthta epikoinwnÐac.

Best framerate: Gia thn perÐptwsh tou Bluetooth kai gia ta di�fora prìtupa kwdikopoÐh-

shc eikìnac, dokim�sthkan ìloi oi pijanoÐ rujmoÐ met�doshc dedomènwn ¸ste na diapist¸soume

thn kalÔterh epÐdosh tou prwtokìllou gia k�je prìtupo xeqwrist�. Ta apotelèsmata pou

p rame faÐnontai ston pÐnaka 5.7 kai perigr�fontai pio analutik� parak�tw.

Motion-PPM

To PPM parousÐazei p�ra polÔ qamhl  epÐdosh kaj¸c, par� thn qamhl  poluplokìthta

apokwdikopoÐhshc, ta meg�la arqeÐa eikìnac gemÐzoun thn, el�qisth gia efarmogèc polumèswn,

diajèsimh qwrhtikìthta tou prwtokìllou me apotèlesma na diarkeÐ arket� deuterìlepta h

apostol  mÐac kai mìno eikìnac (kurÐwc gia thn megalÔterh an�lush). Pio sugkekrimèna, ston

pÐnaka 5.7, parathroÔme exairetik� qamhl  epÐdosh gia lec tic analÔseic (640x480 - framerate
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PÐnakac 5.1: Adaptive framerate gia thn perÐptwh Ethernet

Termatikì An�lush Video Codec Framerate Arijmìc Laj¸n/Eikìnwn

PPM 1 101/375

640x480 JPEG 16 7/375

JP2 13 34/375

PPM 3 13/259

STRAPATSIREN 320x240 JPEG 21 8/518

JP2 19 42/518

PPM 11 11/374

176x144 JPEG 27 6/374

JP2 26 9/374

PPM 1 19/375

640x480 JPEG 16 6/375

JP2 15 22/375

PPM 3 6/259

GESTALD 320x240 JPEG 22 9/518

JP2 20 38/518

PPM 11 10/374

176x144 JPEG 27 5/374

JP2 26 4/374
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PÐnakac 5.2: Adaptive framerate gia thn perÐptwsh 802.11

Termatikì An�lush Video Codec Framerate Arijmìc Laj¸n/Eikìnwn

PPM 1 120/375

640x480 JPEG 20 15/375

JP2 16 27/375

PPM 3 10/259

STRAPATSIREN 320x240 JPEG 28 7/518

JP2 25 43/518

PPM 14 10/374

176x144 JPEG 31 10/374

JP2 29 12/374

PPM 1 22/375

640x480 JPEG 20 14/375

JP2 18 22/375

PPM 3 17/259

GESTALD 320x240 JPEG 28 12/518

JP2 26 39/518

PPM 14 9/374

176x144 JPEG 32 8/374

JP2 32 8/374
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PÐnakac 5.3: Adaptive encoding/decoding gia thn perÐptwsh Ethernet

Termatikì An�lush Video Framerate

640x480 15

STRAPATSIREN 320x240 20

176x144 26

640x480 16
GESTALD

320x240 21

176x144 27

PÐnakac 5.4: Adaptive encoding/decoding gia thn perÐptwsh 802.11

Termatikì An�lush Video Framerate

640x480 19

STRAPATSIREN 320x240 27

176x144 31

640x480 20
GESTALD

320x240 28

176x144 31
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PÐnakac 5.5: Scaler gia thn perÐptwsh Ethernet

Termatikì An�lush Video Poiìthta Framerate Arijmìc Laj¸n/Eikìnwn

Uyhl  7 31/518

320x240 Mètria 13 19/518

Qamhl  15 35/518

STRAPATSIREN Uyhl  12 42/518

320x240 160x120 Mètria 15 56/518

3 Layers Qamhl  16 13/518

Uyhl  15 39/518

40x30 Mètria 17 25/518

Qamhl  18 22/518

Uyhl  8 9/518

320x240 Mètria 14 47/518

Qamhl  16 26/518

GESTALD Uyhl  14 27/518

320x240 160x120 Mètria 15 54/518

3 Layers Qamhl  17 28/518

Uyhl  16 37/518

40x30 Mètria 18 50/518

Qamhl  18 42/518
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PÐnakac 5.6: Scaler gia thn perÐptwsh 802.11

Termatikì An�lush Video Poiìthta Framerate Arijmìc Laj¸n/Eikìnwn

Uyhl  8 39/518

320x240 Mètria 14 37/518

Qamhl  15 53/518

STRAPATSIREN Uyhl  12 34/518

320x240 160x120 Mètria 16 58/518

3 Layers Qamhl  16 30/518

Uyhl  15 22/518

40x30 Mètria 17 41/518

Qamhl  17 31/518

Uyhl  9 28/518

320x240 Mètria 15 49/518

Qamhl  16 32/518

GESTALD Uyhl  14 40/518

320x240 160x120 Mètria 17 61/518

3 Layers Qamhl  17 36/518

Uyhl  15 38/518

40x30 Mètria 17 39/518

Qamhl  18 37/518



129

0.05, 320x240 - framerate 0.2 kai 176x144 - framerate 0.625). Gia ton lìgo autì, to prìtupo

PPM petuqaÐnei polÔ qamhlì rujmì met�doshc (se uyhlèc analÔseic, polÔ qamhlìtero thc

mon�dac) kai ousiastik� den mporoÔme na mil�me gia met�dosh kinoÔmenhc eikìnac kaj¸c den

dÐnetai kajìlou h entÔpwsh thc kÐnhshc.

MJPEG

Apì touc pÐnakec, sumperaÐnoume thn uperoq  tou protÔpou JPEG ènanti tou PPM, ka-

j¸c se ìlec tic analÔseic eikìnac parousi�zoun ton megalÔtero rujmì met�doshc. Pio sug-

kekrimèna, ston pÐnaka 5.7, parathroÔme qamhl  epÐdosh gia ìlec tic analÔseic (640x480 -

framerate 2, 320x240 - framerate 4 kai 176x144 - framerate 5). Autì ofeÐletai sthn duna-

tìthta uyhlìterhc sumpÐeshc twn eikìnwn JPEG pou prosdÐdei o algìrijmoc kwdikopoÐhshc

kat� thn l yh. Kai se aut  thn perÐptwsh p�ntwc, o rÔjmoc met�doshc fr�ssetai apì to

mègejoc twn arqeÐwn (kurÐwc gia uyhlèc analÔseic).

MJPEG2000

Tèloc, gia ìlec tic dunatèc analÔseic, diapist¸same mÐa uperoq  tou protÔpou JPEG2000

ènanti twn JPEG kai PPM. Pio sugkekrimèna, to JPEG2000 xepernoÔse to JPEG kat� di-

pl�sio framerate k�je for� (640x480 - framerate 4 ènanti 2 tou JPEG, 320x240 - framerate

8 ènanti 4 tou JPEG kai 176x144 - framerate 12 ènati 5 tou JPEG). H diafor� aut  ofe-

Ðletai sthn ikanìthta uyhl c sumpÐeshc tou algorÐjmou kwdikopoÐhshc JPEG2000 se sqèsh

me to JPEG pou, se sunduasmì me thn qamhl  qwrhtikìthta dedomènwn tou prwtokìllou

Bluetooth, epitrèpei thn apostol  eikìnwn me megalÔtero rujmì. Epomènwc, sthn perÐptwsh

pou h qwrhtikìthta tou kanalioÔ eÐnai o basikìc par�gontac pou ephre�zei thn met�dosh, to

JPEG2000 xepern� se apìdosh ta JPEG kai PPM.

Scaler: Sthn perÐptwsh tou scaler (pÐnakac 5.8) melet jhke h perÐptwsh tou 176x144 video

se kwdikopoÐhsh JPEG2000 lìgw qamhl c qwrhtikìthtac dedomènwn tou kanalioÔ epikoinw-

nÐac. Epeid  o trìpoc pou leitourgeÐ o scaler den mei¸nei to mègejoc twn arqeÐwn sto dÐktuo

all� thn poluplokìthta apokwdikopoÐhshc ston dèkth kai epeid  h qwrhtikìthta tou kana-

lioÔ Bluetooth eÐnai aut  pou kajorÐzei ton mègisto rujmì met�doshc, se ìlec tic analÔseic

kai se ìla ta epÐpeda poiìthtac o rujmìc met�doshc paramènei stajerìc.
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PÐnakac 5.7: Framerates gia thn perÐptwsh Bluetooth

Termatikì An�lush Video Codec Framerate Arijmìc Laj¸n/Eikìnwn

PPM 0.05 0/518

640x480 JPEG 2 0/518

JP2 4 0/518

PPM 0.2 0/518

STRAPATSIREN 320x240 JPEG 4 0/518

JP2 8 0/518

PPM 0.625 0/518

176x144 JPEG 5 0/518

JP2 12 0/374

PÐnakac 5.8: Scaler gia thn perÐptwsh Bluetooth

Termatikì An�lush Video Poiìthta Framerate Arijmìc Laj¸n/Eikìnwn

Uyhl  12 0/379

176x144 Mètria 12 0/379

Qamhl  12 0/379

STRAPATSIREN Uyhl  12 0/379

176x144 88x72 Mètria 12 0/379

3 Layers Qamhl  12 0/379

Uyhl  12 0/379

44x36 Mètria 12 0/379

Qamhl  12 0/379
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6
Sumper�smata kai Mellontik  ErgasÐa

6.1 Sumper�smata

Sta plaÐsia thc ergasÐac aut c melet same to prìtupo JPEG2000 gia thn qr sh tou se

efarmogèc real-time apostol c polumèswn. Prin thn efarmog  tou JPEG2000 sto sÔsthma

met�doshc video, melet same tic dunatìthtec pou prosfèrei to prìtupo kai sugkrÐname tic

epidìseic tou se di�forouc tomeÐc me �lla prìtupa kwdikopoÐhshc eikìnac kai video.

To JPEG2000 katafèrnei na sundu�zei tic teleutaÐec exelÐxeic ston tomèa thc sumpÐe-

shc eikìnac parèqontac èna enwpoihmèno ergaleÐo tìso gia lossless ìso kai lossy sumpÐe-

sh/aposumpÐesh apì thn Ðdia akoloujÐa dedomènwn kai qrhsimopoi¸ntac ton Ðdio algìrijmo. H

arqitektonik  tou algorÐjmou ektìc thc ikanìthtac sumpÐeshc se osod pote qamhlì bit-rate,

parèqei dunatìthtec pou to k�noun kat�llhlo mèso gia metafor� polumèswn akìma kai se

jorub¸dh asÔrmata dÐktua. 'Alla endiafèronta qarakthristik� eÐnai ta: Region-of-Interest,

scalability, sumpÐesh ègqrwmwn kai duadik¸n eikìnwn, prìsbash se opoiod pote shmeÐo thc

eikìnac kai epexergasÐa autoÔ, ktl.

Apì thn sÔgkrish pou k�name mèsw prosomoi¸sewn metaxÔ tou JPEG2000 me JPEG,

JPEG-LS, diapist¸noume beltÐwsh se di�forouc tomeÐc thc epexergasÐac eikìnac. To JPEG2000

parèqei kalÔterh poiìthta eikìnac, megalÔterh sumpÐesh kai poikilÐa dunatot twn all� kai

uyhlìterh poluplokìthta. EpÐshc, mèsw prosmoi¸sewn, melet same to prìtupo JPWL kai

diapist¸same mÐa axioshmeÐwth beltÐwsh thc poiìthtac met�doshc se sqèsh me thn met�dosh

qwrÐc prostasÐa pou kumaÐnetai apì 1dB mèqri 6dB, an�loga me thn perÐptwsh pou melet�tai
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kai to kan�li met�doshc.

Sthn sÔgkrish me to prìtupo H.264/AVC MPEG-4 Part 10, parathr same apì ta apote-

lèsmata mÐa shmantik  uperoq  tou protÔpou H.264/AVC se ìlec tic peript¸seic all� par�l-

lhla parathr same mÐa auxhmènh poluplokìthta tou H.264/AVC se sqèsh me to JPEG2000

ìpou den sust netai se peript¸seic live streaming efarmog¸n.

Sthn sunèqeia, ulopoi same èna sÔsthma met�doshc video basismèno sto JPEG2000 gia

thn epikoinwnÐa mèsw kanali¸n Ethernet, 802.11 kai Bluetooth. To sÔsthma ekmetalle-

Ôetai tic dunatìthtec tou JPEG2000 gia stadiak  met�dosh kai dÐnei thn dunatìthta ston

dèkth na dialèxei thn an�lush, poiìthta kai qrwmatik  apìqrwsh thc eikìnac an�loga me tic

dunatìthtec thc suskeu c tou dèkth (scaler). EpÐshc, apofasÐzei autìmata ton algìrijmo

apokwdikopoÐhshc ston dèkth an�loga me tic sunj kec tou diktÔou kai thn epexergastik 

isqÔ tou dèkth mèsw thc epilog c tou adaptive encoding/decoding.

Apì tic metr seic pou p rame, sumperaÐnoume ta ex c:

• Stic peript¸seic pou apaiteÐtai mìno mÐa sugkekrimènh an�lush kai poiìthta eikìnac,

to prìtupo JPEG uperèqei el�qista tou protÔpou JPEG2000 gia tic peript¸seic twn

diktÔwn Ethernet kai 802.11 lìgw uyhl c qwrhtikìthtac diktÔou kai qamhl c polu-

plokìthtac apokwdikopoÐhshc tou algorÐjmou JPEG. Se autèc tic peript¸seic, to

JPEG2000 apoteleÐ mÐa polÔ kal  enallaktik  lÔsh me megalÔterh gk�ma dunato-

t twn. AntÐjeta, sthn perÐptwsh tou Bluetooth pou parousi�zei qamhl  qwrhtikìthta,

to JPEG2000 paorusi�zei kaluterh epÐdosh ènanti twn �llwn protÔpwn lìgw uyhl c

sumpÐeshc tou algorÐjmou JPEG2000 pou èqei wc apotèlesma mikr� arqeÐa eikìnac kai

�ra megalÔtero rujmì framerate.

• Stic peript¸seic pou up�rqei eterogèneia stic dunatìthtec twn termatik¸n tou diktÔou

(epexergastik  isqÔc, an�lush ojìnhc, diajèsimh mn mh), to JPEG2000 eÐnai to mìno

prìtupo pou parèqei to qarakthristikì tou scalability kai dÐnei ston qr sth plhj¸ra

epilog¸n gia thn lambanìmenh eikìna (an�lush, poiìthta).

En katakleÐdi, mporoÔme na sumper�noume ìti to prìtupo JPEG2000 parèqei dunatìthtec

kai qarakthristik� pou mporoÔn na qrhsimopoihjoÔn se efarmogèc ìpou, se sunduasmì me ta

uparqonta prìtupa eikìnac, na epiteuqjeÐ kalÔterh apìdosh wc proc thn poiìthta eikìnac,



133

thn poiìthta thc sÔndeshc (QoS) ktl.   se efarmogèc pou h antikat�stash twn diafìrwn

protÔpwn eikìnac apì to JPEG2000 na aux sei thn apìdosh tou sust matoc.

6.2 Mellontik  ErgasÐa

H ergasÐa epikentr¸jhke sthn apostol  eikìnwn JPEG2000 metaxÔ sugkekrimènou arijmo-

Ô qrhst¸n kai gia sugkekrimènouc trìpouc apostol c. MÐa epèktash thc ergasÐac aut c

ja mporoÔse na eÐnai h melèth perissìterwn protÔpwn eikìnac, perissìterwn termatik¸n

(diaforetik c upologistik c isqÔoc), perissìterwn Bluetooth kai 802.11 suskeu¸n kai pe-

rissìterwn trìpwn apostol c. Wc proc ton trìpo apostol c, mÐa epèktash tou scaler ja

mporoÔse na eÐnai h apostol  mìno twn tmhm�twn thc eikìnac pou epijumeÐ o qr sthc, qwrÐc

na dhmiourgeÐtai (�dika) sumfìrhsh sto dÐktuo.

Endiafèrousa epèktash thc ergasÐac eÐnai h sÔndesh tou sust matoc me k�mera l yhc

eikìnwn kai h melèth tou sust matoc se l yh eikìnwn pragmatikoÔ qrìnou.

'Opwc gÐnetai fanerì kai apì th perigraf  twn bibliojhk¸n pou qrhsimopoi jhkan, to

sÔsthma basÐzetai ex�olokl rou se logismikì kai den ekmetalleÔtai k�poion sugkekrimèno yh-

fiakì epexergast  s matoc (DSP). MÐa endiafèrousa epèktash thc ergasÐac eÐnai h sÔgkrish

thc ulopoÐhshc basismènh se logismikì me thn ulopoÐhsh pou qrhsimopoieÐ bo jeia hardware.

EpÐshc, basismènoi se  dh up�rqousec ulopoi seic ulikoÔ, mporeÐ na gÐnei mÐa melèth gia thn

beltistopoÐhsh thc epit�qunshc kwdikopoÐhshc/apokwdikopoÐhshc eikìnwn JPEG2000 mèsw

hardware.

Sta plaÐsia thc ergasÐac meet jhke h apostol  apl¸n eikìnwn apì ton pompì ston dèkth

qwrÐc thn ekmet�lleush twn dunatot twn pou parèqei to prìtupo JPEG2000. Proèktash thc

ergasÐac aut c apoteleÐ h dhmiourgÐa enìc diadrastikoÔ perib�llontoc to opoÐo ja parèqei

ston qr sth thn dunatìthta na orÐsei tic shmantikèc perioqèc thc lambanìmenhc eikìnac,

ekmetalleÔontac ètsi thn idiìthta tou ROI.

Mèroc thc ergasÐac  tan h dhmiourgÐa tou JPEG2000 Payload gia thn met�dosh mèsw

prwtokìllou RTP. Pèran thc ulopoÐhshc, den ègine ekmet�lleush twn pedÐwn tou payload

gia thn beltÐwsh thc poiìthtac epikoinwnÐac. MÐa proèktash thc doulei�c aut c eÐnai h

ekmet�lleush thc plhroforÐac aut c gia thn aÔxhsh tou QoS.

Wc proc to prwtìkollo epikoinwnÐac, gia thn perÐptwsh Bluetooth ulopoi jhke mÐa apl 
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met�dosh dedomènwn metaxÔ dÔo termatik¸n. IdiaÐtero endiafèron apoteleÐ h èreuna gia thn

ulopoÐhsh sust matoc video pragmatikoÔ qrìnou gia perissìterec suskeuèc Bluetooth pou

sqhmatÐzoun topik� dÐktua (piconets) kai h antimet¸pish problhm�twn tautìqronhc met�do-

shc, dromolìghshc dedomènwn, sÔndeshc topik¸n diktÔwn metaxÔ touc, ktl. Peraitèrw melèth

mporeÐ na gÐnei proc thn kateÔjunsh twn asÔrmatw diktÔwn aisjht rwn (Wireless Sensor Net-

works) wc proc to prwtìkollo epikoinwnÐac (Bluetooth, Wibree, ktl), wc proc thn enèrgeia

katan�lwshc, ktl.
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