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ApagoreÔetai h antigraf , apoj keush kai dianom  thc paroÔsac ergasÐac, ex olo-

kl rou   tm matoc aut c, gia emporikì skopì. Epitrèpetai h anatÔpwsh, apoj keush

kai dianom  gia skopì mh kerdoskopikì, ekpaideutik c   ereunhtik c fÔshc, upì thn

proôpìjesh na anafèretai h phg  proèleushc kai na diathreÐtai to parìn m numa. E-

rwt mata pou aforoÔn th qr sh thc ergasÐac gia kerdoskopikì skopì prèpei na apeu-

jÔnontai proc ton suggrafèa.

Oi apìyeic kai ta sumper�smata pou perièqontai se autì to èggrafo ekfr�zoun ton

suggrafèa kai den prèpei na ermhneujeÐ ìti antiproswpeÔoun tic epÐshmec jèseic tou

EjnikoÔ MetsobÐou PoluteqneÐou. H ègkrish thc didaktorik c diatrib c apì thn Anw-

t�th Sqol  Hlektrolìgwn Mhqanik¸n & Mhqanik¸n Upologist¸n tou E.M. Polute-

qneÐou den upodhl¸nei apodoq  twn gnwm¸n tou suggrafèa (N. 5343/1932, § 202).



PROLOGOS

Stèrge mèn tà parìnta, z tei dè tà beltÐw. Isokr�thc

H ènarxh kai h olokl rwsh thc didaktorik c diatrib c den ja  tan efikt  an den

eÐqan sumb�llei èna pl joc shmantik¸n anjr¸pwn pou eÐqa thn tÔqh kai thn tim  na

me uposthrÐxoun, na me kajodhg soun kai na me enjarrÔnoun se k�je prosp�jeia.

Ja  jela na euqarist sw jerm� ton Kajhght  k. FÐlippo KwnstantÐnou gia thn

epÐbleyh thc didaktorik c mou diatrib c sto Ergast rio Kinht¸n Radioepikoinwni¸n

EMP (EKR/EMP). H protrop  tou na enasqolhj¸ me eurwpaðkèc ereunhtikèc dr�-

seic COST kaj¸c kai me èrga sqetik� me thn mètrhsh poiìthtac twn radiodiktÔwn

apì to 2005 apotèlese kÐnhtro gia mèna na esti�sw sto idiaÐtera endiafèron teqnikì

kai ereunhtikì pedÐo thc didaktorik c diatrib c kai gia ton skopì thc èreunac mou

pareÐqe prohgmèno teqnologikì exoplismì. Kajoristikì shmeÐo thc ereunhtik c mac

sqèshc apotèlese to b' ex�mhno tou 2010 ìtan sunergast kame sten� kai mou anèje-

se thn kÔria teqnik  eujÔnh tou èrgou thc sugkritik c axiolìghshc (benchmarking)

twn diktÔwn kinht¸n thlepikoinwni¸n sthn Ell�da.

Jelw na ekfr�sw tic egk�rdiec euqaristÐec proc ton k. Jan�sh Panagìpou-

lo, Lèktora EMP, gia thn ousiastik  kajod ghsh thc didaktorik c mou èreunac ta

teleutaÐa krÐsima qrìnia. EÐnai ènac qarismatikìc �njrwpoc, nèoc kai drast rioc

panepisthmiakìc d�skaloc, mèntorac kai fÐloc pou dÐpla tou èmaja pwc na aniqneÔw

kai na akolouj¸ ta dÔskola monop�tia thc poiotik c èreunac sthrÐzontac kai endu-

nam¸nont�c me stic dÔskolec stigmèc.

Ja  jela sth sunèqeia na euqarist sw eilikrin� ta mèlh thc Sumbouleutik c E-

pitrop c kai pr¸touc dask�louc mou stic AsÔrmatec EpikoinwnÐec, ton k. Panagi¸th

Kwtt , Kajhght  EMP, gia thn kajoristik  sumbol  tou sthn ènarxh twn didako-

rik¸n spoud¸n mou sto EMP to 2003, kaj¸c epÐshc kai ton k. Qr sto Kay�lh,

Kajhght  EMP, gia to suneqèc endiafèron touc gia thn prìodo thc èreun�c mou.

Jermèc euqaristÐec an koun kai stouc axiìtimouc kk. Miq�lh Jeolìgou, Kajhght 

EMP, Jan�sh Kan�ta, Anaplhrwt  Kajhght  PanepisthmÐou Peirai�, kai StaÔro
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Kwtsìpoulo, Kajhght  PanepisthmÐou Patr¸n, oi opoÐoi eÐnai shmantikoÐ d�skaloi

thc perioq c twn Kinht¸n Epikoinwni¸n sthn Ell�da kai apotèlese tim  proc to

prìswpì mou h energìc summetoq  touc sthn 7-mel  epitrop  krÐshc thc diatrib c

me tic eÔstoqec kai ègkritec parathr seic kai sumboulèc epÐ tou telikoÔ keimènou.

Epiplèon, ja  jela na ekfr�sw euqaristÐec proc ton k. Iw�nnh Kanellìpoulo, Ka-

jhght  EMP, gia to eugenikì endiafèron tou stic didaktorikèc spoudèc mou kaj¸c

kai thn ka. KwnstantÐna Nik ta, Kajhg tria EMP, gia thn eukairÐa pou mou èdw-

se na parakolouj sw to kalokairinì entatikì eurwpaðkì prìgramma “SOCRATES”

sthn ItalÐa to 2005.

Shmantik   tan h sumbol  twn anjr¸pwn thc etairÐac SwissQual AG sthn e-

xèlixh thc didaktorik c diatrib c. Anafèromai ston k. Arthur Tollenaar gia thn

paroq  dedomènwn metr sewn gia tic an�gkec thc èreunac kaj¸c kai ton k. Fabrizio

Esposito gia thn �mesh kai �rtia teqnik  upost rixh epÐ tou exoplismoÔ Diversity

Benchmarker opoted pote  tan anagkaÐa. Ja  jela na euqarist sw jerm� ìlouc

touc sunerg�tec mhqanikoÔc tou EKR/EMP kaj¸c kai exwterikoÔc sunerg�tec kai

teqnikoÔc sumboÔlouc (CommSquare Hellas, Space Hellas, P3 Ingenieurgesellschaft,

AdaptIT ), pou eÐqa th qar� na sunergast¸ kat� thn di�rkeia èrgwn mètrhshc poiìth-

tac uphresi¸n se kinht� dÐktua apì to 2005. IdiaÐtera shmantik  kai euq�risth  tan h

empeirÐa pou apokt jhke se �yogo klÐma sunergasÐac me touc èmpeirouc mhqanikoÔc

tou Tm matoc BeltistopoÐhshc DiktÔwn Prìsbashc sth DieÔjunsh RadiodiktÔou

thc COSMOTE Kinhtèc ThlepikoinwnÐec AE thn perÐodo 2005-2008.

Ja  jela na euqarist sw jerm� ton fÐlo kai sun�delfo ìla ta qrìnia sto Po-

luteqneÐo kai sto EKR k. NÐko Papanikol�ou kaj¸c kai touc nèouc ereunhtèc mh-

qanikoÔc kk. Dhm trh Papanikol�ou, Gi¸rgo Pitsilad , M�rio Poul�kh kai BoÔla

Bass�kh me thn euq  gia epituq  per�twsh twn didaktorik¸n diatrib¸n touc. IdiaÐte-

ra, ja  jela na euqarist sw jerm� touc kk. Andrèa Tsìpela, BasÐlh Sofr�, Elènh

Augèrh, Marilèna Kallènou, KwnstantÐna Qourd�kh kai Dr. Dhm trh QarÐla gia

thn euq�risth sunergasÐa se koin� ereunhtik� pedÐa epÐ jem�twn poiìthtac kinht¸n

diktÔwn. Epiplèon, ja  jela na euqarist sw filik� ton Dr. Apìstolo Fèrth apì

to ETH-Zürich gia thn endiafèrousa ereunhtik  sunergasÐa mac se jèmata belti-

stopoÐhshc. KleÐnontac, ja  jela na euqarist sw ton Dr. Jan�sh MaroÔsh gia

ton p�nta eugenikì kai epikourikì rìlo tou, kaj¸c kai touc k. NÐko MpoÔzh kai

ka. Ntìtu Kelèfa gia thn teqnik  kai dioikhtik  mèrimna antÐstoiqa ìla ta qrìnia

sto EKR/EMP.

Jermèc euqaristÐec an koun sto sÔnolo tou mìnimou kai èktaktou episthmonikoÔ,

ergasthriakoÔ kai dioikhtikoÔ proswpikoÔ sto TEI IonÐwn N swn gia thn �yogh,

dhmiourgik  kai euq�risth ekpaideutik  sunergasÐa mac ta duo ìmorfa kai paragwgik�
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qrìnia 2008-2010 sth Leuk�da.

EpÐshc euqarist¸ touc foithtèc sto Ergast rio tou maj matoc “Eisagwg  stic

ThlepikoinwnÐec” apì to 2005 èwc to 2011 sth Sqol  Hlektrolìgwn Mhqanik¸n

EMP, kai touc spoudastèc sto TEI Leuk�dac thn perÐodo 2008 - 2010, gia thn

empistosÔnh pou mou epèdeixan ìtan eÐqa thn tim  kai thn qar� na eÐmai d�skalìc touc.

H polÔqronh empeirÐa aut  ston q¸ro thc PaideÐac kai eidik� se ìlec tic bajmÐdec

thc Teqnik c EkpaÐdeushc, apì tic Teqnikèc Sqolèc MajhteÐac èwc to PoluteqneÐo,

apotèlese èna diarkèc kÐnhtro gia “did�skesjai maj¸n did�skein epist sei”.

Epiplèon, ja  jela na euqarist sw touc proðstamènouc mou mhqanikoÔc sth DieÔ-

junsh Nèwn 'Ergwn Metafor�c tou Anex�rthtou Diaqeirist  Metafor�c Hlektri-

k c Enèrgeiac (ADMHE AE) gia thn upost rix  touc kai kurÐwc gia thn qor ghsh

braquqrìniac ekpaideutik c �deiac gia thn olokl rwsh thc didaktorik c diatrib c.

Jermèc kai eilikrineÐc euqaristÐec apeujÔnw stouc agaphtoÔc kai axiìlogouc fÐ-

louc mou pou eÐqa thn tÔqh, thn tim  kai thn qar� na gnwrÐsw apì ta sqolik� qrì-

nia sto AgrÐnio, tic spoudèc sto Panepist mio kai to PoluteqneÐo thc Aj nac, th

stratiwtik  jhteÐa kaj¸c kai apì to agaphmèno mou qwriì, tic Phgèc 'Artac. Koin�

bi¸mata kai empeirÐec, problhmatismoÐ, stìqoi kai axÐec, all� kai h allhloôpost rixh

kai allhlosumpar�stash se dÔskolec stigmèc apotèlesan kajoristikoÐ par�gontec

na sumbadÐzoume poll� qrìnia t¸ra diathr¸ntac sumpageÐc filikoÔc desmoÔc.

Euqarist¸ egk�rdia th Lèna gia thn polÔpleurh, suneq , anex�ntlhth kai euq�-

risth upomon , upost rixh, katanìhsh kai sumpar�stas  thc.

EuqaristÐec an koun stouc stenoÔc suggeneÐc mou pou p�nta me uposthrÐzoun

yuqik�. Eidik� mnhmoneÔw ton pappoÔ mou †Dhm trh M. Ban�ka pou apotèlese gia

mèna apì mikrì paidÐ, prìtupo anjr¸pou kai poluteqnÐth m�stora, did�skontac kai

klhrodot¸ntac mou polÔtimec axÐec, sofèc sumboulèc kai to “filomajeÐn”.

Ja  jela na euqarist sw ton aderfì mou BasÐlh o opoÐoc p�nta me sthrÐzei kai

summetèqei energ� tìso se qaroÔmenec ìso prop�ntwn se dÔskolec stigmèc.

Tèloc, euqarist¸ olìyuqa touc sebastoÔc goneÐc mou, ton patèra mou NÐko kai

thn mhtèra mou EuaggelÐa, oi opoÐoi ìla aut� ta qronia upost rizan p�nta èmprakta

kai me bebaiìthta ìti h “PaideÐa” eÐnai mia ek twn shmantik¸n paramètrwn gia thn

Poiìthta thc Zw c mou (Quality of Life), idiaÐtera en kair¸ krÐshc, kai gia ton

skopì autì me st rixan apì paidÐ me thn olìyuqh ag�ph touc, thn euq  touc kai

k�je diajèsimo oikogeneiakì pìro.

Mp�mphc P tac

Kallijèa, AprÐlioc 2012





Stouc goneÐc mou,

NÐko kai EuaggelÐa
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PERILHYH

AntikeÐmeno melèthc thc didaktorik c diatrib c eÐnai h jewrhtik  kai peiramati-

k  èreuna kainotìmwn mejìdwn kai teqnik¸n gia ton qarakthrismì kai thn prìbleyh

thc poiìthtac twn pareqìmenwn uphresi¸n se sÔgqrona sust mata kinht¸n thlepi-

koinwni¸n. GÐnetai mia eisagwg  stic sÔgqronec arqitektonikèc twn dhmìsiwn epÐ-

geiwn kinht¸n diktÔwn epikoinwni¸n kai tic pareqìmenec kinhtèc uphresÐec thlefwnÐ-

ac, binteo-thlefwnÐac, polumèswn kai uphresi¸n diadiktÔou ìpwc metafor� arqeÐwn,

plo ghsh sto diadÐktuo kai to hlektronikì taqudromeÐo. AnalÔontai kritik� oi po-

lÔ shmantikoÐ deÐktec epÐdoshc poiìthtac empeirÐac qr sth kai poiìthtac uphresi¸n

diktÔou kinht¸n epikoinwni¸n. Se autì to shmeÐo axÐzei na tonÐsoume ìti gia ton

skopì thc paroÔsac èreunac ègine qr sh exeidikeumènou ergasthriakoÔ exoplismoÔ

kai epiplèon ìti diex qjhsan diexodikèc epÐ to pedÐw (se pragmatik� dÐktua kinht¸n

epikoinwni¸n) metr seic poiìthtac.

To keÐmeno thc diatrib c qwrÐzetai se duo kÔria Mèrh:

Sto Mèroc I, gÐnetai mia eisagwg  sta sÔgqrona dÐktua kinht¸n epikoinwni¸n

GSM/GPRS/EDGE/UMTS/HSPA/LTE/LTE Adv. Sth sunèqeia parousi�zontai

oi pareqìmenec kinhtèc uphresÐec ìpwc h thlefwnÐa, h binteo-thlefwnÐa, oi uphresÐec

polumèswn kai bÐnteo kai oi uphresÐec kinhtoÔ diadiktÔou ìpwc h metafor� arqeÐwn

qr sh prwtokìllou FTP, h plo ghsh se istoselÐdec qr sei prwtokìlou HTTP kai h

uphresÐa hlektronikoÔ taqudromeÐou qr sei prwtokìllwn SMTP/POP3/IMAP. GÐ-

netai idiaÐterh anafor� stic ènnoiec empeirÐa antilambanìmenhc apì ton qr sth, poiì-

thta empeirÐac qr sth kai poiìthta uphresi¸n sust matoc/diktÔou. 'Etsi, parousi�-

zontai sÔgqronoi algìrijmoi antikeimenik c kai upokeimenik c axiolìghshc poiìthtac

fwn c, bÐnteo, polumèswn kai en gènei uphresi¸n dedomènwn diadiktÔou. Eidik� gia

tic uphresÐec diadiktÔou, parousi�zontai analutik� montèla epÐdoshc gia ta dÐktua

kinht¸n epikoinwni¸n. Sth sunèqeia, orÐzontai oi shmantikoÐ deÐktec epÐdoshc kai

shmei¸nontai eidik� jèmata sugkritik c axiolìghshc aut¸n. Wc kef�laio idiaÐterhc

shmasÐac se autì to tm ma thc diatrib c apoteleÐ h perigraf  tou eidikoÔ kai sÔn-

jetou exoplismoÔ pou qrhsimopoi jhke sta plaÐsia thc èreunac kaj¸c kai h epilog 

twn senarÐwn metr sewn. Diex qjhsan polu�rijmec kamp�niec metr sewn tìso gia
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thn axiolìghsh orj c leitourgÐac tou exoplismoÔ ìso kai gia ton qarakthrismì poiì-

thtac twn en leitourgÐa dhmìsiwn diktÔwn kinht¸n epikoinwni¸n.

Sto Mèroc II, parousi�zontai ta apotelèsmata thc an�lushc twn dedomènwn me-

tr sewn. Ta dedomèna metr sewn pou sullèqjhkan, analÔjhkan me proqwrhmènec

statistikèc kai upologistikèc mejìdouc afoÔ eis qjhsan prohgoumènwc se sÔnjetec

gewqronikèc b�seic dedomènwn kai proèkuyan nèa montèla. H statistik  an�lush

twn dedomènwn enisqÔjhke me mejìdouc eÔrwsthc (alexijìrubhc) beltistopoÐhshc.

Pio sugkekrimèna proteÐnontai prohgmèna montèla prìbleyhc poiìthtac basismèna

se mh grammik  palindrìmhsh. Epiplèon, ègine efarmog  sÔgqronwn mejìdwn upolo-

gistik c eufuòac kai exìruxhc gn¸shc apì dedomèna metr sewn. 'Etsi, proteÐnontai

montèla prìbleyhc poiìthtac me efarmog  algorÐjmwn kathgoriopoÐhshc ìpwc dèn-

dra apof�sewn, k-plhsièsteroi geÐtonec kai teqnht� neurwnik� dÐktua. Epiprìsjeta,

exet�zetai h asaf c logik  sthn prìbleyh poiìthtac kai proteÐnontai montèla basi-

smèna se sust mata prosarmostikoÔ neuroasafoÔc sumperasmoÔ. Ta apotelèsmata

thc èreunac mporoÔn na èqoun �mesh efarmog  stic diadikasÐec sqediasmoÔ kai belti-

stopoÐhshc radiodiktÔwn prìsbashc kaj¸c kai na qrhsimopoihjoÔn gia th sugkritik 

axiolìghsh epÐdoshc twn pareqìmenwn uphresi¸n se en leitourgÐa dhmìsia dÐktua ki-

nht¸n epikoinwni¸n.

Sta plaÐsia thc diatrib c ekpon jhke ektetamènh bibliografik  èreuna kai idiaÐ-

tera protÔpwn, prodiagraf¸n kai sust�sewn apì touc diejn c thlepikoinwniakoÔc

organismoÔc (ETSI, 3GPP, ITU-T/R, ECC) kaj¸c kai sqetik¸n apof�sewn eurw-

paðk¸n kai ejnik¸n rujmistik¸n arq¸n twn thlepikoinwni¸n.

Tèloc, ex�qjhkan idiaÐtera kainotìma apotelèsmata pou dhmosieÔthkan se diejn 

periodik� kai se praktik� diejn¸n sunedrÐwn.

Lèxeic Kleidi�− dÐktua kinht¸n epikoinwni¸n, poiìthta uphresÐac, poiìth-

ta empeirÐac, qarakthrismìc poiìthtac, sugkritik  axiolìghsh, montèla prìbleyhc,

beltistopoÐhsh, palindrìmhsh, asaf  logik , exìruxh gn¸shc apì dedomèna.



ABSTRACT

The objective of the present Ph.D thesis is to propose innovative theoretical and

experimental methods and techniques for the characterization and the prediction

of quality of modern services in mobile communication systems. There is an In-

troduction and brief description of the modern architecture of public land mobile

communication networks and the mobile services that are provided such as tele-

phony, video telephony, multimedia and Internet services e.g. file transfer, web

browsing and e-mail. We present the Key Performance Indicators (KPIs) regarding

the quality of user experience (QoE) and the quality of service (QoS). For the scope

of our research we used special laboratory equipment and we have conducted exten-

sive field (in real mobile networks) measurements of quality.

The remaining of the thesis is divided into two main parts:

Part I includes an Introduction to modern mobile communications networks

(GSM/GPRS/EDGE/UMTS/HSPA/LTE/LTE Adv). Afterwards the provided se-

rvices such as mobile telephony, video telephony, multimedia and video services as

well as mobile internet using file transfer protocol, web browsing use using http

protocol and e-mail service using SMTP/POP3/IMAP protocols are presented. We

focus on experience as it is perceived by the user (User Experience, UX), quality

of end-user experience (Quality of Experience, QoE), and service quality system /

network (System QoS). Moreover, modern algorithms are presented regarding the

objective and the subjective quality evaluation of voice, video, multimedia and da-

ta/Internet services in general. Especially for Internet services, we present analytical

models of mobile network performance. Following, the Key Performance Indicators

are defined and we mark specific issues such benchmarking. A chapter of utmost im-

portance, in this first Part of the thesis, is the description of the special and complex

measurement equipment that has been used in the research and the definition of the

measurement scenarios. Numerous measurement campaigns have been conducted

on the one hand for assessing the proper function of equipment and on the other

hand to characterize the quality of service public mobile networks.

In Part II, the collected measurement data are fully analyzed. Firstly they
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have been introduced into complex geospatial-temporal measurements databases

and afterwards advanced statistical and computational methods are used to analyze

them for the derivation of new models. The statistical data analysis is strengthened

by using robust optimization methods. Advanced quality prediction models based

on nonlinear regression are obtained and proposed. Moreover, modern methods of

computational intelligence and data mining have been applied to the measurement

data and the application of categorization algorithms for prediction models such as

decision trees, k-nearest neighbors and artificial neural networks are used. Fuzzy

logic is also examined in order to predict quality of service and new models based

on adaptive neuro fuzzy inference systems (ANFIS) are derived. These results can

be directly adopted and used by telecommunication engineers for the radio network

access planning, optimization and performance benchmarking of public land mobile

networks.

This thesis provides an extensive literature research on relative standards, specifi-

cations and recommendations by international Telecommunications Administrations

(ETSI, 3GPP, ITU-T/R, ECC) and decisions of european and national telecommu-

nications regulators and committees.

Finally, the new results that have been obtained have been published in Inter-

national Journals and in International Conference Proceedings.

Key words− mobile communication networks, quality of service, quality of ex-

perience, quality characterization, benchmarking, prediction modeling, optimization,

regression, fuzzy logic, data mining.
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Kef�laio 1

Eisagwg 

1.1 JematologÐa thc diatrib c

Skopìc thc paroÔshc didaktorik c diatrib c eÐnai h sumbol  sthn èreuna prohgmè-

nwn teqnik¸n metr sewn qarakthrismoÔ kai mejìdwn prìbleyhc thc poiìthtac twn

pareqìmenwn uphresi¸n se sÔgqrona euruzwnik� dÐktua kinht¸n epikoinwni¸n.

H Didaktorik  Diatrib c kalÔptei tic parak�tw sÔgqronec ereunhtikèc perioqèc:

• Poiìthta antilambanìmenh apì ton qr sth kai thn ap�akrh-se �krh poiìthta

uphresi¸n se sÔqgrona dÐktua kinht¸n epikoinwni¸n eureÐac z¸nhc.

• MontelopoÐhsh dÐktuwn kinht¸n polumesik¸n epikoinwni¸n eureÐac z¸nhc.

• Peiramatikìc exoplismìc kai sen�ria metr sewn en leitourgÐa dhmìsiwn diktÔwn

kinht¸n epikoinwni¸n gia ton qarakthrismì poiìthtac.

• Prohgmènec statistikèc kai upologistikèc mèjodoi prìbleyhc poiìthtac uphre-

si¸n basismènec se metr seic.

1.2 Dom  thc Didaktorik c Diatrib c

H dom  tou keimènou thc didaktorik c diatrib c apoteleÐtai apì dÔo Mèrh. To Mè-

roc I perilamb�nei thn eisagwg  stic teqnologÐec twn diktÔwn asÔrmathc prìsba-

shc, ennoi¸n kai deikt¸n poiìthtac kinht¸n uphresi¸n, teqnologikoÔ exoplismoÔ kai

senarÐwn metr sewn. To Mèroc II kalÔptei diexodik� prohgmènec statistikèc kai

sÔgqronec upologistikèc mejìdouc an�lushc kai prìbleyhc thc poiìthtac uphresi¸n

axiopoi¸ntac dedomèna metr sewn pou èqoun sulleqjeÐ qr sei tou ergasthriakoÔ

exoplismoÔ. Sunoptik�, to keÐmeno diarjr¸netai sÔmfwna me thn parak�tw dom :

1
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Mèroc I

StoMèroc I parousi�zoume analutik� ereunhtik� jèmata pou aforoÔn thn poiìthta

empeirÐac antilambanìmenh apì ton kinhtì qr sth kai thn poiìthta pareqìmenwn kinh-

t¸n uphresi¸n apì sÔgqrona asÔrmata dÐktua epikoinwni¸n me epÐkentro tic teqnikèc

metr sewn qarakthrismoÔ. To Mèroc I sunÐstatai apì ta parak�tw Kef�laia:

To Kef�laio 2 apoteleÐ mia eisagwg  sta dÐktua knht¸n epikoinwni¸n deÔte-

rhc, trÐthc, pèrac thc trÐthc kaj¸c kai tètarthc geni�c. IdaÐterh èmfash dÐdetai se

jèmata epidìshc kai qwrhtikìthtac twn diktÔwn.

To Kef�laio 3 afier¸netai se jèmata prosdiorismoÔ empeirÐac qr sth, poiì-

thtac empeirÐac, ap' �krh-se-�krh poiìthtac uphresi¸n kai poiìthtac uphresi¸n su-

st matoc/diktÔou. ParousÐazontai oi uphresÐec: kinht c thlefwnÐac, thlefwnÐac

kinhtoÔ diadiktÔou, kinht c binteothlefwnÐac, met�doshc polumesik c ro c kaj¸c

kai oi uphresÐec dedomènwn kinhtoÔ upologismoÔ. Gia tic anaferìmenec uphresÐec

perigr�fontai oi algìrijmoi axiolìghshc epÐdoshc kai poiìthtac.

Sto Kef�laio 4 gÐnetai mia prosèggish montelopoÐhshc enìc euruzwnikoÔ di-

ktÔou kinht¸n epikoinwni¸n paroq c polumesik¸n uphresi¸n. Parousi�zontai mo-

ntèla tou diktÔou asÔrmathc prìsbashc, tou stajeroÔ diktÔou metafor� kai twn

kìmbwn. EpÐshc, parousi�zetai h montelopoÐsh tou prwtokìlou elègqou metafor�c

TCP.

Tèloc, sto KefalaÐo 5 gÐnetai mia ekten c parousÐash tou peiramatikoÔ e-

xoplismoÔ metr sewn kaj¸c kai twn senarÐwn metr shc radiok�luyhc dhmosÐwn di-

ktÔwn kinht¸n epikoinwni¸n kai thc ap�akrh-se-�krh poiìthtac ìlwn twn prosfe-

rìmenwn uphresi¸n. Epiplèon gÐnetai anafor� se jèmata sugkritik c axiolìghshc

(benchmarking).

Mèroc II

StoMèroc II tou keimènou thc didaktorik c diatrib c efarmìzontai prohgmènec mè-

jodoi statistik c an�lushc me efarmog  jewrÐac beltistopoÐhshc kaj¸c kai mèjodoi

upologistik c nohmosÔnhc    piou upologismoÔ ¸ste na protajoÔn kai na axiologh-

joÔn montèla prìbleyhc poiìthtac uphresi¸n. Pio sugkekrimèna:

Sto Kef�laio 6 parousi�zontai statistikèc mejìdoi an�ptuxhc montèlwn prì-

bleyhc poiìthtac basismèna sth mh grammik  palindromhsh. H efarmog  mejìdwn

eÔrwsthc beltistopoÐhshc sumb�llei sthn exagwg  sjenar¸n montèlwn prìbleyhc.

To Kef�laio 7 kalÔptei thn asaf  logik  kai thn efarmog  sto prìblhma

thc prìbleyhc poiìthtac. Eidikìtera, epilègontai ta sust mata prosarmostikoÔ

neuroasafoÔc sumperasmoÔ ta opoÐa axiopoioÔn diajèsimec metr seic gia thn prìtash
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montèlwn. Ta montèla axiologoÔntai wc proc thn akrÐbei� touc.

To Kef�laio 8 kalÔptei tic eufueÐc mejìdouc exìruxhc gn¸shc/plhroforÐac

apì dedomèna metr sewn. H basik  mèjodoc eÐnai h kathgoriopoÐhsh kai gia ton lìgo

autì epilègontai, parousi�zontai kai sugkrÐnontai oi pio shmantikèc teqnikèc: (a') k-

plhsièsteroi geÐtonec, (b') neurwnik� dÐktua kai (g') dèndra apof�sewn. ProteÐnetai

èna plaÐsio strathgik c sqediasmoÔ kai beltistopoÐhshc diktÔou kinht¸n epikoinw-

ni¸n sthrigmèno se montèla prìbleyhc ta opoÐa èqoun exaqjeÐ me mejìdouc exìruxhc

plhroforÐac qr sei eleÔjerou logismikìu.

H didaktorik  diatrib  oloklhr¸netai me to Kef�laio 9 twn sumperasm�twn

ìpou parousi�zontai oi kainotomÐec èreunac kaj¸c kai oi prot�seic mellontik c er-

gasÐac.

�
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MEROS I

Poiìthta EmpeirÐac kai Poiìthta Uphresi¸n se

SÔgqrona Euruzwnik� DÐktua Kinht¸n Epikoi-

nwni¸n: Metr seic QarakthrismoÔ
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Kef�laio 2

SÔgqrona Euruzwnik� DÐktua

Kinht¸n Epikoinwni¸n

Ston parìn Kef�laio ja gÐnei mia eisagwg  sta sÔgqrona euruzwnik� dÐktua kinht¸n

epikoinwni¸n [1, 2]. Analutik�, ja gÐnei mia episkìphsh twn ufist�menwn en leitourgÐa

teqnologi¸n radioprìsbashc sta 2hc (GSM-EDGE-GPRS), 3hc (3.5hc) (UMTS-

R.99-HSPA) kai 4hc (LTE-LTE Adv) geni�c. Stìqoc eÐnai na parousi�soume jèmata

qwrhtikìthtac kai epÐdoshc tou k�je diktÔou.

2.1 Sust mata Epikoinwni¸n 2hc Geni�c

GSM: Global System for Mobile Communications

To GSM (Groupe Spécial Mobile) eÐnai to pio gnwstì prìtupo gia ta sust mata

kinht c thlefwnÐac. To GSM diafèrei apì progenèsterec teqnologÐec sto gegonìc

ìti h shmatodosÐa kai ta kan�lia fwn c eÐnai yhfiak�, kai ètsi jewreÐtai wc deÔterh

geni�c (2G) sÔsthma. EpÐshc, parèqetai èna eurÔ f�sma efarmog¸n epikoinwni¸n

dedomènwn. Stic epìmenec ekdìseic tou protÔpou, Release ’97, prostèjhkan dunatì-

thtec uphresi¸n pakètwn dedomènwn apì 56 kbit/s èwc 115 kbit/s mèsw tou GPRS

(General Packet Radio Service), gnwstì kai wc 2.5G. Sthn èkdosh Release ’99 aux -

jhkan oi taqÔthtec met�doshc dedomènwn èwc 236.8 kbit/s me to EDGE (Enhanced

Data Rates for GSM Evolution), gnwstì kai wc 2.75G [3].

To GSM eÐnai èna kuyelwtì asÔrmato dÐktuo kai diakrÐnontai pènte kathgorÐec

kuyel¸n (macro- , micro- , pico- , femto- kai umbrella- cells). Gia peript¸seic

eswterik c k�luyhc qrhsimopoioÔntai eswterikoÐ epanal ptec.

Ta GSM dÐktua leitourgoÔn stic perioqèc suqnot twn twn 900 MHz   1800 MHz

(DCS1800). Anex�rthta apì th suqnìthta pou epilègetai apì èna thlepikoinwnia-
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kì forèa, qwrÐzetai se qronosqismèc (timeslots) gia qr sh apì ediaforetik� kinht�

thlèfwna. Autì epitrèpei okt¸ kan�lia omilÐac pl rouc rujmoÔ (full rate)   deka-

èxi  mish rujmoÔ (half rate) an� kan�li suqnìthtac. Oi okt¸ radio qronosqismèc

omadopoioÔntai se èna TDMA plaÐsio. Ta kan�lia  misou rujmoÔ qrhsimopoioÔn

enallaktik� plaÐsia sthn Ðdia qronosqism . O rujmìc met�doshc dedomènwn gia ìla

ta 8 kan�lia eÐnai 270,833 kbit/s, kai h di�rkeia tou plaisÐou eÐnai 4,615 ms.

To GSM qrhsimopoieÐ mia poikilÐa apì kwdikopoihtèc fwn c (codecs) gia sumpÐ-

esh  qou 3.1 kHz, se 6.5 kai 13 kbit/s. Arqik�, qrhsimopoi jhkan dÔo codecs, to

Half Rate (6.5 kbit/s) kai to Full Rate (13 kbit/s), pou basÐzontai sth grammik 

probleptik  kwdikopoÐhsh LPC (linear predictive coding). To GSM belti¸jhke pe-

raitèrw me ton kwdikopoiht  EFR (Enhanced Full Rate), twn 12.2 kbit/s codec pou

qrhsimopoieÐ èna pl rec kan�li rujmì.

To dÐktuo apartÐzetai apì ta epimèrouc tm mata:

• To uposÔsthma stajm¸n b�shc (BSS, Base Station Subsystem) to opoÐo apo-

teleÐtai apì touc stajmoÔc b�shc (BSs, Base Stations) kai tou elegktèc touc

(BSC, Base Station Controlers).

• To uposÔsthma metagwg c kai metagwg c (NSS, Network and Switching Subsy-

stem).

• To dÐktuo kormoÔ GPRS (GPRS Core Network).

• To sÔsthma upost rixhc leitourgi¸n (OSS, Operations Support System).

2.2 Sust mata Epikoinwni¸n 3hc Geni�c

UMTS: Universal Mobile Telecommunications System

To UMTS eÐnai mia teqnologÐa kinht¸n epikoinwni¸n 3hc geni�c (3G). H pr¸th an�-

ptuxh tou UMTS basÐsthke sthn arqitektonik  Release ’99, R99 h opoÐa prodiagr�-

fhke apì to 3GPP kai eÐnai tm ma tou eurèwc protÔpou ITU IMT-2000. To UMTS

qrhsimopoieÐ to W-CDMA (IMT Direct Spread) wc upìstrwma thc asÔrmathc die-

paf c (air interface) [4]. Wc pl rec sÔsthma diktÔou, apoteleÐtai apì to radÐodÐktuo

prìsbashc eÐnai to UTRAN (UMTS Terrestrial Radio Access Network) kai to dÐ-

ktou kormoÔ (CN, Core Network) to opoÐo diajètei thn efarmog  MAP (Mobile

Application Part) [5].

To UMTS, sÔmfwna me to 3GPP, uposthrÐzei mègistec jewrhtikèc timèc rujmoÔ

met�doshc èwc 45 Mbit/s (HSPA+), an kai gia thn perÐptwsh tou R99 eÐnai èwc
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Sq ma 2.1: Arqitektonik  diktÔou (GSM).

384 kbit/s. Oi prìgonoi tou 3G, ta sust mata 2G. ìpwc GSM, CDMAx1 (IS-95,

TIA-EIA-95, USA), PDC (Personal Digital Communications, Japan), Digital AMPS

(IS-54, IS-136, USA/Canada), iDEN, PHS (ASIA). H exèlixh tou GSM, gnwstì wc

GPRS, gnwstì kai wc 2.5G, uposthrÐzei kalÔterouc rujmoÔc met�doshc (jewrhtik�

èwc 140.8 kbit/s, an kai oi tupikoÐ rujmoÐ eÐnai kont� sta 56 kbit/s kai sundèseic

metagwg c pakètou (PS, Packet Switching) par� metagwg c kukl¸matoc (CS, Circuit

Switching).

To UMTS qrhsimopoieÐ thn teqnologÐa W-CDMA (Wideband Code Division

Multiple Access) wc prìtupo r�dio-diepaf c me suqnodiairetik  FDD   qronodiai-

retik  TDD amfidrìmhsh. QrhsimopoieÐtai h mèjodoc DS-CDMA (Direct-Sequence

CDMA) gia thn prìsbash sto kan�li kai FDD amfidrìmhsh gia epÐteuxh uyhlìte-

rwn taqut twn met�doshc kai thn upost rixh perissìterwn qrhst¸n se sÔgkrish me

ta perissìtera TDMA sq mata pollapl c prìsbashc. QrhsimopoieÐtai èna zeÔgoc

5 MHz ferìntwn kai kajorÐzontai gia thn zeÔxh kinhtoÔ - stajmoÔ (uplink) h z¸-

nh 1885-2025 MHz kai gia thn zeÔxh stajmoÔ-kinhtoÔ (downlink) h z¸nh 2110-2200

MHz (gnwst  wc UMTS2100 z¸nh).

RadiodÐktuo Prìsbashc (UTRAN) Sto UMTS kajorÐzetai epÐshc to ra-

diodÐktuo prìsbashc UTRAN to opoÐo apoteleÐtai apì mia sullog  stajm¸n b�-

shc (NodeBs) kai elegktèc radiodiktÔou RNC (Radio Network Controllers). To

Qar�lampoc N. P tac - Didaktorik  Diatrib  9
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UTRAN metafèrei diafìrwn tÔpwn thlepikoinwniak c kÐnhshc eÐte metagwg c ku-

kl¸matoc (Circuit Switched, CS) eÐte metagwg c pakètou (Packet Switched, PS).

Skopìc tou UTRAN eÐnai h paroq  prìsbashc tou exoplismoÔ qr sth UE (User

Equipment) me to dÐktuo kormoÔ.

RadiodÐktuo Prìsbashc (GERAN) . To GERAN eÐnai to radiodÐktuo prì-

sbashc sta sust mata GSM kai EDGE kai eÐnai shmantikì mèroc sta UMTS/GSM

dÐktua. Sthn perÐptwsh GSM/EDGE diktÔwn sundèoun touc stajmoÔc b�shc BS

(Base Stations) kai touc antÐstoiqouc elegktèc stajm¸n b�shc BSCs (Base Sta-

tion Controllers). Oi kl seic fwn c kai dedomènwn dromologoÔntai apì kai proc to

dhmìsio stajerì thlefwnikì/yhfiakì dÐktuo (PSTN/ISDN).

Sq ma 2.2: Arqitektonik  diktÔou (UMTS).

2.3 Sust mata Epikoinwni¸n 3.5hc Geni�c

2.3.1 HSPA: High Speed Packet Access

To HSPA eÐnai mia sugq¸neush dÔo teqnologi¸n, tou HSDPA (High Speed Downlink

Packet Access) kai HSUPA (High Speed Uplink Packet Access), pou epekteÐnei kai na

belti¸nei tic epidìseic twn ufist�menwn WCDMA diktÔwn. 'Ena epiplèon prìtupo,

to Evolved HSPA (epÐshc gnwst  wc HSPA+), leitoÔrghse sta tèlh tou 2008 [6].
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To HSPA uposthrÐzei auxhmènec taqÔthtec dedomènwn èwc kai 14 Mbit/s sto

downlink kai 5,8 Mbit/s sto uplink. Mei¸nei epÐshc thn kajustèrhsh (latency) kai

parèqei èwc kai pènte forèc megalÔterh qwrhtikìthta tou sust matoc sto downlink

kai mèqri thn dipl�sia qwrhtikìthta tou sust matoc sto uplink. To HSPA aux�nei

thn taqÔthta met�doshc dedomènwn kai thn qwrhtikìthta me di�forouc trìpouc [7]:

• Epimerismèno kan�li met�doshc (Shared Channel transmission), gegonìc pou

odhgeÐ se apotelesmatik  qr sh twn diajèsimwn pìrwn k¸dika kai isqÔoc sto

WCDMA.

• Mikrìtero mesodi�sthma met�doshc (TTI), to opoÐo mei¸nei ton qrìno met'

epistrìf c (RTT, Round-Trip Time) kai belti¸nei thn parakoloÔjhsh twn

gr gorwn dialleÐyewn tou kanalioÔ.

• Prosarmog  ZeÔxhc (Link Adaptation), h opoÐa megistopoieÐ th qr sh twn

kanali¸n kai epitrèpei sto stajmì b�shc na leitourgeÐ se sqedìn mègisth isqÔ

kuyèlhc.

• TaqÔc qronoprogrammatismìc (Fast Scheduling), o opoÐoc dÐnei proteraiìthta

stouc qr stec me touc plèon eunoðkoÔc ìrouc kan�lioÔ.

• Gr gorh anamet�dosh (retransmissions) kai soft-combining, pou prorsfèroun

peraitèrw aÔxhsh thc qwrhtikìthtac.

• 16 QAM (Quadrature Amplitude Modulation) diamìrfwsh, h opoÐa prosfèrei

uyhlìterouc rujmoÔc dedomènwn.

2.3.2 HSDPA: High-Speed Downlink Packet Access

To HSDPA eÐnai mia exeligmènh teqnologÐa kinht c thlepikoinwnÐac thc oikogèneiac

HSPA kai onom�sthke 3.5G, 3G+   turbo 3G, h opoÐa epitrèpei sta UMTS dÐktua

na èqoun uyhlìterec taqÔthtec met�doshc dedomènwn kai auxhmènh qwrhtikìthta. Oi

trèqousec ulopoi seic HSDPA uposthrÐzoun taqÔthtec kajodik c zeÔxhc twn 1.8,

3.6, 7.2 kai 14.0 Mbits/s. Peraitèrw aux seic sthn taqÔthta eÐnai diajèsimec me to

HSPA+ , to opoÐo prosfèrei taqÔthtec èwc kai 42 Mbit/s downlink kai 84 Mbit/s,

me thn Release 9 tou 3GPP.

• Ubridik  autìmath aÐthsh epanamet�dosh HARQ (Hybrid Automatic Repeat-

reQuest). Ta dedomèna diabib�zontai mazÐ me ta bits diìrjwshc sfalm�twn.

'Hssonoc shmasÐac l�jh mporeÐ ètsi na diorjwjoÔn qwrÐc anamet�dosh. O

qrìnoc met èpistrof c (RTT) gia thn anamet�dosh èqei beltiwjeÐ dedomènou
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ìti oi anametadìseic gÐnontai apì ton stajmì b�shc (Node B), antÐ tou elegkt 

radiodiktÔou (RNC).

• TaqÔc Programmatismìc Pakètwn. To HS-DSCH kan�li moir�zetai metaxÔ

twn qrhst¸n pou qrhsimopoioÔn programmatismì ekpomp c exart¸meno apì to

kan�li gia na k�noun thn kalÔterh qr sh twn diajèsimwn radiopìrwn. K�-

je suskeu  qr sth metadÐdei suneq¸c mia èndeixh thc poiìthtac tou downlink

s matoc 500 forèc an� deuterìlepto. Qrhsimopoi¸ntac autèc tic plhroforÐec

apì ìlec tic suskeuèc, o stajmìc b�shc apofasÐsei se poioÔc qr stec ja a-

postalloÔn dedomèna sto epìmeno 2 ms frame kai pìsa dedomèna ja prèpei na

apostalloÔn se k�je qr sth. MporoÔn na staloÔn perissìtera dedomèna se

qr stec oi opoÐoi brÐskontai se èkjesh uyhl c poiìthtac downlink s matoc .

• Prosarmostik  Diamìrfwsh kai KwdikopoÐhsh. To sq ma diamìrfwshc kai

kwdikopoÐhshc metab�llontai an� qr sth kai exart�tai apì thn poiìthta tou

s matoc kai thn qrhsimopoÐhsh thc kuyèlhc. To arqikì sq ma eÐnai QPSK

(Quadrature phase-shift keying) all� se kalèc sunj kec oi diamorf¸seic 16

QAM and 64 QAM mporoÔn na aux soun shmantik� touc rujmoÔc met�doshc

dedomènwn. Me dianom  5 kwdÐkwn, h QPSKprosfèrei èwc 1.8 Mbit/s en¸ h 16

QAM èwc 3.6 Mbit/s. Prìsjetoi k¸dikec mporoÔn epÐshc na qrhsimopoihjoÔn

(p.q. 10, 15) gia na belti¸soun touc rujmoÔc   na dieurÔnoun shmantik� thn

qwrhtikìthta tou diktÔou.

Stic epìmenec 3GPP prodiagrafèc tou HSPA+ aux�nontai oi rujmoÐ dedomènwn

peraitèrw me thn prosj kh thc 64QAM diamìrfwshc. MporeÐ na epiteuqjoÔn taqÔ-

thtec dedomènwn èwc kai 42 Mbit/s. me thn eisagwg  teqnologi¸n stoiqeio-kerai¸n

ìpwc morfopoÐhsh dèsmhc aktinobolÐac (beamforming) kai epikoinwnÐec pollapl c

eisìdou-exìdou pollapl¸n MIMO (Multiple-Input Multiple-Output). H morfopoÐ-

hsh dem c esti�zei thn ekpempìmenh isqÔc miac keraÐac se mia aktÐna proc thn kateÔ-

junsh tou qr sth. H MIMO teqnologÐa qrhsimopoieÐ pollaplèc keraÐec tìso sthn

plaur� thc ekpomp c ìso kai thc l yhc. Se nèec ekdìseic eisag�getai h leitourgÐa

diploÔ fèrontoc (Dual Carriers), dhlad  thn tautìqronh qrhsimopoÐhsh dÔo ferìn-

twn twn 5 MHz. Me to sunduasmì autì kai thn MIMO met�dosh, oi mègistoi rujmoÐ

met�doshc dedomènwn aggÐzoun ta 84 Mbit/s upì idanikèc sunj kec s matoc.

Mellontikèc anajewr seic tou HSPA+ uposthrÐzoun èwc 168 Mbit/s qrhsimo-

poi¸ntac pollapl� fèronta (MC-HSPA, Multi-Carriers HSPA) kai èwc 672 Mbit/s

sto 3GPP Release 11 qrhsimopoi¸ntac prohgmènec teqnikèc kerai¸n.
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2.3.3 HSUPA: High-Speed Uplink Packet Access

To HSUPA eÐnai mia teqnologÐa thc oikogèneiac HSPA me taqÔthtec �nw zeÔxhc èwc

5.76 Mbit/s. To ìnoma HSUPA dìjhke apì thn Nokia. To 3GPP den uposthrÐzei

to ìnoma HSUPA, ant' autoÔ qrhsimopoieÐ ton ìro EUL (Enhanced Uplink). Oi

prodiagrafèc tou HSUPA perigr�fontai sthn Release 6 tou UMTS protÔpou pou

dhmosieÔjhke apì to 3GPP.

To HSUPA qrhsimopoieÐ to kan�li E-DCH (Enhanced-Dedicated Channel) sto

opoÐo efarmìzontai mèjodoi prosarmog c zeÔxhc parìmoiec me tou HSDPA, ìpwc:

• Mikrìtera diast mata met�doshc (TTI) epitrèpontac grhgorìterh prosarmog 

zeÔxhc.

• HARQ (Hybrid ARQ) me stoiqei¸dh pleonasmìc epitrèpontac pio apotelesma-

tikèc epanametadìseic.

'Opwc kai to HSDPA, to HSUPA qrhsimopoieÐ èna qronoprogrammatist  pakètwn,

all� leitourgeÐ epÐ thc arq c tou ait matoc paraq¸rhshc (request-grant), dhlad 

ìtan ta UEs zht soun �deia gia na steÐloun dedomèna tìte o qronoprogrammatist c

apofasÐzei pìte kai pìsa UEs ja èqoun th dunatìthta na to pr�xoun. To aÐthma gia

th met�dosh perièqei plhroforÐec sqetikèc me thn kat�stash tou buffer met�doshc

kai thn our� sto UE, kaj¸c kai to perij¸rio thc diajèsimhc isqÔoc.

2.4 Sust mata Epikoinwni¸n 4hc Geni�c

2.4.1 LTE: Long Term Evolution

To 3GPP LTE [8] eÐnai to teleutaÐo prìtupo sthn oikogèneia twn diktÔwn kinht¸n

epikoinwni¸n pou par gage tic teqnologÐec diktÔou GSM/EDGE kai UMTS/HSPA

[9]. EÐnai èna èrgo tou 3GPP upì thn sunergasÐa tou ETSI (European Telecommu-

nications Standards Institute). An kai to LTE sun jwc kaleÐtai 4G [10], h pr¸th

èkdosh den kalÔptei tic 4G apait seic tou IMT Avanced. To pro-4G prìtupo eÐnai

èna b ma proc to LTE Advanced, èna prìtupo 4hc geni�c teqnologi¸n sqediasmèno

na aux sei thn qwrhtikìthta kai touc rujmoÔc met�doshc twn kinht¸n thlepikoinw-

niak¸n diktÔwn. To LTE Advanced eÐnai proc ta pÐsw sumbatì me to LTE, all� to

LTE den eÐnai proc ta pÐsw sumbatì me ta 3G sust mata.

H prodiagraf  LTE parèqei rujmoÔc met�doshc toul�qiston 100 Mbit/s down-

link, toul�qiston 50 Mbit/s uplink kai qrìnouc met' epistrof c (RTT) sto RAN

mikrìterouc twn 10 ms. To LTE uposthrÐzei fèronta klimakwtoÔ eÔrouc z¸nhc, apì

Qar�lampoc N. P tac - Didaktorik  Diatrib  13



Kef�laio 2. SÔgqrona Euruzwnik� DÐktua Kinht¸n Epikoinwni¸n

1.4 Mbit/s èwc 20 MHz uposthrÐzontac FDD (Frequency Division Duplexing) kai

TDD (Time Division Duplexing).

Tm ma tou LTE eÐnai h arqitektonik  diktÔou SAE (System Architecture Evolu-

tion) h opoÐa eÐnai orizìntia kai pl rwc IP, sqediasmènh na antikatast sei to GPRS

dÐktuo kormoÔ kaj¸c epÐshc kai na uposthrÐxei thn kinhtikìthta metaxÔ sumbat¸n

kai mh sumbat¸n me to 3GPP sust mata, ìpwc metaxÔ GPRS kai WiMAX.

Ta perissìtera stoiqeÐa tou protÔpou odhgoÔn thn anab�jmish tou 3G UMTS

sthn 4G teqnologÐa kinht¸n epikoinwni¸n, h opoÐa eÐnai èna sÔsthma kinht c euru-

zwnikìthtac me anabajmismènec uphresÐec polumèswn.

To prìtupo perilamb�nei ta ex c stoiqeÐa [11, 12]:

• Mègisto rujmì download 326.4 Mbit/s gia 4× 4 keraÐec, kai 172.8 Mbit/s gia

2× 2 keraÐec (qrhsimopoi¸ntac 20 MHz radiof�sma).

• Mègisto rujmì upload 86,4 Mbit/s gia k�je 20 MHz f�smatoc qrhsimopoi¸n-

tac mia apl  keraÐa.

• Toul�qiston 200 energoÐ qr stec (dedomènwn) an� kuyèlh.

• Ligìtero apì 5 ms kajustèrhsh gia mikr� pakèta IP.

• Auxhmènh euelixÐa radiof�smatoc, me fasmatikèc z¸nec apì 1.4 MHz èwc 20

MHz (to W-CDMA apaiteÐ z¸nec twn 5 MHz.

• Sth z¸nh twn 900 MHz, pou prèpei na qrhsimopoioÔntai stic agrotikèc perio-

qèc, uposthrÐzetai to bèltisto mègejoc thc kuyèlhc, eÐnai 5 km, 30 km mègejoc

up�rqei ikanopoihtik  epÐdosh, kai mèqri 100 km mègejoc kuyèlhc uposthrÐzon-

tai apodektèc epidìseic. Sthn pìlh kai tic astikèc perioqèc, qrhsimopoioÔntai

z¸nec uyhlìterwn suqnot twn (p.q. 1.8 GHz kai 2.6 GHz sthn EE) gia thn

upost rixh uyhl c taqÔthtac asÔrmath euruzwnik  sÔndesh. Sthn perÐptwsh

aut , ta megèjh twn kuyel¸n mporeÐ na eÐnai 1 qlm.   kai ligìtero.

• Kal  upost rixh thc kinhtikìthtac. Uyhlèc epidìseic sthn met�dosh dedomè-

nwn eÐnai efiktèc gia taqÔthtec èwc 350 km/h.

• SunÔparxh (dialeitourgÐa) me tic prohgoÔmenec teqnologÐec. 'Enac qr sthc

mporeÐ na xekin sei mia kl sh / uphresÐa se LTE kai ìtan den parèqetai k�luyh,

tìte na suneqÐzei thn paroq  thc uphresÐac qwrÐc diakop  eÐte se GSM/GPRS/

EDGE eÐte se W-CDMA UMTS diajèsima dÐktua eÐte akìma kai se WiMAX

(IEEE 802.16e) dÐktua [13].
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• Upost rixh thc teqnologÐac MBSFN (Multicast Broadcast Single Frequency

Network). Autì to qarakthristikì mporeÐ na prosfèrei uphresÐec ìpwc h kinht 

thleìrash (Mobile TV) qrhsimopoi¸ntac thn upodom  LTE. To LTE MBSFN

eÐnai antagwnistikì tou DVB-H.

• To radiodÐktuo prìsbashc Evolved UTRAN (E-UTRAN) apoteleÐtai mìno apì

exeligmènouc stajmoÔc b�shc (eNodeBs).

• Radio-diepafèc metagwg c pakètou.

Sq ma 2.3: SÔgqronec arqitektonikèc exeligmènwn radiodiktÔwn prìsbashc (e-RANs).

2.4.2 LTE Adv: Long Term Evolution Advanced

H tètarth geni� kuyelwt¸n asÔrmatwn thlepikoinwni¸n (4G   IMT-Advanced ìpwc

orÐsthke apì thn ITU-R) apaiteÐ mègistec taqÔthtec met�doshc sthn l yh 100Mbit/s

gia uyhl c kinhtikìthtac epikoinwnÐec (trèna, autokÐnhta) kai 1 Gbit/s gia qamhl 

kinhtikìthta (ìpwc pezoÐ kai stajeroÐ qr stec). 'Ena 4G sÔsthma problèpetai na

parèqei mia oloklhrwmènh, asfal  kai basismènh se IP kinht  euruzwnik  prìsbash

se èxupna termatik� (smart-phones), forhtoÔc upologistèc kai �llec forhtèc su-

skeuèc. UphresÐec ìpwc uper-euruzwnik  prìsbash sto DiadÐktuo, thlefwnÐa IP,

kaj¸c kai suneq  ro  polumèswn (multimedia streaming) mporoÔn na parèqontai

stouc qr stec.
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Ontìthta Perigraf  - LeitourgÐa

BS Base Station
BSC Base Station Controller
GERAN GSM/EDGE Radio Access Network
NodeB BS in UMTS
RNC Radio Network Controller
UTRAN Universal Terrestrial Radio Access Network
HSPA High Speed Packet Access
eNodeB Evolved NodeB in LTE
E-UTRAN Evolved UTRAN
EPC Evolved Packet Core
GGSN Gateway GPRS Support Node
SGSN Serving GPRS Support Node
MME Mobility Management Entity
PCRF Policy and Charging Resource Function
S-GW Serving Gateway
P-GW Packet Data Network Gateway
SAE GW System Architecture Evolution Gateway
HSS Home Subscriber Server

PÐnakac 2.1: StoiqeÐa radiodiktÔou (RAN) kai diktÔo prìsbashc (CN) se èna exeligmèno
dÐktuo kinht¸n epikoinwni¸n.

Se ìlec tic prot�seic gia 4G (LTE Advanced kai WirelessMAN-Advanced) uio-

jeteÐtai h teqnologÐa prìsbashc OFDMA kai �llwn sqhm�twn exisorrìphshc (equi-

lization) sto pedÐo thc suqnìthtac. Ta �nw sundu�zontai me teqnologÐec poll�pl¸n

kerai¸n MIMO, dunamik  an�jesh kanali¸n kai qronoprogrammatismìc ekpomp c ba-

sismèno sto kan�li.

Oi basikèc proôpojèseic gia na qarakthristeÐ èna asÔrmato kuyelweidèc sÔsthma

wc IMT-Advanced   4G eÐnai oi akìloujec:

• Basismèno se èna pl rec IP dÐktuo metagwg c pakètou.

• Mègistoi rujmoÐ met�doshc èwc 100 Mbit/s gia uyhl  kinhtikìthta ìpwc h

kinht  prìsbash kai èwc perÐpou 1 Gbit/s gia thn qamhl  kinhtikìthta, ìpwc

asÔrmath topik  prìsbash, sÔmfwna me tic apait seic thc ITU-R.

• Dunamik  dianom  kai axiopoÐhsh radiopìrwn tou diktÔou gia thn ìso to duna-

tìn perissìterouc qr stec tautìqrona an� kuyèlh.

• Klimakwtì eÔroc z¸nhc kanalioÔ, metaxÔ 5 kai 20 MHz, proairetik� èwc kai

40 MHz.

• Mègisth fasmatik  apìdosh zeÔxhc 15 bit/s/Hz sto downlink kai 6.75 bit/s/Hz
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sto uplink (pou shmaÐnei 1 Gbit/s sthn katerqìmenh zeÔxh se ligìtero apì 67

MHz eÔroc z¸nhc).

• Fasmatik  apìdosh sust matoc èwc kai 3 bit/s/Hz/cell sto downlink kai 2.25

bit/s/Hz/cell sto uplink.

• Omalèc diapompèc se eterogen  dÐktua.

• Dunatìthta upost rixhc uyhl c poiìthtac pareqìmenwn uphresi¸n polumèswn

epìmenhc geni�c.

Oi teqnologikèc prot�seic pou upobl jhkan sthn ITU (Working Party 5D) wc

upoy fia sust mata 4G  tan:

• LTE Advanced upì protupopoÐhsh apì to 3GPP kai uposthrÐzei tic radiote-

qnologÐec OFDMA / MIMO / SC-FDMA [14].

• WiMAX   802.16m upì protupopoÐhsh apì to IEEE kai uposthrÐzei tic radio-

teqnologÐec MIMO-SOFDMA [15].

2.5 SÔnoyh KefalaÐou

Sto parìn Kef�laio parousi�sthkan en suntomÐa oi sÔgqronec teqnologÐec asÔrma-

thc epikoinwnÐac eureÐac z¸nhc.

Eidikìtera sto sÔgqrono perib�llon kinht¸n epikoinwni¸n ja sunhp�rqoun proc

to parìn ìlec oi teqnologÐec radioprìsbashc. 'Etsi, ègine anafor� sta sust mata

GSM, UMTS kai HSPA ta opoÐa èqoun anaptuqjeÐ eurèwc. Par�llhla,  dh èqoun

k�nei thn emf�nis  touc pio euruzwnik� sust mata ìpwc to HSPA+ kai LTE ta opoÐa

exuy¸noun touc rujmoÔc met�doshc an� qr sth gia thn paroq  plèon anabajmismènwn

se poiìthta uphresi¸n ìpwc gr gorh plo ghsh sto diadÐktuo kaj¸c kai met�dosh

bÐnteo uyhl c eukrÐneiac se perib�llonta kinhtikìthtac

Sto arqikì st�dio èreunac, anakoin¸jhke mÐa ergasÐa se diejnèc epiqeirhmatikì

fìroum kinht¸n thlepikoinwni¸n [16].

�
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Kef�laio 3

Poiìthta EmpeirÐac (QoE) kai

Poiìthta Uphresi¸n (QoS)

H empeirÐa qr sth (User Experience, UX) mazÐ me to perieqìmeno (context) thc epi-

koinwnÐac kai thc poiìthta thc uphresÐac (apì thn pleur� tou sust matoc / diktÔou)

sumb�lloun sthn diamìrfwsh thc poiìthtac thc empeirÐac (Quality of Experience,

QoE) ìpwc parousi�zetai sto Sq ma 3.1. 'Ena sÔnolo ergasi¸n parousi�zoun thn

shmasÐa tou ìrou QoE kai tic mejìdouc antikeimenik c kai upokeimenik c axiolìgh-

shc twn uphresi¸n pou prosfèrontai stouc qr stec mèsw susthm�twn kai diktÔwn

epikoinwni¸n. Sthn teqnik  anafor� ETSI TR 102 643 [17] parousi�zontai oi an-

jr¸pinoi par�gontec kai eidikìtera oi apait seic QoE gia tic uphresÐec epikoinwni¸n

pragmatikoÔ qrìnou. H eidik  om�da ergasÐac ETSI STF 354 [18] parousi�zei odhgÐ-

ec kai prot�seic gia thn beltÐwsh thc empeirÐac qr sth se sust mata epikoinwni¸n.

Epiprìsjeta, stic odhgÐec ETSI EG 202 057, Part 1, 2, 3, 4[19, 20, 21, 22] orÐzon-

tai par�metroi QoS sqetizìmenec me ton qr sth gia uphresÐec fwn c, mhnum�twn kai

diadiktÔou, pareqìmenec apì dhmìsia dÐktua kinht¸n epikoinwni¸n. 'Omoia, h 3GPP

sthn teqnik  prodiagraf  3GPP TS 23.107 [23] parousi�zei to plaÐsio kai thn arqi-

tektonik  tou QoS.

Analutik�, mia episkìphsh twn ìrwn poiìthtac, QoX dhlad  CoS (Classes of

Services), GoS (Grade of Service), QoS, QoE, kai QoR (Quality of Resilience) sug-

kentr¸nontai sthn ergasÐa [24]. Mia pr¸th bibliografik  èreuna epÐ jem�twn QoS

kai QoE parousi�zetai ston sullogikì tìmo [25]. Eidikìtera, gia jèmata polumesik 

poiìthtac emperÐac èqoun dhmosieuteÐ shmantikìc arijmìc ergasi¸n [26, 27, 28, 29,

30]. KrÐnetai sunep¸c epitaktik  h an�gkh èreunac epÐ jem�twn poiìthtac empeirÐac

kai poiìthtac uphresi¸n.
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User

Quality of Service User Experience

Context

effectiveness

performance
delay

application efficiency
emotions

prior experiences

self efficacy

complexity

personalization

expectations

content

tangibles

usage context

compatibility

social context

mobility

quality

network
price

jitter interactions

enjoyment

usability

personal context

Sq ma 3.1: H diamìrfwsh thc Poiìthtac EmpeirÐac QoE sunart sei twn paragìntwn
thc Poiìthtac thc UphresÐac QoS, thc EmpeirÐac tou Qr sth (User Experience) kai tou
Perieqomènou (Context) thc uphresÐac.

3.1 Teqnik  OrologÐa Poiìthtac: QoE, ESQoS,

SQoS

H poiìthta empeirÐac (Quality of Experience, QoE), h ap' �krh-se-�krh poiìthta

uphresÐac (End-to-end Service Quality of Service, ESQoS) kai h poiìthta tou su-

st matoc (System Quality of Service, SQoS) eÐnai shmantikoÐ par�gontec ìtan pro-

sfèrontai uphresÐec epikoinwni¸n se pel�tec. Oi nèec ekdìseic tou 3G prosfèroun

sthn agor� pollèc nèec uphresÐec polumesik c epikoinwnÐac. EÐnai anagkaÐo loipìn

ìti èna uyhlì epÐpedo poiìthtac uphresi¸n (QoS) ja eÐnai antilhptì apì ton qr -

sth gia tic nèec polumesikèc uphresÐec ¸ste na problhjeÐ h idèa enìc prohgmènou

sust matoc wc èna mèsou epikoinwnÐac me eureÐa diajesimìthta.

H pijanìthta qr shc polumesik¸n uphresi¸n mèsw 3G me ènan praktikì kai a-

xiìpisto trìpo eÐnai polÔ shmantikì sto �meso mèllon. Gia autèc tic nèec uphresÐec,

eÐnai bèbaio ìti èna polÔ megalÔtero mègejoc thlepikoinwniak c kÐnhshc ja par�ge-

tai metaxÔ twn kinht¸n termatik¸n kai twn exuphretht¸n. Autì dÐnei barÔthta stic

apait seic poiìthtac uphresi¸n.

Oi deÐktec thc ap' �krh-se-�krh epÐdoshc uphresÐac proteÐnontai na kajistoÔn

dunat  stouc thlepikoinwniakoÔc parìqouc thn axiolìghsh thc poiìthtac uphresÐac

ìpwc gÐnetai antilhpt  apì touc telikoÔc qr stec (end-users). Autì perilamb�nei:

• Orismìc twn qarakthristik¸n epÐdoshc pou eÐnai oi pio sqetikoÐ me touc teli-

koÔc qr stec (Poiìthta EmpeirÐac   QoE).
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• Orismìc thc antÐstoiqishc metaxÔ QoE kai twn qarakthristik¸n uphresÐac me-

troÔmenwn ap' �krh-se-�krh (ESQoS), h antistoÐqish metaxÔ ESQoS kai sug-

kekrimènwn qarakthristik¸n thc uphresÐac sust matoc (SQoS).

Oi par�metroi tou QoE perigr�foun thn ap' �krh-se-�krh poiìthta ìpwc gÐnetai

antilhpt  apì touc telikoÔc qr stec. AutoÐ eÐnai dÔskolo na metrhjoÔn kai na

posotikopoihjoÔn.

Oi par�metroi SQoS eÐnai deÐktec oi opoÐoi eÐnai pio sqetikoÐ me thn kat�stash tou

diktÔou kai kajorÐzontai apì thn pleur� tou p�roqou uphresi¸n par� apì thn pleur�

tou qr sth. Oi par�metroi SQoS mporoÔn na jewrhjoÔn wc ta qarakthristik� twn

diktÔwn, ta opoÐa eÐnai shmantik� gia thn eggÔhsh twn apait sewn QoE apì touc

qr stec.

Oi par�metroi ESQoS perigr�foun to epÐpedoQoS miac ap' �krh-se-�krh uphresÐa.

Lamb�nontai �mesa apì tic paramètrouc QoE me thn antistoÐqis  touc se paramètrouc

pio sqetikoÔc proc touc parìqouc diktÔwn kai uphresi¸n.

3.1.1 QoE: Quality of Experience

To QoE eÐnai to sunolikì epÐpedo apodoq c miac efarmog c   uphresÐac ìpwc gÐnetai

upokeimenik� antilhptì apì ton telikì qr sth.

ShmeÐwsh 1 To QoE perilamb�nei tic sunolikèc epidr�seic ap' �krh-se-�krh tou

sust matoc (qr sthc, termatikìc exoplismìc, dÐktuo, upodomèc uphresi¸n ktl)

ShmeÐwsh 2 To sunolikì epÐpedo apodoq c mporeÐ na ephreasteÐ apì tic prosdo-

kÐec tou qr sth kai to perieqìmeno.

To QoE upodeiknÔei metrikèc ìpwc ekfr�zontai apì thn pleur� twn telik¸n qrh-

st¸n uphresÐac. DÔnatai na apaithjoÔn   na anaferjoÔn apì touc koinoÔc qr stec

kai mporeÐ na jewrhjoÔn adÔnatoi mètrhshc.

QoE Par�metroi

Apì pleur�c qr sth, to QoE den mporeÐ na kajoristeÐ mìno apì teqnikèc metr seic.

Ja prèpei na kajoristeÐ apì diereÔnhsh tou qr sth qrhsimopoi¸ntac tic akìloujec

mejìdouc.

1. Oi qr stec parèqoun mia gn¸mh gia to QoE pou aforoÔn mìno tic aisj seic

kai tic empeirÐec touc. O deÐkthc mètrhshc tou QoE eÐnai upokeimenikìc.
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Sq ma 3.2: AntistoÐqish twn paramètrwn QoE kai ESQoS.

2. Qr sei k�poiwn klassik¸n deikt¸n tou QoE, oi qr stec mporoÔn na l�boun

apìfash gia thn epilog  k�poiwn apì autoÔc wc anagkaÐouc deÐktec tou QoE.

H epÐdosh thc uphresÐac mporeÐ na qarakthristeÐ wc akoloÔjwc:

Lìgw tou ìti oi par�metroi kai oi deÐktec mètrhshc tou QoE sqetÐzontai �mesa me

ton orismì thc uphresÐac, eÐnai pijan  h antistoÐqish twn stoiqeÐwn thc uphresÐac se

metr simec paramètrouc   deÐktec ESQoS kai SQoS, kaj¸c autoÐ sqetÐzontai �mesa

me thn epÐdosh twn stoiqeÐwn thc uphresÐac.

Oi koinèc apait seic gia diaforetikèc uphresÐec sullègontai kai kathgoriopoioÔn-

tai loipìn se QoE, parablèpontac thn metrhsimìthta. 'Etsi to QoE gia thn an�lush

thc uphresÐac poikÐlei gia touc di�forouc tÔpouc twn uphresi¸n, tic mejìdouc dia-

nom c kai ta shmeÐa epopteÐac (monitoring).

3.1.2 ESQoS: End-to-end Service QoS

To ESQoS genik� qrhsimopoieÐtai gia na kajorÐsei leptomer¸c thn epÐdosh twn uph-

resi¸n apì th pleur� twn thlepikoinwniak¸n parìqwn kai twn parìqwn uphresi¸n.

Kaj¸c o arijmìc twn nèwn uphresi¸n anaptÔssontai ragdaÐa kai gÐnontai pio sÔn-

jetec, eÐnai shmantikì gia ènan p�roqo na metr� me akrÐbeia to ESQoS tou diktÔou

kai na to belti¸nei suneq¸c ¸ste na petuqaÐnei pelateiak  pÐsth kai na diathreÐ thn

antagwnistik  tou jèsh. To ESQoS eÐnai metr simo kai mporeÐ na posotikopoihjeÐ

ep�krib¸c me pollèc paramètrouc se antÐjesh me to QoE.

3.1.3 SQoS: System Quality of Service

O ìroc tou SQoS eÐnai èna uposÔnolo tou tupikoÔ QoS, to opoÐo orÐzetai apì thn

prodiagraf  ITU-T Rec. E.800 [31] wc to ajroistikì apotèlesma twn epidìsewn thc

uphresÐac pou kajorÐzei thn ikanopoÐhsh tou qr sth thc uphresÐac. QarakthrÐzetai

22 Qar�lampoc N. P tac - Didaktorik  Diatrib 



Kef�laio 3. Poiìthta EmpeirÐac (QoE) kai Poiìthta Uphresi¸n (QoS)

apì sunduasmèna jèmata twn paragìntwn epÐdoshc pou efarmìzontai se ìlec tic

uphresÐec ìpwc:

• epÐdosh paroq c/upost rixhc thc uphresÐac (service support performance),

• epÐdosh prosbasimìthtac thc uphresÐac (service accessibility performance),

• epÐdosh diathrhsimìthtac thc uphresÐac (service retainability performance),

• epÐdosh akeraiìthtac thc uphresÐac (service integrity performance),

• epÐdosh asf�leiac thc uphresÐac (service security performance).

Se sÔgkrish me to ESQoS, to SQoS dhl¸nei to apì shmeÐo-se-shmeÐo QoS, to

opoÐo sqetÐzetai sugkekrimèna me mon�dec kai zeÔxeic twn susthm�twn tou diktÔou,

par� me thn sunolik  uphresÐa   to dÐkto. To SQoS mporeÐ na qarakthristeÐ wc mia

je¸rhsh tou QoS apì thn pleur� twn parìqwn diktÔou.

Par�metroi SQoS

H poiìthta miac uphresÐac ìpwc thn antilamb�netai o qr sthc ephre�zetai tìso apì

to dÐktuo ìso kai apì ton termatikì exoplismì. Kaj¸c h eufuÐa kai h poluplokìthta

miac efarmog c/uphresÐac aux�netai, h epÐdosh thc efarmog c gÐnetai shmantikìc

par�gontac ston kajorismì thc poiìthtac, antilhpt c apì ton qr sth. Oi uphresÐec

eÐnai efarmogèc oi opoÐec ekteloÔntai se koin� stoiqeÐa tou diktÔou. Oi par�metroi

SQoS eÐnai sugkekrimènoi deÐktec mètrhshc oi opoÐoi antanakloÔn thn kat�stash twn

stoiqeÐwn tou diktÔou kai kajorÐzontai apì thn pleur� tou parìqou uphresi¸n par�

apì touc qr stec twn uphresi¸n. Oi sqetikoÐ par�metroi mporoÔn diakrijoÔn se 5

kathgorÐec:

1. Pel�thc (Client)

2. DÐktuo AsÔrmathc Prìsbash (Radio Access Network)

3. AsÔrmato DÐktuo Metafor�c (Wireless Transport Network)

4. EnsÔrmato DÐktuo Metafor�c (Wired Transport Network)

5. Kìmboc DiekperaÐwshc (Transaction Node)

K�je kathgorÐa èqei 3 epÐpeda ta opoÐa antanakloÔn ta epÐpeda prwtokìllwn sto

dÐktuo:

1. EpÐpedo Efarmog c (Application Layer)
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Sq ma 3.3: Oi par�metroi twn QoE, ESQoS, kai SQoS.

2. EpÐpedo Metafor�c (Transport Layer)

3. EpÐpedo DiktÔou (Network Layer) - EpÐpeda ZeÔxhc Dedomènwn (Data Link)

kai Fusikì EpÐpedo (Physical Layer).

Oi par�metroi twn QoE, ESQoS kai SQoS parousi�zontai sunoptik� sto Sq -

ma 3.3.

3.2 Poiìthta ThlefwnÐac

H taqeÐa an�ptuxh twn yhfiak¸n teqnologi¸n èqei odhg sei sthn auxhmènh an�gkh

gia axiolìghsh twn susthm�twn met�doshc. H sÔstash ITU Rec. P.800 [32], pe-

rigr�fei tic mejìdouc upokeimenik c axiolìghshc pou jewroÔntai kat�llhlec gia na

kajoristeÐ to pìso ikanopoihtik  anamènetai na eÐnai h epÐdosh dedomènwn thlefwni-

k¸n sundèsewn. H upokeimenik  axiolìghsh basÐzetai sto mèso ìro twn bajmologi¸n

gn¸mhc (MOS), b�sei thc sÔstash ITU-T Rec. P.800.1 [33], dhlad  twn tim¸n se

mia prokajorismènh klÐmaka sthn opoÐa oi summetèqontec ekfr�zoun th gn¸mh touc

gia thn epÐdosh tou thlefwnikoÔ sust matoc, eÐte gia sunomilÐa eÐte gia akrìash

proforikoÔ ulikoÔ.
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BajmologÐa Poiìthta omilÐac (ACR) EpÐpedo upob�jmishc (DCR)

5 Exairetik  AnepaÐsjhth
4 Kal  Aisjht  all� ìqi enoqlhtik 
3 Mètria Elafr¸c enoqlhtik 
2 Asjen c Enoqlhtik 
1 PolÔ Kak  PolÔ enoqlhtik 

PÐnakac 3.1: KlÐmaka upokeimenik c axiolìghshc ACR-DCR.

H MOS proorÐzetai gia genik  efarmog , anexart twc thc morf c pou parou-

si�zoun oi par�gontec upob�jmishc ìpwc oi ap¸leiec (suqn� exarthmènec apì th

suqnìthta), o jìruboc kukl¸matoc, ta sf�lmata met�doshc (p.q. tuqaÐa sf�lma-

ta bit), o jìruboc perib�llontoc, o pl�gioc tìnoc (sidetone), h hq¸ omilht , h mh

grammik  paramìrfwsh (p.q. kwdikopoÐhsh qamhloÔ bit rate), o qrìnoc di�doshc, oi

epipt¸seic twn suskeu¸n fwn c, oi paramorf¸seic pou prokÔptoun apì th metagwg 

pakètou qronometablhtèc upobajmÐseic tou diaÔlou epikoinwnÐac.

H upokeimenik  axiolìghsh diex�getai qrhsimopoi¸ntac kurÐwc mejìdouc ako c

  sunomilÐac. H pio sunhjismènh mèjodoc gia akoustikèc dokimèc eÐnai h Apìluth

Diab�jmish KathgorÐac (ACR), h opoÐa katat�ssei thn poiìthta omilÐac sthn klÐ-

maka “1-5” kai apeikonÐzetai ston PÐnaka 3.1. Enallaktik�, sthn Ðdia klÐmaka, h

ACR qrhsimopoieÐ th diab�jmish thc prosp�jeiac pou katab�llei o akroat c gia thn

katanìhsh tou no matoc twn fr�sewn pou akoÔei,   th diab�jmish thc protÐmhshc

tou akroat  wc proc thn èntash tou  qou. H ACR èqei efarmosteÐ sthn analo-

gik  kai yhfiak  thlefwnÐa. 'Allec mèjodoi pou qrhsimopoioÔntai eÐnai o Bajmìc

KathgorÐac Upob�jmishc (DCR), h Diab�jmish KathgorÐac SÔgkrishc (CCR) kai h

Mèjodoc KatwflÐou (Threshold Method). Ston PÐnaka 3.1 parousi�zetai h klÐmaka

upokeimenik c axiolìghshc ACR-DCR.

3.2.1 Antilhptik  Axiolìghsh Poiìthtac ThlefwnÐac

H MOS eÐnai h pio axiìpisth mèjodoc ektÐmhshc thc poiìthtac omilÐac, all� eÐnai

par�llhla polÔ dapanhr  kai qronobìra. Wc ek toÔtou, anaptÔqjhke èna montèlo

gia thn ektÐmhsh thc upokeimenik c poiìthtac pou lamb�netai se akoustikèc doki-

mèc, thn PESQ (Perceptual Evaluation of Speeh Quality) thc sÔstashc ITU-T Rec.

P.862 [34]. OrÐsthke to 2001 apì thn ITU-T arqik� gia epikoinwnÐa sten c z¸nhc

(3.1kHz), en¸ argìtera epekt�jhke kai se euruzwnik� sust mata (50-7000Hz). Se

antÐjesh me to prohgoÔmenh sÔstash, ITU-T Rec. P.861 (PSQM), h PESQ lamb�nei

upìyh orismèna fainìmena, ìpwc filtr�risma, metablht  kajustèrhsh, paramìrfwsh

kwdikopoÐhshc kai sf�lmata kanalioÔ.
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Sq ma 3.4: Exèlixh twn algorÐjmwn axiolìghshc poiìthtac fwn c.

Shmantikì pl joc ergasi¸n parousi�zoun to z thma thc mètrhshc kai axiolìgh-

shc poiìthtac thlefwnÐac se dhmìsia dÐktua kinht¸n epikoinwni¸n [35, 36, 37, 38, 39].

Eidikì endiafèron emfanÐzetai kai sthn sugkritik  axiolìghsh poiìthtac fwn c sta

kinht� dÐktua [40].

Prìkeitai gia mia antikeimenik  mèjodo pou entopÐzei paramorf¸seic tou  qou mè-

sw miac diadikasÐac h opoÐa basÐzetai sthn anjr¸pinh antÐlhyh kai eÐnai efarmìsimh

se codecs fwn c, kaj¸c kai se metr seic apì �krh-se-�krh. Sugkekrimèna, h PESQ

sugkrÐnei to prwtìtupo s ma omilÐac (s ma anafor�c) me èna upobajmismèno s ma, to

opoÐo eÐnai to apotèlesma tou pr¸tou, kaj¸c pern� mèsa apì to upì exètash dÐktuo.

Prokeimènou na pragmatopoi sei th sÔgkrish, o algìrijmoc qrhsimopoieÐ èna antilh-

ptikì (yuqoakoustikì) kai èna gnwstikì montèlo. To yuqoakoustikì montèlo pou

efarmìzetai tìso sto prwtìtupo ìso kai sto upobajmismèno s ma qrhsimopoieÐtai

gia ton upologismì thc eswterik c (  yuqoswmatik c) anapar�stashc twn deigm�twn

omilÐac. Sugkekrimèna, to montèlo ekteleÐ èna metasqhmatismì apì to fusikì pedÐo

pou antiproswpeÔei to s ma omilÐac sto yuqoswmatikì pedÐo to opoÐo ekfr�zei h

anjr¸pinh antÐlhyh. Autì epitugq�netai se di�fora st�dia: qronik  eujugr�mmish,

eujugr�mmish epipèdou, filtr�risma, qrono-suqnotikìc metasqhmatismìc, paramìr-

fwsh suqnìthtac, antist�jmish gia tic metabolèc kèrdouc metaxÔ tou prwtìtupou

kai tou upobajmismènou s matoc kai metasqhmatismìc akoustìthtac (mia upob�jmi-

sh pou akoÔgetai sto tèloc tou deÐgmatoc omilÐac èqei megalÔtero antÐktupo sthn

anjr¸pinh antÐlhyh ap' ì,ti sthn arq  tou deÐgmatoc).

Gia ton upologismì thc upob�jmish thc poiìthtac omilÐac pou antiproswpeÔetai

apì th diataraq  metaxÔ twn yuqoswmatik¸n anaparast�sewn tou s matoc anafor�c
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Sq ma 3.5: Di�gramma leitourgÐac tou algìrijmou PESQ.

kai tou upobajmismènou s matoc, to gnwstikì montèlo ekteleÐ sÔnjetouc, mh gram-

mikoÔc upologismoÔc. ParadeÐgmata aut¸n twn upologism¸n eÐnai h qrono-suqnotik 

epik�luyh thc anepaÐsjhthc diataraq c, upologismìc asÔmmetrhc diataraq c (st�j-

mish twn prìsjetwn suqnot twn pou eis�gontai genik� apì ton codec), st�jmish

twn diasthm�twn sig c, mh grammikìc mèsoc ìroc thc summetrik c kai asÔmmetrhc

diataraq c sto pedÐo tou qrìnou kai thc suqnìthtac, upologismìc enìc disdi�sta-

tou (exet�zontac tic summetrikèc kai asÔmmetrec diataraqèc) mètrou thc poiìthtac

pou dÐnei mia tim  kai to opoÐo antiproswpeÔei ton ektimht  thc poiìthtac omilÐac.

To apotèlesma tou algorÐjmou brÐsketai mèsa sto eÔroc -0.5 èwc 4.5, ìpou to -0.5

antiproswpeÔei th qamhlìterh poiìthta.

To prìtupo P.862 parèqei apotelèsmata entìc tou eÔrouc -0.5 èwc 4.5, gego-

nìc pou den epitrèpei mia grammik  sÔgkrish me th MOS bajmologÐa. To 2003, sth

sÔstash ITU-T Rec. P.862.1 [41] parèqetai mia sun�rthsh pou apeikonÐzei ta apote-

lèsmata thc mejodologÐac PESQ sthn klÐmaka MOS. Eidikìtera, to prìtupo P.862.1

sqedi�sthke me stìqo:

• na par�gei timèc entìc tou eÔrouc [1, 4.5]

• na d¸sei apotelèsmata pou eÐnai kont� sto mèso ìro MOS gia meg�lo mèroc

upokeimenik¸n dokim¸n

• na efarmìzetai se di�forouc tÔpouc diktÔou (stajerì, kinhtì, VoIP)

• na efarmìzetai se di�foresgl¸ssec / q¸rec

H sun�rthsh apeikìnishc thc PESQ èqei beltistopoihjeÐ gia èna meg�lo pl joc

upokeimenik¸n dedomènwn pou antiproswpeÔoun diaforetikèc efarmogèc kai gl¸ssec.

H epÐdos  thc eÐnai kalÔterh apì aut  tou protÔpou P.862, afoÔ mei¸nei shmantik�

ta sf�lmata kai parousi�zei megalÔterh susqètish me thn upokeimenik  bajmologÐa.
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Epiplèon, dieukolÔnei thn ermhneÐa twn apotelesm�twn sthn upokeimenik  klÐmaka

poiìthtac fwn c, qwrÐc kamÐa ousiastik  meÐwsh thc akrÐbeiac tou montèlou, exa-

sfalÐzontac allag  klÐmakac apì -0.5 èwc 4.5 pou  tan sto P.862, se 1.02 èwc 4.56.

Mia diadikasÐa palindrìmhshc eÐnai aparaÐthth prin gÐnei �mesh sÔgkrish PESQ-

MOS, me stìqo na exaleÐyei tuqìn diakum�nseic (pou ofeÐlontai se atomikèc diaforèc

klp). H protim¸menh mèjodoc palindrìmhshc gia ton upologismì thc susqètishc

metaxÔ thc bajmologÐac PESQ kai thc upokeimenik c MOS, qrhsimopoieÐ 3hc t�xhc

monìtono polu¸numo. Ta mètra epÐdoshc, ìpwc orÐzontai sto prìtupo P.862, eÐnai:

• Suntelest c susqètishc o opoÐoc upologÐzetai apì ton tÔpo tou Pearson gia

th susqètish.

r =

N∑
i=1

(xi − x̄)(yi − ȳ)√√√√ N∑
i=1

(xi − x̄)2

√√√√ N∑
i=1

(yi − ȳ)2

(3.1)

Ston parap�nw tÔpo, eÐnai h MOS tim  gia th sunj kh, eÐnai o mèsoc ìroc

twn tim¸n MOS, eÐnai h tim  PESQ gia th sunj kh kai eÐnai o mèsoc ìroc twn

tim¸n PESQ. Gia na upologisteÐ o suntelest c susqètishc, prèpei kanonik�

na èqei prohghjeÐ apeikìnish twn antikeimenik¸n bajmologi¸n sthn klÐmaka

twn upokeimenik¸n. Met� apì seir� peiram�twn thc ITU, h mèsh susqètish

upologÐsthke 0.935.

• RÐza mèsou tetragwnikoÔ sf�lmatoc (RMSE)   sf�lma prìbleyhc Ep. H pa-

lindrìmhsh afaireÐ opoiod pote susthmatikì offset an�mesa sthn antikeimenik 

kai thn upokeimenik  MOS bajmologÐa, elaqistopoi¸ntac to RMSE:

RMSE = Ep =

√√√√√√
N∑
i=1

(xi − yi)
2

N
(3.2)

ìpou N o arijmìc twn deigm�twn pou summetèqoun sthn an�lush.

• Mèso sf�lma. To istìgramma twn apolÔtwn sfalm�twn |ei| = |xi − yi| parè-
qei mia gr gorh �poyh gia to pìso suqn� sumbaÐnoun sf�lmata diaforetik¸n

28 Qar�lampoc N. P tac - Didaktorik  Diatrib 



Kef�laio 3. Poiìthta EmpeirÐac (QoE) kai Poiìthta Uphresi¸n (QoS)

Mètro epÐdoshc PESQ P.862.1

R 0.876 0.879
Ep 0.492 0.441
Em -0.121 0.031

PÐnakac 3.2: SÔgkrish epÐdoshc PESQ kai P.862.1.

Sq ma 3.6: Katanom  sf�lmatoc metaxÔ antikeimenik¸n kai upokeimenik¸n metr sewn.

megej¸n.

Em =

√√√√√√
N∑
i=1

(xi − yi)

N
(3.3)

Se metagenèsterh sÔstash ITU-T Rec. P.862.2   PESQ-WB [42] proteÐnetai

prohgmènh mèjodoc axiolìghshc deigm�twn fwn c eureÐac z¸nhc metadidìmena se th-

lefwnik� dÐktua. To 2011, dhmiourg jhke h sÔstash ITU-T Rec. P.863 [43]. O

algìrijmoc antikeimenik c axiolìghshc thc antilhptik c poiìthtac fwn c POLQA

(Perceptual Objective Listening Quality Assessment) mporeÐ na qrhsimopoihjeÐ gia

thn ap' �krh-se-�krh axiolìghsh thc poiìthtac fwn c se stajer�, kinht� kai IP-

dÐktua kai kwdikopoiht¸n fwn c kalÔptontac s mata sten c, eureÐac kai uper-eureÐac

z¸nhc.

Ta s mata thlefwnÐac kwdikopoioÔntai me yhfiakoÔc kwdikopoihtèc, codecs. Sthn

dÐktua kinht¸n epikoinwni¸n qrhsimopoioÔntai prosarmostikoÐ polurujmikoÐ kwdiko-

poihtèc fwn c   AMR (Adaptive Multi Rate) kai eÐnai oi ex c:

• AMR Full Rate kai Half Rate [44]
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• EFR (Enhanced Full Rate) [45]

• AMR WB (Wide Band) [46]

• AMR WB+ (Extended Wide Band) [47]

3.2.2 Poiìthta Kl shc ThlefwnÐac

H axiolìghsh thc poiìthtac miac thlefwnik c kl shc gÐnetai apì thn sÔgkrish twn

deigm�twn fwn c pou metadìjhkan apì ton kaloÔnta, S(t) = {S1(t1), S2(t2), . . . ,

Sn(tn)}, me ta antÐstoiqa upobajmismèna deÐgmata pou el fjhsan, Ŝ(t) = {Ŝ1(t1),

Ŝ2(t2), . . . , Ŝn(tn)}, apì kaloÔmeno, efarmìzontac ton algìrijmo antikeimenik c axio-

lìghshc. O deÐkthc antikeimenik c axiolìghshc poiìthtac fwn c eÐnai polÔ kont�

sthn tim  pou ja lamb�name an ta deÐgmata Ŝ eÐqan upoblhjeÐ sthn upokeimenik 

ektÐmhsh apì mia om�da qrhst¸n thc uphresÐac.

SpeechQualityi→j[MOSLQO] =

n∑
k=1

fLQ(Sk,i(tk), Ŝk,j(tk))

n
(3.4)

ìpou o deÐkthc poiìthtac fwn c mporeÐ na upologisteÐ kai gia thn pleur� tou kaloÔn-

ta A kai antÐstoiqa gia ton kaloÔmeno B   (i, j) ∈ {(A,B), (B,A)}, fLQ h sun�rthsh

pou antistoiqeÐ ston algìrijmo upologismoÔ kai MOSLQO (MOS listening quality

objective) h metatrop  twn apotelesm�twn sthn klÐmaka MOS.

EpÐshc, gia ton kajorismì thc poiìthtac kl shc mporeÐ na lhfjoÔn [48]:

• EpÐdrash deigm�twn kak c poiìthtac proc to tèloc miac kl shc.

• EpÐdrash enìc deÐgmatoc polÔ kak c poiìthtac.

EpÐdrash deigm�twn kak c poiìthtac proc to tèloc miac kl shc.

An lhfjoÔn upìyh gia thn axiolìghsh thc poiìthtac thc kl shc ta deÐgmata fwn c

kak c poiìthtac pou parousi�zontai proc to tèloc thc kl shc, (recency effect, RE),

tìte h poiìthta thc kl shc n deigm�twn qr sei suntelest¸n bar¸n αi upologÐzetai

apì thn sqèsh:

MOSRE =

n∑
i=1

αi ·MOSi

n∑
i=1

αi

(3.5)
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1.5 2 2.5 3 3.5 4 4.5
P862.1

P862.1 CDF plots for all codecs in GSM 900/1800MHz Networks (Direction: Mobile Phone to Voice Server)
 

GSM900, A−>B, EFR
GSM1800, A−>B, EFR
GSM900, A−>B, AMR FR
GSM1800, A−>B, AMR FR
GSM900, A−>B, AMR HR
GSM1800, A−>B, AMR HR

(αʹ) Κατεύθυνση uplink

1.5 2 2.5 3 3.5 4 4.5
P862.1

P862.1 CDF plots for all codecs in GSM 900/1800MHz Networks (Direction: Voice Server to Mobile Phone)
 

GSM900, B−>A, EFR
GSM1800, B−>A, EFR
GSM900, B−>A, AMR FR
GSM1800, B−>A, AMR FR
GSM900, B−>A, AMR HR
GSM1800, B−>A, AMR HR

(βʹ) Κατεύθυνση downlink

Sq ma 3.7: H epÐdosh thc poiìthtac fwn c (P.862.1) gia touc kwdikopoihtèc EFR kai
AMR FR/HRgia tic kateujÔnseic met�doshc (a') uplink, kai (b') downlink, se dÐktua GSM
900/1800 MHz.
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Sq ma 3.8: H epÐdosh thc poiìthtac fwn c (P.862.1) gia ton kwdikopoiht  AMR WB
gia tic kateujÔnseic met�doshc uplink kai downlink, se dÐktua UMTS 2100 MHz.

An o qrìnoc metaxÔ tou tèlouc tou teleutaÐou deÐgmatoc kai tou mèsou tou deÐg-

matoc i eÐnai ti, tìte isqÔei gia ta deÐgmata gia ti < 19 thn tim  b�rouc

αi =
1

2
· 19− ti

19
+

1

2
(3.6)

Gia ti ≥ 19 o suntelest c b�rouc eÐnai stajerìc kai Ðsoc me α = 1/2.

EpÐdrash enìc deÐgmatoc polÔ kak c poiìthtac.

H susqètish mporeÐ na beltiwjeÐ shmantik� lamb�nontac upìyh to to deÐgma me thn

qeirìterh poiìthta. Empeirik� apodeiknÔetai ìti èna polÔ kakì deÐgma ephre�zei thn

sunolik  entÔpwsh tou qr sth gia thn sunolik  poiìthta thc kl shc, ètsi autì ja

prèpei na sunupologisteÐ.

'Etsi to montèlo ja prèpei na epektajeÐ sumperilamb�nontac kai thn epÐptwsh tou

deÐgmatoc me thn qeirìterh poiìthta:

MOSCall =MOSRE − 0.3 ·
(
MOS − min

i∈[1,N ]
MOSi

)
(3.7)

3.2.3 Poiìthta ThlefwnÐac KinhtoÔ DiadiktÔou

H thlefwnÐa diadiktÔou   VoIP (Voice over IP) brÐskei efarmog  tìso se stajer�

ìso kai se asÔrmata kai kinht� dÐktua. Ta WCDMA dÐktua mporoÔn na prosfèroun

ikanopoihtikì epÐpedo poiìthtac se uphresÐec VoIP. Sthn perÐptwsh eidik� thc HSPA

teqnologÐac belti¸netai h epÐdosh ap�akrh se �krh (end-to-end) kai h qwrhtikìth-
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ta gia uphresÐec VoIP. M�lista, teleutaÐa up�rqoun emporik� diajèsimec termati-

kèc suskeuèc me dunatìthtec VoIP oi opoÐec mporoÔn na ektelèsoun eÐte klasikèc

CS kl seic fwn c eÐte VoIP kl seic se asÔrmata topik� (WLAN)   mhtropolitik�

WCDMA-OFDMA dÐktua.

Gia peraitèrw emb�junsh, proteÐnetai h melèth twn sust�sewn ITU-T Rec. Y.1540

[49] gia paramètrwn epÐdoshc se IP-dÐktua kai thn ITU-T Rec. Y.1541 [50] gia deÐktec

epÐdoshc IP-uphresi¸n. Tèloc, h om�da sust�sewn ITU-T Rec. G parousi�zei èna

plaÐsio orism¸n gia poiìthta uphresi¸n stic epikoinwnÐec (G.1000 [51]), tic kathgo-

rÐec multimedia QoS telikoÔ qr sth (G.1010 [52]), orÐzei touc deÐktec epÐdoshc gia

jèmata poiìthtac thlefwnÐac kai loipèc efarmogèc thlefwnÐac se IP-dÐktua (G.1020

[53]) kaj¸c kai efarmog¸n uphresi¸n dedomènwn (G.1030 [54]).

Sthn perÐptwsh UMTS/HSPA diktÔwn oi VoIP kl seic dromologoÔntai mèsw thc

perioq c metagwg c pakètou tou diktÔou kormoÔ (Packet Core) sto IMS (IP Mul-

timedia Subsystem)   se sugkekrimèno VoIP exuphretht  (Dedicated VoIP Server).

KrÐsima stoiqeÐa gia thn paroq  VoIP uphresi¸n se UMTS dÐktua einai:

• 'Uparxh HSPA/HSPA+ teqnologi¸n

• SumpÐesh IP kefalÐdwn, eidik� me algìrijmouc ROHC (Robust Header Com-

pression). H uperkefalÐda (overhead) se IPv4 dÐktua anèrqetai se 40 Bytes

kai se IPv6 sta 60 Bytes,  toi posostì toul�qiston to 60% sta VoIP pakèta

• EnergopoÐhsh thc kathgorÐac poiìthtac uphresÐac �sunomilÐas� (conversational).

• 'Uparxh sust matoc IMS   exuphretht  VoIP.

• Efarmog  apodotik¸n algorÐjmwn kwdikopoÐhshc fwn c ìpwc G.729   SVOPC

(Sinusoidal Voice Over Packet Coder).

Sthn perÐptwsh twn prohgmènwn asÔrmatwn diktÔwn LTE, h thlefwnÐa ja eÐnai pl -

rwc VoIP.

Oi par�metroi epÐdoshc thc uphresÐac VoIP eÐnai h kajustèrhsh metafor�c, h dia-

kÔmansh thc kajustèrhshc, ta �lmata kajustèrhshc, ta esfalamèna pakèta, ta mh

diatetagmèna pakèta,ta qamèna pakèta, h ap¸leia enìc sunìlou (mplìk) pakètwn, ta

prìtupa apwlei¸n, o rujmìc pakètwn, ta diadoqik� gegonìta apwlei¸n pakètwn, ta

deuterìlepta upob�jmishc kai h braquprìjesmoc diakÔmansh kajustèrhshc / jitter.

Up�rqoun duo mèjodoi prosèggishc tou jitter

• Upologismìc basismènoc se braquprìjesmo eÔroc: H braquprìjesmh diakÔ-

mansh thc kajustèrhshc DVshort−termorÐzetai wc h diafor� thc mègisthc ka-

justèrhshc mefor�c DVmax meÐwn thn el�qisth DVmin, antÐstoiqa, kat� thn
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di�rkeia enìc mikroÔ qronikoÔ diast matoc (proteÐnetai 1 sec).

DVshort−term = TDmax − TDmin (3.8)

• Upologismìc basismènoc sthn mèsh apìluth diakÔmanshc kajustèrhshc pa-

kètwn: basÐzetai sthn braquprìjesh mèsh   el�qisth tim  - pou orÐzetai wc

prosarmosmènh apìluth diakÔmansh kajustèrhshc pakètwn

Montèla Apwlei¸n Pakètwn

EÐnai genik� apodektì ìti oi ap¸leiec pakètwn sta IP dÐktua eÐnai genik� ekrhktikèc

“bursty”. Ta montèla apwlei¸n pakètwn pou parousi�zontai sth sunèqeia eÐnai ta

ex c:

Montèlo Bernouli . QrhsimopoieÐtai eurèwc kai proteÐnei èna anex�rthto kan�li

apwlei¸n, sto opoÐo èna pakèto èqei qajeÐ (  èqei sf�lmata se epÐpedo bits) me

pijanìthta Pe. Gia èna meg�lo arijmì pakètwn N , o prosdok¸menoc arijmìc qamènwn

pakètwn eÐnai N × Pe. H pijanìthta ap¸leiac mporeÐ na ektimhjeÐ an katametrhjoÔn

ta qamèna pakèta kai diair¸ntac to pl joc autì me to sunolikì pl joc pakètwn pou

metadìjhkan.

Montèla Gilbert kai Gilbert-Elliott . Ta montèla aut� eÐnai montèla duo

katast�sewn ìpou h met�bash metaxÔ miac kat�stashc 0, “kal c”   kenoÔ, kai miac

kat�stashc 1, “kak c”   èkrhxhc sÔmfwna me tic pijanìthtec met�bashc P01 kai P10:

• Montèlo Gilbert :

– Kat�stash 0: eÐnai h kat�stash kamÐac ap¸leiac   l�jouc.

– Kat�stash 1: eÐnai h kat�stash ap¸leiac me anex�rthth pijanìthta apw-

lei¸n Pe1.

• Montèlo Gilbert-Elliott :

– Kat�stash 0: eÐnai h kat�stash qamhl¸n apwlei¸n me anex�rthth pija-

nìthta apwlei¸n Pe0.

– Kat�stash 1: eÐnai h kat�stash apwlei¸n me anex�rthth pijanìthta apw-

lei¸n Pe1.

Montèla Markov . EÐnai sun jwc montèla poll¸n katast�sewn sta opoÐa èna

sÔsthma metabaÐnei metaxÔ twn katast�sewn i kai j me pijanìthta met�bashc p(i, j).
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Sq ma 3.9: H diepÐpedh (crosslayer) alusÐda leitourgi¸n tou ekpompoÔ kai dèkth VoIP.
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Sq ma 3.10: AntistoÐqish thc epÐdoshc tou pakètou IP sto epÐpedo efarmog c.

Sunduastikì Montèlo Markov kai Gilbert-Elliott . ProkÔptei apì ton

sunduasmì enìc montèlou Markov 2-katast�sewn me èna montèlo Gilbert-Elliott gia

na kalÔyei thn sÔllhyh polÔ mikr c di�rkeiac diadoqik¸n apwlei¸n kai akìmh mikrì-

terhc puknìthtac gegonìtwn apwlei¸n. Oi par�metroi tou montèlou eÐnai

• Par�metroc Gmin, [packets]: dÐnei to pl joc twn suneqìmenwn lambanìmenwn

pakètwn pou diakrÐnei e�n h ro  qarakthrÐzetai apì mia rip    e�n eÐnai sto

kenì metaxÔ duo rip¸n.

• Rip  [packets]: eÐnai h mègisth akoloujÐa pakètwn pou xekin� kai stamat� me

mia ap¸leia, ìpou oi akoloujÐec twn suneqìmenwn lambanìmenwn pakètwn eÐnai

mikrìterec apì to Gmin se m koc.

• Kenì [packets]: eÐnai h megalÔterh akoloujÐa pakètwn xekin¸ntac kai termatÐ-

zontac me mia ap¸leia   sthn arq    sto tèloc thc l yhc, ìpou oi akoloujÐec

twn lambanìmenwn pakètwn eÐnai megalÔterec   Ðsec me to Gmin sto m koc.

• Puknìthta rip c: eÐnai o lìgoc twn qamènwn   aporriptèwn pakètwn sthn di�r-

keia miac rip c proc to sÔnolo twn pakètwn pou st�ljhkan.

• Puknìthta kenoÔ: eÐnai o lìgoc twn qamènwn   aporriptèwn pakètwn sthn

di�rkeia enìc kenoÔ proc to sÔnolo twn pakètwn pou st�ljhkan.

• Di�rkeia rip c [ms]: eÐnai h mèsh di�rkeia twn periìdwn rip c, oi opoÐec èqoun

sumbeÐ apì thn ènarxh thc l yhc. H di�rkeia thc k�je periìdou upologÐzetai me

b�sh ta pakèta ta opoÐa mark�rontai sthn ènarxh kai sthn l xh thc periìdou.

Sthn perÐptwsh perÐodoi rip¸n, h tim  thc di�rkeiac rip c eÐnai mhdèn.
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• Di�rkeia kenoÔ [ms]: eÐnai h mèsh di�rkeia twn periìdwn kenoÔ, oi opoÐec èqoun

sumbeÐ apì thn ènarxh thc l yhc. H di�rkeia thc k�je periìdou upologÐzetai me

b�sh ta pakèta ta opoÐa mark�rontai sthn ènarxh kai sthn l xh thc periìdou.

Sthn perÐptwsh perÐodoi ken¸n, h tim  thc di�rkeiac kenoÔ eÐnai mhdèn.
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Sq ma 3.11: Sunduastikì montèloMarkov kaiGilbert-Elliott apwlei¸n pakètwn se dÐktua
IP.

3.3 Poiìthta Kinht c BinteothlefwnÐac kai Po-

lumesik c EpikoinwnÐac

Oi uphresÐec kinht c binteothlefwnÐac kai polumesik c epikoinwnÐac ìpwc h ro  bÐnte-

o parèqontai apì ta sÔgqrona dÐktua kinht¸n epikoinwni¸n. KrÐsima jèmata apote-

loÔn jèmata poiìthtac eikìnac kai bÐnteo, eidikìtera de, oi algìrijmoi kai oi teqnikèc

axiolìghshc. Analutik�, h teqnik  anafor� ETSI TR 102 493 [55] parèqei odhgÐec

gia thn qr sh twn algorÐjmwn axiolìghshc poiìthtac bÐnteo gia kinhtèc efarmogèc.

Prìsfata, sthn teqnik  èkjesh tou Video Quality Experts Group [56] epikur¸jh-

kan ta antikeimenik� montèla gia thn axiolìghsh thc poiìthtac polumèswn. TelÐka,

proèkuyan oi sust�seic thc ITU-T gia touc algìrijmouc upokeimenik c, ITU-T Rec.

J.246 [57], kai antikeimenik c,ITU-T Rec. J.247 [58], axiolìghshc kaj¸c kai teqnik¸n

metr sewn poiìthtac.

3.3.1 TeqnologÐa BinteothlefwnÐac

SÔmfwna me thn teqnik  prodiagraf  ETSI TS 126 114 [59], h binteothlefwnÐa eÐnai

mia uphresÐa h opoÐa qrhsimopoieÐ èna kan�li metagwg c kukl¸matoc 64 kbit/s to

dÐktuo UMTS. Met� thn egkat�stash enìc fusikoÔ kanalioÔ apì to thlèfwno, ta
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Sq ma 3.12: Episkìphsh thc uphresÐac eikonothlefwnÐac.

logik� kan�lia metafèroun to perieqìmeno  qou kai bÐnteo kaj¸c kai tic plhroforÐec

tou epipèdou elègqou. Genik�, qrhsimopoieÐtai o poluplèkthc 3GP 324 M [60] gia thn

epexergasÐa me to prwtìkollo elègqou to opoÐo basÐzetai sto H.245. Analutik�, oi

prodiagrafèc twn kwdikopoiht¸n bÐnteo parousi�zontai sto biblÐo [61] kaj¸c epÐshc

jèmata sumpÐeshc  qou kai bÐnteo analÔontai sto egqeirÐdio [62].

Se mia bÐnteo-kl sh, to s ma fwn c katamerÐzetai se plaÐsia twn 20 ms kai kwdi-

kopoieÐtai apì èna kwdikopoiht   qou, sun jwc AMR. To s ma bÐnteo kwdikopoieÐtai

an� plaÐsio b�sei eÐte H.263 eÐte MPEG 4. O poluplèkthc MUX H.324 diaireÐ thn

plhroforÐa se pakèta twn 160 bytes, perièqontac thn kefalÐda kai thn plhroforÐ-

a elègqou, kai metadÐdei ta pakèta sugqronismèna sto fusikì kan�li CS64K. 'Ena

pakèto perilamb�nei èna plaÐsio AMR-kwdikopoihmènhc fwn c, all� monì tm ma tou

plaisÐou bÐnteo. Sunep¸c, èna pl rec plaÐsio bÐnteo diaireÐtai se perissìtera pakèta,

ta opoÐa k�noun to perieqìmeno bÐnteo ligìtero eÔrwsto sta sf�lmata met�doshc.

H dom  thc epikoinwnÐac eikonothlefwnÐac parousi�zetai sto Sq ma 3.12.

3.3.2 TeqnologÐa Polumesik c Met�doshc BÐnteo

SÔmfwna me thn teqnik  prodiagraf  ETSI TS 126 233 [63], h polumesik  met�dosh

(Streaming Media) eÐnai ta polumèsa ta opoÐa lamb�nontai kai anapar�gontai sthn

pleur� tou telikoÔ qr sth kaj¸c aut� dianèmontai apì ènan p�roqo polumesik¸n

ro¸n. O orismìc èqei na k�nei kÔria me thn mèjodo tou mèsou pou qrhsimopoieÐtai

gia thn dianom . 'Ena par�deigma thc uphresÐac polumesik c ro c eÐnai h thleìrash

diadiktÔou (Internet Television).

H zwntan  ro  (Live Streaming), sugkekrimèna eÐnai h apeujeÐac (live) ekpomp 

mèsw tou diadiktÔou. H diadikasÐa perilamb�nei mia k�mera gia ta polumèsa, ènan

kwdikopoiht  yhfiopoÐhshc tou perieqomènou, ènan ekdìth polumèswn (media publi-

sher) ìpou oi roèc eÐnai diajèsimec stouc dunhtikoÔc telikoÔc qr stec kai èna dÐktuo
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dianom c perieqomènou (Content Delivery Network, CDN). Par�deigma auxanìmenhc

dieÐsdushc thc uphresÐac aut c eÐnai to YouTube [64].

Mia prìklhsh pou up�rqei eÐnai ta jèmata asf�leiac (security) me thn nèa mèjo-

do dianom c polumèswn. Ta sust mata diaqeÐrishc yhfiak¸n dikaiwm�twn (Digital

Rights Management, DRM) eÐnai mia prìtash diat rhshc twn perieqomènwn asfal .

Genik�, to polumesikì perieqìmeno èqei meg�lo ìgko, me sunèpeia to kìstoc a-

poj keushc kai met�doshc na diathreÐtai austhrì. Gia thn beltÐwsh thc kat�stashc

qrhsimopoioÔntai teqnikèc sumpÐeshc twn polumèswn tìso sthn f�sh apoj keushc

ìso kai sthn f�sh thc met�doshc.

H auxhmènh z thsh polumesikoÔ perieqomènou uyhl c eukrÐneiac (High Defini-

tion, HD) se di�forec suskeuèc, metaxÔ aut¸n kai se kinht� termatik�, ¸jhsan

thn biomhqanÐa sthn an�ptuxh nèwn teqnologi¸n gia asÔrmato perib�llon ìpwc to

WirelessHD (Wireless Display   WiDi). To prìtupo WiDi, antÐstoiqo me to prìtu-

po HDMI (High Definition Multimedia Interface), èqei anaptuqjeÐ sthn EHF z¸nh

radiosuqnot twn twn 60 GHz me eÔroc z¸nhc 7 GHz kai epitrèpei thn asumpÐesth

yhfiak  met�dosh HD bÐnteo me epiteÔximouc rujmoÔc met�doshc pèran twn 4 Gbit/s.

Mia ro  polumèswn mporeÐ na metadojeÐ eÐte zwntan� (live) eÐte kat' apaÐthsh

(on Demand). Oi live roèc apokaloÔntai kai pragmatikèc roèc (true streams) stic

opoÐec h plhroforÐa metadÐdetai apeujeÐac proc to termatikì tou qr sth dÐqwc na

apojhkeÔetai se k�poio mèso. H on-Demand ro    proodeutik  ro  (progressive

stream/download) apojhkeÔtai se sklhrì dÐsko   mn mh kai katìpin anapar�getai

apì aut  thn topojesÐa. Endeiktikèc apait seic gia met�dosh polumesik¸n ro¸n eÐnai

apì 2.5 Mbit/s èwc kai 10 Mbit/s gia perieqìmeno HD.

H polumesik  ro  apartÐzetai apì thn ro   qou (audio stream) kai thn ro  bÐnteo

(video stream). H sumpÐesh thc ro c  qou gÐnetai qr sei twn kwdikopoiht¸n phg c

ìpwc MP3, Vorbis   AAC (Advanced Audio Coding). H ro  bÐnteo sumpièzetai

sun jwc apì ton kwdikopoiht  H.264/MPEG-4 Part 10   AVC (Advanced Video

Coding) o opoÐoc qrhsimopoieÐtai gia thn katagraf , sumpÐesh kai dianom  HD bÐnteo.

Ta prwtìkolla pou qrhsimopoioÔntai gia thn upost rixh met�doshc polumesikoÔ

perieqomènou eÐnai ta ex c:

• To prwtìkollo UDP (User Datagram Protocol) to opoÐo apostèllei mia ro 

polumèswn wc mia akoloujÐa mikr¸n pakètwn dÐqwc thn Ôparxh enìc mhqani-

smoÔ egguhmènhc par�doshc kai epanamet�doshc. Exart�tai apokleistik� apì

thn efarmog  sthn pleur� thc l yhc na aniqneÔsei ap¸leia   sf�lma sthn

plhroforÐa.

• Ta prwtìkolla pragmatikoÔ qrìnou ìpwc RTSP (Real-time Streaming Proto-

col), RTP (Real-time Transport Protocol), RTCP (Real-time Transport Con-

Qar�lampoc N. P tac - Didaktorik  Diatrib  39



Kef�laio 3. Poiìthta EmpeirÐac (QoE) kai Poiìthta Uphresi¸n (QoS)

trol Protocol) èqoun sqediasteÐ sugkekrimèna gia thn met�dosh polumesik¸n

ro¸n se dÐktua epikoinwni¸n. To RTSP leitourgeÐ se plhj¸ra prwtokìllwn

metafor�c, en¸ to RTP kai RTCP èqoun basisteÐ sto prwtìkollo metafor�c

UDP.

• To prwtìkollo TCP (Transmission Control Protocol) eggu�tai thn swst  me-

t�dosh k�je bit miac polumesik c ro c. Apì thn �llh epifortÐzoun to sÔsthma

me projesmÐec (time-outs) kai epanametadìseic qamènwn   lanjasmènwn pakè-

twn. H epÐptwsh aut  mporeÐ na meiwjeÐ e�n ellatwjeÐ qrhsimopoi¸ntac thn

teqnik  thc entamÐeushc (buffering) prin thn anaparagwg . Se efarmogèc prag-

matikoÔ qrìnou, ìpwc thledi�skeyh (tele-conference, TELCO), h diat rhsh thc

pistìthtac apaiteÐ kajuster shc entamÐeushc k�tw twn 200 ms.

3.3.3 Poiìthta Eikìnac kai BÐnteo

O upokeimenikìc qarakthrismìc thc poiìthtac bÐnteo èggutai sthn diaisjhtik  kata-

nìhsh tou mèsou parathrht  - thlejeat . 'Ena katanohtì sÔnolo deikt¸n ja prèpei

na perigr�fei thn sunolik  st�jmh poiìthtac. Eidik�, h antikeimenik  axiolìghsh

poiìthtac bÐnteo basÐzetai ston qarakthrismì twn paragìntwn upob�jmishc kat� thn

sumpÐesh (compression), thn asÔrmath met�dosh kai tic diadikasÐec aposumpÐeshc /

apokwdikopoÐhshc.

• Probl mata KwdikopoÐhshc pou ja prèpei na metrhjoÔn eÐnai oi deÐktec: to

blockiness, h jolìthta (blurring), h upob�jmish qr¸matoc (colour reduction)

kai h spasmwdikìthta twn plaisÐwn (Jerkiness).

• Sf�lmata Met�doshc lìgw twn radiosunjhk¸n di�doshc - kanalioÔ eÐnai to

jerkiness exaitÐac thc ap¸leiac   kajustèrhshc pakètwn, kai ton temaqismì

pakètwn (slicing).

• Probl mata Apokwdikopo shc eÐnai h epiprìsjeth jolothta (blurring), h apo-

pìlwsh tou qr¸matoc (colour interpolation) kai to jerkiness apì probl mata

thc phg c (source) tou bÐnteo.

Upokeimenikèc Mèjodoi QarakthrismoÔ Poiìthtac BÐnteo

H diadikasÐa thc upokeimenik c axiolìghshc thc poiìthtac bÐnteo eÐnai parìmoia me th

antÐstoiqh diadikasÐa thc fwn c. 'Ena sÔnolo 15-40 atìmwn - axiologht¸n, bajmo-

logeÐ sthn klÐmaka MOS (1-5) thn poiìthta tou bÐnteo pou parakoloÔjhse (mèjodoc

ACR   mèjodoc miac diègershc (single stimulus method))   thn upob�jmish metaxÔ
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(αʹ) Καλή ποιότητα (Quality: good) (βʹ) Υποβαθμισμένη ποιότητα (Quality:
poor)

(γʹ) Κακή ποιότητα Quality: bad (δʹ) Μπλέ εικόνα (Blue frame)

Sq ma 3.13: Stigmiìtupa eikìnwn thc binteothlefwnÐac katagegramènec apì exoplismì
metr sewn.
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tou prwtìtupou s matoc kai tou upobajmismènou s matoc, mèjodoc DCR   mèjo-

doc dipl c diègershc (double stimulus method). O qrìnoc parousÐashc k�je bÐnteo

dokim c mporeÐ na auxhjeÐ   na meiwjeÐ an�loga me to perieqìmenì tou. Met� thn

olokl rwsh thc dokim c, upologÐzetai o mèsoc ìroc twn apotelesm�twn ìlwn twn

summeteqìntwn gia k�je sunj kh, dhlad  o deÐkthc MOS.

Antikeimenikèc Mèjodoi QarakthrismoÔ Poiìthtac BÐnteo

Gia thn antikeimenik  qarakthrismì thc poiìthta bÐnteo, qrhsimopoioÔntai oi akìlou-

jec mèjodoi:

• Pl rouc Anafor�c (Full Reference Method-FR): To arqikì bÐnteo (anafor�)

kai h paramorfwmènh ekdoq  tou sugkrÐnontai gia na paraqjeÐ mia tim  pou

antiproswpeÔei thn poiìthta tou deÐgmatoc.

• Meiwmènhc Anafor�c (Reduced Reference Method-RR): Orismèna qarakthri-

stik� apì to bÐnteo anafor�c kai thn paramorfwmènh ekdoq  tou sugkrÐnontai

gia thn paragwg  tou apotelèsmatoc.

• 'Aneu Anafor�c (No Reference Method-NR): Den apaiteÐtai kanèna plaÐsio

anafor�c kai to apotèlesma basÐzetai mìno sto paramorfwmèno s ma.

3.3.4 Antilhptik  Axiolìghsh Poiìthtac BÐnteo

H PEVQ (Perceptual Evaluation of Video Quality) [65] eÐnai èna montèlo pl rouc

anafor�c (FR)pou sqedi�sthke gia na problèyei tic epipt¸seic twn dusleitourgi¸n

met�doshc sthn poiìthta bÐnteo, ìpwc tic antilamb�netai o �njrwpoc mèsw tou an-

jr¸pinou optikoÔ sust matoc (HVS, Human Visual System). Oi kÔriec efarmogèc

thc eÐnai stic kinhtèc epikoinwnÐec (p.q. binteothlefwnÐa, streaming video) kai sthn

IP-TV. O algìrijmoc mporeÐ na diairejeÐ se 4 tm mata.

To pr¸to tm ma (st�dio pro-epexergasÐac) eÐnai upeÔjuno gia thn qwrik  kai

qronik  eujugr�mmish tou s matoc anafor�c kai tou upobajmismènou s matoc. Aut 

h diadikasÐa exasfalÐzei ìti mìno ta antÐstoiqa plaÐsia sugkrÐnontai metaxÔ touc.

Lamb�nei upìyh ìti, lìgw thc diadikasÐac kwdikopoÐhshc, mporeÐ na èqoun prokÔ-

yei metablhtèc kajuster seic pakètwn, kaj¸c kai olisj seic twn perieqomènwn twn

pakètwn.

To deÔtero tm ma upologÐzei thn antilhptik  diafor� twn eujugrammismènwn sh-

m�twn. H antilhptik  diafor� eÐnai h stajmismènh diafor� prwtìtupou kai para-

morfwmènou s matoc, me èmfash sta qarakthristik� pou gÐnontai antilhpt� apì to
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Reference ProcessedEncode - Serve - Transmit - Decode

Allignment

Measure Quality

(αʹ) Full Reference Method-FR

Reference ProcessedEncode - Serve - Transmit - Decode

Feature Extraction

Measure
Quality

Feature
Extraction
Alignment

(βʹ) Reduced Reference Method-RR

Reference ProcessedEncode - Serve - Transmit - Decode

Measure
Quality

(γʹ) No Reference Method-NR

Sq ma 3.14: Mèjodoi axiolìghshc (a') pl rouc, (b') meiwmènhc kai (g') �neu anafor�c.
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Sq ma 3.15: Di�gramma leitourgÐac tou algorÐjmou PEVQ.

Sq ma 3.16: Mètrhsh antileiptik c poiìthtac bÐnteo-thlefwnik c (se klÐmaka MOS)
kl shc kat� m koc miac diadrom c.
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jeat . H bajmÐda aut  lamb�nei upìyh tic diaforèc sth fwteinìthta kai th qrw-

matikìthta kai apì autèc upologÐzei deÐktec poiìthtac. Epiplèon, h taqÔthta thc

kÐnhshc sto s ma anafor�c parèqei ènan �llo shmantikì deÐkth, o opoÐoc lamb�nei

upìyh ìti se mia seir� pakètwn me arg  kÐnhsh, h antÐlhyh twn leptomerei¸n eÐnai

polÔ megalÔterh ap�o,ti se mia seir� me gr gorh kÐnhsh.

H trÐth bajmÐda kathgoriopoieÐ touc  dh upologismènouc deÐktec kai entopÐzei

orismènouc tÔpouc paramorf¸sewn.

Sthn teleutaÐa bajmÐda, oi deÐktec sunajroÐzontai kat�llhla gia na par�goun to

telikì apotèlesma thc poiìthtac tou bÐnteo, pou eÐnai mia tim  sthn klÐmaka 1-5.

Prohgmèna jèmata teqnologÐac, montelopoÐhshc kai axiolìghshc poiìthtac eikì-

nac kai bÐnteo pragmateÔontai ta biblÐa [66, 67].

PSNR: Peak Signal to Noise Ratio

O lìgoc PSNR eÐnai ènac antikeimenikìc deÐkthc poiìthtac bÐnteo metaxÔ tou arqikoÔ

bÐnteo pou st�ljhke kai autoÔ pou el fjh kai qrhsimopoieÐtai eurèwc sthn axiolì-

ghsh poiìthtac eikìnac kai bÐnteo [68, 69, 70]. 'Ena meiwnèkthma tou PSNR eÐnai ìti

oi timèc den susqetÐzontai tèleia me thn lambanìmenh optik  poiìthta lìgw thc mh-

grammik c sumperifor�c tou anjr¸pinou optikoÔ sust matoc. O deÐkthc kajorÐzetai

eÔkola mèsw tou mèsou tetragwnikoÔ sf�lmatoc (MSE, Mean Squared Error) to

opoÐo gia duo m×n monoqrwmatikèc eikìnec I kai Î kai gia l plaÐsia sth seir�, ìpou

h deÔterh twn eikìnwn jewreÐtai h jorub¸dhc   upobajmismènh ekdoq  thc pr¸thc

kai upologÐzetai apì thn exÐswsh:

MSE =
1

l ·m · n

m∑
i=1

n∑
j=1

l∑
k=1

[
I (i, j, k)− Î (i, j, k)

]2
(3.9)

O deÐkthc PSNR orÐzetai:

PSNR = 10 · log10
(

L2

MSE

)
= 20 · log10

(
L

RMSE

)
(3.10)

Ed¸, h tetragwnik  rÐza tou MSE, RMSE =
√
MSE kai L eÐnai to dunamikì

eÔrwc twn epitrepìmenwn ent�sewn tou pixel thc eikìnac. 'Otan ta pixels anapa-

rÐstantai qr sei 8 bits/pixel, tìte lamb�nei tim  255. Genikìtera, ìtan ta deÐgmata

anaparÐstantai qrhsimopoi¸ntac grammik  PCM me B bits an� deÐgma, h tim  tou L eÐ-

nai 2B−1. Gia polÔqrwmec eikìnec me treic RGB tim  an� pixel, o orismìc tou PSNR

eÐnai o Ðdioc ektìc apì to MSE to opoÐo eÐnai to �jroisma ìlwn twn tetrag¸nwn twn

diafor¸n di� to mègejoc thc eikìnac kai to trÐa. To PSNR èqei eÔroc tim¸n apì 0
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èwc 110 dB kai apodektèc timèc ap¸lei¸n gia thn poiìthta sthn asÔrmath met�dosh

asand eÐnai metaxÔ 20 dB kai 25 dB. Ston PÐnaka 3.3 parousi�zetai mia antistoÐqish

thc tim c PSNR sthn klÐmaka MOS [71].

PSNR (dB) MOS

> 37 5 (Tèleia)
31 - 37 4 (Kal )
25 - 31 3 (Ikanopoihtik )
20 - 25 2 (Ptwq )
< 20 1 (Kak )

PÐnakac 3.3: Pijan  antistoÐqhsh PSNR kai MOS.

Sta plaÐsia thc èreunac, proteÐnoume thn efarmog  thc mejìdou thc pallindrìmh-

shc gia thn exagwg  grammik¸n kai mh grammik¸n montèlwn ektÐmhshc thc poiìthtac

bÐnteo se timèc obj. MOS apì tic metroÔmenec timèc tou deÐkth PSNR se dB. Sto

Sq ma 3.17 apeikonÐzontai ta graf mata twn exis¸sewn twn montèlwn pou sugken-

tr¸nontai ston PÐnaka 3.4.

TÔpoc Palindrìmhsh

Grammikì ψ = 0.168x− 2.759
Polu¸nomikì ψ = −5 · 10−4x2 + 0.198x− 3.183
Ekjetikì ψ = 0.138 exp0.009x

Dunamikì ψ = 4 · 10−4x2.566

Logarijmikì ψ = 4.659 lnx− 13.577

PÐnakac 3.4: Palindrom seic tou ESQoSvideo (se timèc obj. MOS) wc proc tic timèc
PSNR (se dB).

SSIM: Structural SIMilarity

O deÐkthc domik c omoiìthtac SSIM (Structural SIMilarity) [72] eÐnai mia mèjodoc

mètrhshc thc omoiìthtac metaxÔ duo eikìnwn. O deÐkthc SSIM eÐnai èna mètro pl -

rouc anafor�c, dhlad  h poiìthta thc upì exètash eikìnac basÐzetai sthn arqik 

asumpÐesth   mh paramorfwmènh eikìna wc anafor�. O deÐkthc eÐnai sqediasmènoc na

belti¸sei tic paradosiakèc mejìdouc ìpwc PSNR kai MSE oi opoÐec apodeiknÔontai

ìti den apotup¸noun plèon thn anjr¸pinh antÐlhyh ìrashc ìpwc parousi�zetai sto

Sq ma 3.18.

O deÐkthc SSIM upologÐzetai se metablht� par�jura (windows) miac eikìnac. H

mètrhsh SSIM(x, y)metaxÔ duo parajÔrwn x kai y Ðdiou megèjouc N ×N eÐnai:

SSIM(x, y) =
(2µxµy + c1)(2σxy + c2)

(µ2
x + µ2

y + c1)(σ2
x + σ2

y + c2)
(3.11)
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Sq ma 3.17: Palindrom seic tou ESQoSvideo (se timèc obj. MOS) wc proc tic timèc
PSNR (se dB).

ìpou,

µx, µy : h mèsh tim  twn x kai y antÐstoiqa,

σ2
x, σ

2
y : h diakÔmansh twn x kai y antÐstoiqa,

σxy : h sunèlixh twn x kai y,

Epiplèon, c1 = (k1L)
2 kai c2 = (k2L)

2 eÐnai duo metablhtèc pou stajeropoioÔn thn

diaÐresh me mikrì paranomast , ìpou kai L = 2B − 1, ìpou B to pl joc bits an�

pixel, k1 = 0.01 kai k2 = 0.03.

O deÐkthc SSIM upologÐzetai metaxÔ twn tim¸n -1 kai 1, kai paÐrnei thn tim  1 ìtan

oi duo upì exètash eikìnec eÐnai ìmoiec. Sun jwc upologÐzetai gia megèjh parajÔrwn

8× 8 [73].

H domik  anomoiomorfÐa DSSIM (Structural Dissimilarity) upologÐzetai mèsw tou

deÐkth SSIM wc ex c:

DSSIM(x, y) =
1

1− SSIM(x, y)
(3.12)

LoipoÐ deÐktec poiìthtac bÐnteo eÐnai oi ex c:

• Kajustèrhsh: h el�qisth, mègisth kai mèsh kajustèrhsh gia k�je plaÐsio se

sqèsh me to antÐstoiqo tou s matoc anafor�c.

• Fwteinìthta tou prwtìtupou kai tou paramorfwmènou s matoc.

• AntÐjesh tou prwtìtupou kai tou paramorfwmènou s matoc.
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Sq ma 3.18: SÔgkritik  axiolìghsh twn deikt¸n poiìthtac eikìnac MSE kai SSIM.

• DeÐktec paramìrfwshc: gia pio leptomer  an�lush, parèqetai to antilhptikì

epÐpedo fwteinìthtac kai qrwmatikìthtac.

• Spasmwdikìthta kÐnhshc (Jerkiness): perigr�fei mia kÐnhsh pou en¸ sto arqikì

s ma eÐnai omal  kai suneq c, gÐnetai antilhpt  san mia seir� apì xeqwrist�

stigmiìtupa.

• Jolìthta (blurring): paramìrfwsh pou qarakthrÐzetai apì meiwmènh qwrik 

leptomèreia.

• Blockiness: eÐnai suqn� to apotèlesma thc kwdikopoÐhshc qamhloÔ rujmoÔ bit

pou qrhsimopoieÐ ènan algìrijmo antistoÐqhshc twn mplok (sÔnola apì pixels)

gia thn ektÐmhsh thc kÐnhshc kai thn kbantopoÐhsh twn mplok.

• ParaleÐyeic kai “p�gwma” plaisÐwn: prokÔptoun kat� th met�dosh p.q. lìgw

uperfortwmènwn diktÔwn.

• Rujmìc plaisÐwn: o deÐkthc autìc eÐnai qr simoc diìti upodeiknÔei ap¸leiec

plaisÐwn pou odhgoÔn sthn upob�jmish tou s matoc.

• KÐnhsh kai qwrik  poluplokìthta: perigr�foun to mègejoc thc kÐnhshc kai thc

qwrik c leptomèreiac tou bÐnteo.
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KateÔjunsh uplink downlink
KPI x σx x σx

Poiìthta Radiok�luyhc
RSCP -86,67 6,78 -87,08 7,16
Ec/I0 -5,79 1,14 -5,86 1,21
RSSI -80,88 6,87 -81,22 7,27

Poiìthta Fwn c
P862 3.58 0.47 3.65 0.3
P862.1 3.64 0.60 3.73 0.46

Poiìthta BÐnteo

Freezing 2.35 5.75 3.08 5.99
Jerkiness 22.37 3.77 22.53 4.24
Matched Frames 80.25 14.12 83.41 12.56
Frame Jitter 5.86 21.56 4.82 20.20
Blurring 23.87 8.95 22.44 10.33
Blockiness 60.58 3.89 60.24 4.29
PSNR 28.75 2.04 29.16 1.95

PÐnakac 3.5: Basik� statistik� megèjh poiìthtac apì metr seic binteothlefwnÐac.

3.3.5 Poiìthta Polumèswn

H sunolik  poiìthta polumèswn (multimedia quality   audiovisual quality) mporeÐ

na upologisteÐ kai na ektimhjeÐ apì thn poiìthta fwn c/ qou kai apì thn poiìthta

bÐnteo gia ta deÐgmata dokim c. O sÔnjetoc deÐkthc poiìthtac, MOSm, miac thlef-

nikhc kl shc mporeÐ na kajorÐzetai apì thn deÐktec poiìthtac fwn c, MOSs, kai

bÐnteo, MOSv, ìpwc èqei diereunhjeÐ [74] kai perigr�fetai sthn ExÐswsh. (3.13).

Epiplèon o sugqronismìc fwn c kai bÐnteo (lip-sync)   kajustèrhsh (d), MOSd h

opoÐa ekfr�zetai sthn ExÐswsh (3.14), eÐnai shmantik  sthn sunolik  apotÐmhsh thc

poiìthtac polumèswn MOSt h opoÐa den apeikonÐzetai sthn prohgoÔmenh sqèsh. H

NTT (Nippon Telegraph and Telephone Corporation) prìteine [75] mia sun�rthsh

olokl rwshc thc poiìthtac polumèswn ìpwc perigr�fetai sthn ExÐswsh (3.15).

MOSm = (c1 + c2MOSa)(c3 + c4MOSv) (3.13)

MOSd = c5 + c6 · exp(−d/c7) (3.14)

MOSt = (α + βMOSm) · (γ + δMOSd) (3.15)

ìpou oi par�metroi ci, i ∈ {1, 2, ..., 7} kaj¸c kai oi α, β, γ, kai δ eÐnai stajerèc.

Gia ton skopì thc èreunac, ègine qr sh thc sÔstashc ITU-T P.911 [76] gia ton

upologismì thc sÔnjethc poiìthtacMOSsv ìpwc apeikonÐzetai sthn ExÐswsh (3.16).

MOSsv = a ·MOSs ·MOSv + b (3.16)
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PÐnakac 3.6: SÔnoyh twn sust�sewn ITU-T kai ETSI gia thn poiìthta  qou/fwn c kai
bÐnteo

SÔstash Perigraf 

ETSI ETR 250 (1996-07) Speech communication quality from mouth to
ear for 3.1 kHz handset telephony across networks.

ITU-T P.800 (1996-08) Methods for subjective determination of transmission quality.
ITU-T P.861 (1998-02) Objective quality measurement of telephone-band (300-3400 Hz) speech codecs.
ITU-T P.862 (2001-02) Perceptual evaluation of speech quality (PESQ).
ITU-T P.863 (2011-01) Perceptual objective listening quality assessment (POLQA).
ETSI TS 101 329-5 (2000-11) Quality of Service (QoS) measurement methodologies.
ITU-T P.561 (2002-07) In-service non-intrusive measurement device - Voice service measurements.
ITU-T P.562 (2004-05) Analysis and interpretation of INMD voice-service measurements.
ITU-T P.563 (2004-05) Single-ended method for objective speech

quality assessment in narrow-band telephony applications.
ITU-T P.564 (2007-11) Conformance testing for voice over IP transmission quality assessment models.
ITU-T P.CQO Objective Conversational Voice Quality Assessment Model.
ITU-T G.107 (2005-03) The E-model, a computational model for use in transmission planning.
ITU-T SG 12 G.WBEM Wideband E-model.

PÐnakac 3.7: Taxinìmhsh sust�sewn ITU-T/R gia thn poiìthta bÐnteo.

An�lush Upokeimenik  Pl rh Meiwmènh
Eikìnac EktÐmhsh Anafor� Anafor�

SDTV ITU-R BT.500 ITU-T J.144 ITU-T J.147
HDTV ITU-T J.140 ITU-R BT.1683 ITU-T J.249

ITU-T J.245

CIF ITU-T P.910 ITU-T J.247 ITU-T J.246
VGA ITU-T P.911
QCIF

ìpou oi par�metroi lamb�noun tic timèc a = 0.765 kai b = 0.1925.

3.3.6 Poiìthta Kl shc EikonothlefwnÐac

H axiolìghsh thc poiìthtac thc eikonothlefwnÐac gÐnetai apì thn sÔgkrish twn

deigm�twn bÐnteo pou metadìjhkan apì ton kaloÔnta, V (t) = {V1(t1), V2(t2), . . . ,
Vn(tn)}, me ta antÐstoiqa upobajmismèna deÐgmata pou el fjhsan, V̂ (t) = {V̂1(t1),
V̂2(t2), . . . , V̂n(tn)}, apì kaloÔmeno, efarmìzontac ton algìrijmo antikeimenik c axio-

lìghshc. O deÐkthc antikeimenik c axiolìghshc poiìthtac bÐnteo eÐnai polÔ kont�

sthn tim  pou ja lamb�name an ta deÐgmata V̂ eÐqan upoblhjeÐ sthn upokeimenik 

ektÐmhsh apì mia om�da qrhst¸n thc uphresÐac.

V ideoQualityi→j[MOSV QO] =

n∑
k=1

fV Q(Vk,i(tk), V̂k,j(tk))

n
(3.17)

ìpou o deÐkthc poiìthtac bÐnteo mporeÐ na upologisteÐ kai gia thn pleur� tou ka-

loÔnta A kai antÐstoiqa gia ton kaloÔmeno B   (i, j) ∈ {(A,B), (B,A)}, fV Q h

sun�rthsh pou antistoiqeÐ ston algìrijmo upologismoÔ kai MOSV QO (MOS video
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quality objective) h metatrop  twn apotelesm�twn sthn klÐmaka MOS.

3.4 Poiìthta Uphresi¸n Dedomènwn KinhtoÔ

DiadiktÔou

Ta kinht� dÐktua eureÐac z¸nhc plèon uposthrÐzoun dhmofileÐc stouc qr stec uph-

resÐec dedomènwn ìpwc plo ghsh sto diadÐktuo (web-browsing) qr sei tou prwto-

kìllou HTTP, metafor� arqeÐwn qr sei prwtokìllou FTP, apostol  kai l yh mh-

num�twn hlektronikoÔ taqudromeÐou qr sei prwtokìllwn POP3/SMTP/IMAP. Sth

sunèqeia parousi�zoume mejìdouc upokeimenik c kai antikeimenik c axiolìghshc thc

poiìthtac tètoiwn uphresi¸n me epilog  gia thn an�lush thc uphresÐac web-browsing.

3.4.1 Upokeimenik  Axiolìghsh Poiìthtac Uphresi¸n

KinhtoÔ DiadiktÔou

Skopìc thc paroÔshc enìthtac eÐnai h antistoÐqish twn qrìnwn apìktishc (response)

kai an�kthshc (download) ìpwc metr¸ntai apì to dÐktuo   upologÐzontai apì qrì-

no sunìdou (transaction) HTTP sthn antilhptik  poiìthta thc sunìdou plo ghshc

(web-browse session) sto diadÐktuo. O skopìc tou montèlou proc to parìn perio-

rÐzetai se sunìdouc oi opoÐec apoteloÔntai apì duo b mata, to pr¸to b ma eÐnai

èna aÐthma anaz thshc (search request) kai to deÔtero b ma eÐnai h selÐda h opoÐa

emfanÐzetai.

Mia shmantik  parat rhsh sthn montelopoÐhsh thc antilhptik c poiìthtac sto

web-browsing eÐnai to gegonìc ìti o prosdok¸menoc mègistoc qrìnoc sunìdou ja

epikrateÐ sthn antilhptik  poiìthta. Gia par�deigma, e�n ènac qr sthc prosdok�

qrìno sunìdou 100 sec, h antilhptik  poiìthta gia sÔnodo 10 sec ja eÐnai polÔ

megalÔterh apì ìti e�n k�poioc prosdokoÔse mia sÔnodo di�rkeiac 1 sec. To montèlo

pou proteÐnetai eÐnai basismèno sto perieqìmeno qrhsimopoi¸ntac 3 klÐmakec qrìnou,

6, 15, kai 60 sec, antÐstoiqa gia gr gora, mesaÐa kai arg� perieqìmena diktÔou,

antÐstoiqa.

Genik�, h antÐlhyh thc poiìthtac sqetik� me ton qrìno apìkrishc mporeÐ na ka-

thgoriopoihjeÐ sÔmfwna me tic parak�tw treic perioqèc antÐlhyhc:

1. StigmiaÐa empeirÐa: 0.1 sec eÐnai to ìrio gia na èqei k�poioc thn aÐsjhsh ìti

to sÔsthma antidr� stigmiaÐa, èna shmantikì ìrio stic uphresÐec sunomilÐac

(conversational services).

2. Adi�lleipth empeirÐa: 1.0 sec eÐnai perÐpou to ìrio gia mia ro  qr sth gia na

Qar�lampoc N. P tac - Didaktorik  Diatrib  51



Kef�laio 3. Poiìthta EmpeirÐac (QoE) kai Poiìthta Uphresi¸n (QoS)

Sq ma 3.19: Qronometrhtèc dokim c diadiktÔou.

jewrhjeÐ adi�lleipth, akìmh kai tìte o qr sthc èqei thn aÐsjhsh ìti h uphresÐa

leitourgeÐ �mmesa, èna shmantikì ìrio gia allhlodrastikèc uphresÐec.

3. Ap¸leia prosoq c: 10 sec eÐnai perÐpou to ìrio gia na diathr sei thn proso-

q  tou qr sth epikentrwmènh ston di�logo. Gia megalÔterec kajuster seic,

oi qr stec jèloun na ekteloÔn �lllec ergasÐec en¸ perimènoun thn termati-

k /kinht  suskeu  na oloklhr¸sei, ètsi ja prèpei na touc dojeÐ mia an�drash

shmei¸nontac ìti h sÔnodoc oloklhr¸jhke. H an�drash eÐnai shmantik  e�n o

qrìnoc apìkrishc eÐnai idiaÐtera metablhtìc kai oi qr stec den gnwrÐzoun ti na

prosdokoÔn.

To montèlo pou proteÐnetai perigr�fei thn sqèsh metaxÔ diaforetik¸n qrìno

apìkrishc kai an�kthshc se sunìdouc (web-browsing) kai thn antilhptik  poiìthta

gia èna dosmèno mègisto qrìno sunìdou entìc enìc diktÔou. 'Eqoun kajoristeÐ treic

klÐmakec qrìnwn twn 6, 15 kai 60 sec anaparist¸ntac gr gora, mesaÐa kai arg�

perieqìmena.

Se k�je sÔnodo, o qr sthc pr¸ta anoÐgei mia istoselÐda anaz thshc kai met�

epistrèfetai mia selÐda apotelesm�twn. Ta dÔo pr¸ta diast mata, T1 kai T2, anapa-

rastoÔn touc qrìnouc apìkrishc kai an�kthshc thc selÐdac anaz thshc. Ta epìmena

duo diast mata, T3 kai T4, anaparastoÔn touc qrìnouc apìkrishc kai an�kthshc thc

selÐdac apotelesm�twn. To �jroisma T1+T2+T3+T4 apoteleÐ thn di�rkeia sunìdou.

To montèlo axiolìghshc pou proteÐnetai eÐnai sthn pentab�jmia klÐmaka MOS.

H upokeimenik  poiìthta thc uphresÐac basÐzetai ston qrìno sunìdou kai basÐzetai

sthn exÐswsh:
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WebSession w1 w2 w3 w4 Min Max

6sec 0.47 0.60 0.71 2.22 0.62 13.50
15sec 0.54 0.72 0.98 1.76 0.81 39.00
60sec 0.73 0.90 1.16 1.22 2.22 151.00

≥ 60sec 1.00 1.00 1.00 1.00 2.16 155.00

PÐnakac 3.8: Par�metroi twn montèlwn antistoÐqishc thc di�rkeiac sunìdodou se anti-
lhptik  poiìthta thc uphresÐac web-browsing.

MOSWeb =
4

ln(Min/Max)
(ln(SessionT ime)− ln(Min)) + 5 (3.18)

ìpou,

Min, h el�qisth di�rkeia sunìdou

Max, h mègisth di�rkeia sunìdou

SessionT ime, h di�rkeia sunìdou

'Etsi, gia tic peript¸seic SessionT ime = Min kai SessionT ime = Min, tìte

MOS = 5 kai MOS = 1, antÐstoiqa.

DÔnatai epÐshc gia polÔ sÔntoma perieqìmena (6 kai 15 sec), o qrìnoc T4 èqei

megalÔterh barÔthta sthn antÐlhyh thc poiìthtac. 'Etsi, qrhsimopoioÔntai b�rh gia

ton upologismì thc di�rkeiac sunìdou (WeightedST ):

WeightedST = w1T1 + w2T2 + w3T3 + w4T4 (3.19)

kai h exÐswsh antistoÐqhshc sthn tim  MOSweighted qrhsimopoi¸ntac thn Ðdia loga-

rijmik  exÐswsh metaxÔ thn el�qisth kai mègisth di�rkeia thc sunìdou:

MOSWeb,weighted =
4

ln(Min/Max)
(ln(WeightedST )− ln(Min)) + 5 (3.20)

Apì ton pinaka prokÔptoun oi exis¸seic MOS (MOSweb,6−sec, MOSweb,15−sec,

MOSweb,≥60−sec gia mikr c, mesaÐac kai meg�lhc di�rkeiac sunìdouc, antÐstoiqa):

MOSweb,6−sec = 4.38− 1.30× ln(WeightedST ) (3.21)

MOSweb,15−sec = 4.79− 1.03× ln(WeightedST ) (3.22)

MOSweb,≥60−sec = 5.76− 0.95× ln(WeightedST ) (3.23)

Sthn perÐptwsh pou gÐnetai plo ghsh se duo istoselÐdec, tìte mporeÐ na qrh-

simopoihjeÐ èna emploutismèno montèlo basismèno sthn sunolik  di�rkeia thc sunì-
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WebSession Min Max

6sec 0.67 12.00
15sec 0.79 38.00

≥ 60sec 2.16 1.00

PÐnakac 3.9: Par�metroi tou montèlou qwrÐc b�rh antistoÐqishc thc di�rkeiac sunìdodou
duo istoselÐdwn se antilhptik  poiìthta thc uphresÐac web-browsing.

dou. Se autì to montèlo, MOSweb,2 pages, èqei lhfjeÐ upìyh h upìjesh ìti Min =

0.011Max+ 0.47.

MOSweb,2 pages =
4

ln
(
0.011Max+0.47

Max

) (ln(SessionT ime)− ln(0.011Max+ 0.47)) + 5

(3.24)

3.4.2 Antikeimenik  Axiolìghsh Poiìthtac Uphresi¸n

KinhtoÔ DiadiktÔou

Bits pou metafèrjhkan se epÐpedo IP kajorÐzontai wc to sÔnolo octets

epÐ 8 twn IP pakètwn pou katl goun sto termatikì shmeÐo mètrhshc.

Qwrhtikìthta ZeÔxhc C(t,∆t), dinetai apì thn sqèsh

C(t,∆t) =
n0(t,∆t)

∆t
(3.25)

ìpou n0 eÐnai o mègistoc arijmìc bits se epÐpedo IR pou mporoÔn na metadojoÔn

metaxÔ twn duo shmeÐwn mètrhshc kat� thn di�rkeia enìc sugkekrimènou qronikoÔ

diast matoc [t, t+∆t].

Qwrhtikìthta Diadrom c (path) Cp(t,∆t), gia thn di�rkeia enìc sugkekri-

mènou qronikoÔ diast matoc [t, t+∆t] pou orÐzetai wc h el�qisth qwrhtikìthta zeÔxhc

Ci(t,∆t) kat� m koc thc diadrom c dedomènwn (path) kai dÐnetai apì thn sqèsh

Cp(t,∆t) = min
i=1,n

Ci(t,∆t) (3.26)

Qwrhtikìthta zeÔxhc pou qrhsimopoi jhke U(t,∆t), dÐnetai apì thn

sqèsh

U(t,∆t) =
n(t,∆t)

∆t
(3.27)
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ìpou n eÐnai o pragmatikìc arijmìc bits pou metadìjhkan metaxÔ duo shmeÐwn mètrh-

shc mia zeÔxhc kat� thn di�rkeia enìc sugkekrimènou qronikoÔ diast matoc [t, t+∆t].

QrhsimopoÐhsh zeÔxhc , V (t,∆t), orÐzetai wc o lìgoc thc qwrhtikìthtac pou

qrhsimopoi jhke U(t,∆t) proc thn qwrhtikìthta thc zeÔxhc C(t,∆t)

V (t,∆t) =
U(t,∆t)

C(t,∆t)
(3.28)

Diajèsimh qwrhtikìthta zeÔxhc A(t,∆t), eÐnai to aqrhsimopoÐhto mèroc thc

qwrhtikìthtac thc zeÔxhc sto qronikì di�sthma [t, t+∆t]

A(t,∆t) = C(t,∆t)− U(t,∆t) = C(t,∆t)(1− V (t,∆t)) (3.29)

Diajèsimh qwrhtikìthta diadrom c Ap(t,∆t), eÐnai el�qisto to aqrhsi-

mopoÐhto mèroc thc qwrhtikìthtac thc k�je zeÔxhc , Ai(t,∆t), thc diadrom c twn

pakètwn sto qronikì di�sthma [t, t+∆t]

Ap(t,∆t) = min
i=1,n

Ai(t,∆t) (3.30)

Qwrhtikìthta Sten c zeÔxhc CTL, kat� m kouc miac diadrom c, eÐnai h qw-

rhtikìthta tic sten c zeÔxhc (tight link)

CTL = CTL(t,∆t) (3.31)

El�qisth, mègisth kai diakÔmansh thc qwrhtikìthtac (m,M,S). K�-

je qronikì di�sthma mporeÐ na diairejeÐ se n upodiast mata [t1, t1 + ∆t], [t2, t2 +

∆t], . . . , [tn, tn + ∆t], ìpou to kajèna èqei di�rkeia ∆t/n. Shmei¸netai ìti isqÔei

ti +∆t/n = ti+1. Aut� ta upodiast mata qrhsimopoioÔntai gia ton upologismì twn

tim¸n el�qisthc, mègisthc kai diakÔmanshc thc paramètrou P .

H sun�rthsh elaqÐstou m(t,∆t, n) orÐzetai wc

m(t,∆t, n) = min
i=1,n

P (ti,∆t/n) (3.32)

H sun�rthsh megÐstou M(t,∆t, n) orÐzetai wc

M(t,∆t, n) = max
i=1,n

P (ti,∆t/n) (3.33)
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H sun�rthsh metablhtìthtac S(t,∆t, n) orÐzetai wc

S(t,∆t, n) =
1

n

n∑
i=1

(P (ti,∆t)− P (t,∆t))2 (3.34)

Oi �nw statistikèc timèc upologÐzontai gia tic akìloujec paramètrouc {C,Cp, U, V,

A,Ap, CTL}.

3.5 SÔnoyh KefalaÐou

Sto parìn Kef�laio parousi�sthkan diexodik� jèmata poiìthtac ìlwn twn prosfe-

rìmenwn uphresi¸n apì sÔgqrona dÐktua kinht¸n epikoinwni¸n eureÐac z¸nhc.

AnalÔjhkan kai parousi�sthkan ìroi ìpwc: EmpeirÐa Qr sth UX, Poiìthtac Em-

peirÐac QoE, Poiìthtac UphresÐac QoSk.a.. Eidikìtera de, ègine ekten c an�lush

stouc teqnikoÔc ìrouc ESQoS kai SQoS. SpoudaÐac shmasÐac  tan h ekten c parou-

sÐash prohgmènwn jem�twn axiolìghshc poiìthtac thlefwnÐac, bÐnteo kai polumèswn

kaj¸c uphresi¸n kinhtoÔ diadiktÔou.

KleÐnontac to parìn kef�laio tonÐzetai o rìloc twn diejn¸n thlepikoinwniak¸n

organism¸n tupopoÐhshc ETSI kai ITU eidik� se jèmata poiìthtac pareqìmenwn u-

phresi¸n se dÐktua kinht¸n epikoinwni¸n kai kinhtoÔ diadiktÔou en gènei.

�
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An�lush EpÐdoshc KinhtoÔ

EuruzwnikoÔ PolumesikoÔ

DiktÔou

Sthn paroÔsa enìthta parousi�zontai 3 kathgorÐec genik¸n montèlwn sumperilamba-

nìmenwn montelopoÐhsh diktÔou asÔrmathc prìsbashc, montelopoÐhsh diktÔou meta-

for�c, kai montelopoÐhsh kìmbou. EpÐshc, up�rqoun duo tÔpoi montèlwn kìmbou: to

aplì montèlo kìmbou kai to sÔnjeto montèlo kìmbou. Ta montèla aut� mporoÔn na

qrhsimopoihjoÔn sthn melèth twn deikt¸n epÐdoshc gia di�forec uphresÐec polumè-

swn kai sunj kec diktÔou. Gia ton skopì autì, parousi�zoume ta montèla anamon c

gia na l�boume, ìpwc kajustèrhsh, rujmìc apotuqÐac kai rujmìc ap¸leiac pakètwn

[77].

UTRAN
GERAN

CN
IP

Networks

Server

Client Radio Access Network

Wireless
Transport

Wired
Transport

Transaction Node Transaction Node

Sq ma 4.1: MontelopoÐhsh diktÔou.
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4.1 Montèlo DiktÔou AsÔrmatou Prìsbashc

4.1.1 Perigraf  Montèlou

Oi nèec kl seic kai oi kl seic diapomp c moir�zontai ènan sugkekrimèno arijmì ka-

nali¸n se mia kuyèlh, kai ta upìloipa kan�lia eÐnai desmeumèna. Mia kainoÔrgia

kl sh mporeÐ na sundejeÐ e�n èna anenergì kan�li eÐnai diajèsimo metaxÔ twn moira-

zìmenwn kanali¸n, eid�llwc h kl sh aporrÐptetai. MÐa kl sh diapomp c mporeÐ na

sundejeÐ e�n èna anenergì kan�li eÐnai diajèsimo sthn kuyèlh, diaforetik� h kl sh

apotugq�nei.

Gia aplopoÐhsh, jewroÔme ìti h afiknuoÔmenh ro  nèwn kl sewn, h ro  twn afÐ-

xewn diapomp c, o qrìnoc diat rhshc tou kanalioÔ gia tic nèec kl seic kai tic kl seic

diapomp c eÐnai ìlec ekjetikèc katanomèc. EpÐshc, to montèlo lamb�nei epÐshc thna

apotuqÐa thc platfìrmac kai thn apotuqÐa tou epanal pth b�shc. 'Olec oi apotuqÐec

jewroÔntai anex�rthtec. 'Oloi oi qrìnoi jewroÔntai ekjetikèc katanomèc.

AkoloujoÔn oi orismoÐ twn paramètrwn:

λn : o rujmìc ro c twn nèwn kl sewn

λh : o rujmìc ro c twn afÐxewn diapomp¸n

µc : o qrìnoc dèsmeushc tou kanalioÔ gia tic nèec kl seic

µn : o qrìnoc dèsmeushc tou kanalioÔ gia tic kl seic diapomp c

Nb : o arijmìc twn epanalhpt¸n b�shc sthn kuyèlh

M : o arijmìc kanali¸n se k�je epanal pth b�shc

g : oi desmeumènoi pìroi
1
λs

: o mèsoc qrìnoc apotuqÐac thc platfìrmac
1
µs

: o mèsoc qrìnoc apokat�stashc thc platfìrmac
1
λb

: o mèsoc qrìnoc apotuqÐac tou epanal pth b�shc
1
µb

: o mèsoc qrìnoc apokat�stashc tou epanal pth b�shc

To sÔsthma mporeÐ basik� na montelopoihjeÐ san mia our�, h opoÐa mporeÐ na parou-

siasteÐ wc mia alusÐda Markov [78]. EpilÔontac to montèlo, o arijmìc apìrriyhc

twn nèwn kl sewn kai o arijmìc apotuqÐac twn kl sewn diapomp c mporoÔn na ana-

kthjoÔn eÔkola.

Sthn an�lush lamb�netai upìyh h Ôparxh   ìqi sq matoc autìmathc prostasÐac

metagwg c (Automated Protection Switching, APS) pou prot�jhke sthn ergasÐa

[79].
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'Estw

λ = λn + λh (4.1)

µ = µn + µh (4.2)

A =
λ

µ
(4.3)

A =
λh

µc + µh

(4.4)

EpilÔontac thn alusÐda Markov, mporoÔn na exaqjoÔn:

Pd(N, g) =

AN−gAg
1

N !

N−g−1∑
n=0

An

n!
+

N∑
n=N−g

AN−g

n!
A

n−(N−g)
1

(4.5)

Pb(N, g) =

N∑
n=N−g

AN−g

N !
A

n−(N−g)
1

N−g−1∑
n=0

An

n!
+

N∑
n=N−g

AN−g

n!
A

n−(N−g)
1

= AN−g

g∑
k=0

Ak
1

N !
A

n−(N−g)
1

N−g−1∑
n=0

An

n!
+

N∑
n=N−g

AN−g

n!
A

n−(N−g)
1

(4.6)

P (s, k;Nb) =


λs

λs+µs

1
k!

(
µb

λb

)k [
1 +

Nb∑
j=1

1

j!

(
µb

λb

)j
]−1

, e�n s = 0,

µs

λs+µs

1
k!

(
µb

λb

)k [
1 +

Nb∑
j=1

1

j!

(
µb

λb

)j
]−1

, e�n s = 1.

(4.7)

A(Nb) =


Nb∑
k=0

P (0, k;Nb) +

Nb∑
k=0

P (1, k;Nb)
Nb − k

Nb

, qwrÐc APS,

Nb∑
k=0

P (0, k;Nb) + P (1, 0;Nb), me APS.

(4.8)
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P o
b (Nb,M, g) = A(Nb)+



l(G > 0)
G∑

k=1

P (1, k;Nb)(
k

Nb

) qwrÐc APS,

+

Nb∑
k=G+1

P (1, k;Nb)Pb(kM − 1, g)(
k

Nb

)

l(G > 0)
G∑

k=1

P (1, k;Nb) me APS.

+

Nb∑
k=G+1

P (1, k;Nb)Pb(kM − 1, g),

(4.9)

P o
d (Nb,M, g) = A(Nb) +



Nb∑
k=1

P (1, k;Nb)Pd(kM − 1, g)
k

Nb

, qwrÐc APS,

Nb∑
k=1

P (1, k;Nb)Pd(kM − 1, g), me APS.

(4.10)

'Opou l(e) eÐnai h deiktik  sun�rthsh: l(e) = 1 e�n h èkfrash e eÐai alhj c; diafo-

retik� l(e) = 0:

G = ⌊(g + 1)/M⌋ (4.11)

ìpou

P o
b (Nb,M, g) : o rujmìc apìrriyhc twn nèwn kl sewn

P o
d (Nb,M, g) : o rujmìc apotuqÐac twn kl sewn diapomp c.

4.2 Montèlo DiktÔou Metafor�c

Up�rqoun duo tÔpoi diktÔou: to asÔrmato dÐktuo kai to ensÔrmato dÐktuo. Pr¸ta

analÔetai h mèsh kajustèrhsh metafor�c enìc pakètou sto ensÔrmato dÐktuo. Sto

montèlo kajustèrhshc metafor�c, o qrìnoc metafor�c ayhfeÐtai. Katìpin melet�tai

o qrìnoc metafor�c gia èna mègejoc dedomènwn se èna akèraio dÐktuo metafor�c.

To dÐktuo metafor�c eÐnai polÔ sÔnjeto kai den eÐnai aplìc o upologismìc thc

kajustèrhshc metafor�c enìc pakètou. Gia aplopoÐhsh, to dÐktuo metafor�c me èna

dÐktuo Jackson kai analÔetai h kajustèrhsh metafor�c enìc pakètou.
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4.2.1 Perigraf  Montèlou

JewroÔme to dÐktuo metagwg c pakètwn wc èna dÐktuo Jackson gia thn an�lush thc

mèshc kajustèrhshc enìc pakètou se èna dÐktuo.

γ : to sunolikì fortÐo tou diktÔou ap' èxw

λi : to fortÐo thc i zeÔxhc

L : to pl joc twn zeÔxewn sto dÐktuo

M : to mèso m koc enìc pakèto

Ri : o rujmìc met�doshc thc i zeÔxhc

H an�lush tou qrìnou metafor�c eÐnai arket� apl . Oi par�metroi pou qrhsimo-

poioÔntai eÐnai oi ex c:

D : to mègejoc twn dedomènwn pou prèpei na metaferjoÔn

dwireless : to mèso eÔroc z¸nhc sto asÔrmato dÐktuo

dwired : to mèso eÔroc z¸nhc sto ensÔrmato dÐktuo

4.2.2 Mèsh Kajustèrhsh Metafor�c kai Qrìnoc Me-

tafor�c

EpilÔontac to montèlo kajustèrhshc metafor�c, mporeÐ na exaqjeÐ:

Ttran delay =
1

γ

L∑
i=1

M

Ri −Mλi
(4.12)

Ttran delay eÐnai h mèsh kajustèrhsh enìc pakètou sto dÐktuo.

'Etsi, eÔkola o qrìnoc metafor�c prokÔptei:

Ttran time =
D

dwireless

+
D

dwired

(4.13)

Ttran time eÐnai o qrìnoc metafor�c twn dedomènwn D sto asÔrmato kai ensÔrmato

dÐktuo metafor�c.

4.3 Montèla Kìmbou

H ènnoia “kìmboc” perièqei ìlec tic ontìthtec pou qeirÐzontai dedomèna sto dÐktuo

(ìpwc gateway, router kai server). Up�rqoun 4 kathgorÐec kÐnhshc sto dÐktuo sÔm-

fwna me thn 3GPP. SÔmfwna me thn kathgorÐa thc ro c dedomènwn pou diaqeirÐzetai
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Sq ma 4.2: SÔsthma anamon c gia ènan aplì kìmbo.

ènac kìmboc, oi kìmboi kathgoriopoioÔntai se duo tÔpouc: touc aploÔc kai sÔnjetouc

kìmbouc. 'Enac aplìc kìmboc diaqeirÐzetai mìno mia kathgorÐa kÐnhshc   k�poia ait -

mata plhroforÐac kai o sÔnjetoc kìmboc diaqeirÐzetai kai tic 4 kathgorÐec kÐnhshc.

4.3.1 Montèlo AploÔ Kìmbou

Se ìlouc touc kìmbouc pou sqetÐzontai me tic uphresÐec ro c (streaming service),

o exuphretht c diadiktÔou (web server), o exuphretht c polumèswn (media server),

o HLR, VLR kai o AuC jewroÔntai wc aploÐ kìmboi. Gia ton lìgo ìti autoÐ oi

kìmboi diaqeirÐzontai mia kathgorÐa kÐnhshc   k�poia ait mata plhroforÐac, o aplìc

kìmboc montelopoieÐtai wc èna sÔsthma anamon c. EpilÔontac ton kìmbo, mporoÔn

na exaqjoÔn h kajustèrhsh diekpairaÐwshc kai o rujmìc apwlei¸n dedomènwn ston

kìmbo.

Jewroume ìti h �fixh twn pakètwn dedomènwn ston kìmbo eÐnai mia katanom 

Poisson, kai o qrìnoc diekperaÐwshc enìc pakètou katanèmetai ekjetik�. To mègejoc

tou entamieut  eÐnai B pakèta. Ta pakèta qronodromologoÔntai qr sei tou FIFO

algorÐjmou. Oi par�metroi orÐzontai wc ex c:

λ : o rujmìc �fixhc twn pakètwn
1
µ

: o mèsoc qrìnoc diekperaÐwshc enìc pakètou ston kìmbo

B : to mègejoc tou entamieut  tou kìmbou

Sthn sunèqeia upologÐzetai o qrìnoc diekperaÐwshc, Tw, kai o rujmìc ap¸leiac

pakètwn, PB.

Tw =
λ

µ(µ− λ)
(4.14)

pB = (1− ρ)ρB =

(
1− λ

µ

)(
λ

µ

)B

(4.15)

4.3.2 Montèlo SÔnjetou Kìmbou

Se ìlouc touc kìmbouc pou sqetÐzontai me thn uphresÐa ro c, o BS, o SGSN kai o

GGSN jewroÔntai wc sÔnjetoi kìmboi. AutoÐ oi kìmboi diaqeirÐzontai 4 kathgorÐec
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ro¸n dedomènwn: conversational, interactive kai background. Oi apait seic kaju-

stèrhseic gÐnontai pio austhrèc kai h proteraiìthta metafor�c se ènan kìmbo eÐnai

sÔmfwnh me tic apait seic kajustèrhshc. 'Etsi o sÔnjetoc kìmboc montelopoieÐtai

wc èna sÔsthma anamon c me 4 ourèc kai ènan exuphretht . EpilÔontac to sÔsthma,

mporoÔn na exaqjoÔn h kajustèrhsh metafor�c kai o rujmìc apwlei¸n dedomènwn

ston kìmbo.

Sthn kathgorÐa conversational analÔetai h kÐnhsh fwn c kai sthn kathgorÐa stre-

aming h kÐnhsh ro c bÐnteo.

Sq ma 4.3: Montèlo sÔnjetou kìmbou.

Montèlo KÐnhshc Fwn c Uiojeteitai to montèloMMPP (Markov-Modulated

Poisson Process). To montèlo eÐnai èna sÔsthma anamon c kai h phg  dedomènwn sun-

du�zetai me pollèc phgèc fwn c. K�je phg  fwn c èqei duo katast�seic: ON/OFF.

'Otan h phg  eÐnai sthn kat�stash on, tìte par�gei dedomèna fwn c me afÐxeic Poisson

eid�llwc eÐnai anenerg . Oi par�metroi tou montèlou eÐnai oi ex c:

Sq ma 4.4: Montèlo duo katast�sewn.

N : o arijmìc twn phg¸n fwn c sto montèlo fwn c

α : o rujmìc met�bashc apì thn kat�stash off se on

β : o rujmìc met�bashc apì thn kat�stash on se off

V : o mèsoc rujmìc ekpomp c dedomènwn ìtan h phg  fwn c eÐnai on
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Montèlo KÐnhshc Fwn c OmoÐwc uiojeteitai èna isodÔnamo montèlo MMPP

(Markov-Modulated Poisson Process) me M panomoiìtupec mini-phgèc duo katast�-

sewn gia thn kÐnhsh bÐnteo twn N . To montèlo eÐnai èna sÔsthma anamon c kai h

phg  dedomènwn sundu�zetai meM phgèc bÐnteo. K�je phg  fwn c èqei duo katast�-

seic: ON/OFF. 'Otan h phg  eÐnai sthn kat�stash on, tìte par�gei dedomèna fwn c

me afÐxeic Poisson eid�llwc eÐnai anenerg . Oi par�metroi tou montèlou eÐnai oi ex c:

α1 : o rujmìc met�bashc thc conversational kÐnhshc apì thn kat�stash off se on

α2 : o rujmìc met�bashc thc streaming kÐnhshc apì thn kat�stash off se on

β1 : o rujmìc met�bashc thc conversational kÐnhshc apì thn kat�stash on se off

β2 : o rujmìc met�bashc thc streaming kÐnhshc apì thn kat�stash on se off

V1 : o rujmìc met�doshc dedomènwn ìtan h phg  fwn c eÐnai sthn kat�stash on

V2 : o rujmìc met�doshc dedomènwn ìtan h phg  bÐnteo eÐnai sthn kat�stash on

λ1 : o rujmìc �fixhc pakètwn interactive kÐnhshc

λ2 : o rujmìc �fixhc pakètwn background kÐnhshc

µ1 : o qrìnoc diekperaÐwshc conversational kÐnhshc tou kìmbou

µ2 : o qrìnoc diekperaÐwshc streaming kÐnhshc tou kìmbou

µ3 : o qrìnoc diekperaÐwshc interactive kÐnhshc tou kìmbou

µ4 : o qrìnoc diekperaÐwshc background kÐnhshc tou kìmbou

Kajustèrhsh DiekperaÐwshc H kajustèrhsh diekperaÐwshc upologÐzetai

gia k�je kathgorÐa kÐnhshc ston sÔnjeto kìmbo.

Tw1 : h kajustèrhsh diekperaÐwshc thc conversational kÐnhshc ston kìmbo

Tw2 : h kajustèrhsh diekperaÐwshc thc streaming kÐnhshc ston kìmbo

Tw3 : h kajustèrhsh diekperaÐwshc thc conversational kÐnhshc ston kìmbo

Tw4 : h kajustèrhsh diekperaÐwshc thc streaming kÐnhshc ston kìmbo
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Tw =
1

2

4∑
i=1

ρiTsi (4.16)

Tw1 =
Tw

1− ρ1
(4.17)

Tw2 =
Tw + ρ1Tw1

1− ρ2 − ρ1
(4.18)

Tw3 =
Tw + ρ2Tw2 + ρ1Tw1

1− ρ3 − ρ2 − ρ1
(4.19)

Tw4 =
Tw + ρ3Tw3 + ρ2Tw2 + ρ1Tw1

1− ρ3 − ρ2 − ρ1
(4.20)

4.4 MontelopoÐhsh thc sqèshc metaxÔ ESQoS

kai SQoS

Sth sunèqeia tou kefalaÐou ja parousi�soume thn montelopoÐhsh thc sqèshc metaxÔ

ESQoS kai SQoS paramètrwn.
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Sq ma 4.5: MontelopoÐhsh diktÔou - Par�metroi.
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4.4.1 Mh Diajesimìthta UphresÐac

Agno¸ntac thn apotuqÐa tou asÔrmatou kai ensÔrmatou diktÔou, o rujmìc apotuqÐac

enìc pakètou metaferìmenou pakètou sto dÐktuo mporeÐ na ekfrasteÐ wc ex c:

pfail = paccess fail + pweb fail (4.21)

paccess fail = A(Nb) +



l(G > 0)
G∑

k=1

P (1, k;Nb)(
k

Nb

) qwrÐc APS,

+

Nb∑
k=G+1

P (1, k;Nb)Pb(kM − 1, g)(
k

Nb

)

l(G > 0)
G∑

k=1

P (1, k;Nb) me APS.

+

Nb∑
k=G+1

P (1, k;Nb)Pb(kM − 1, g),

(4.22)

pweb fail = (1− ρ)ρB =

(
1− λ

µ

)(
λ

µ

)B

(4.23)

4.4.2 Rujmìc ApotuqÐac UphresÐac

Agno¸ntac thn apotuqÐa tou asÔrmatou kai ensÔrmatou diktÔou, o rujmìc apotuqÐac

enìc pakètou metaferìmenou pakètou sto dÐktuo mporeÐ na ekfrasteÐ wc ex c:

pfail = pHO fail + pmedia fail (4.24)

pHO fail = A(Nb) +



Nb∑
k=1

P (1, k;Nb)Pd(kM − 1, g)
k

Nb

, qwrÐc APS,

Nb∑
k=1

P (1, k;Nb)Pd(kM − 1, g), me APS.

(4.25)

pmedia fail = (1− ρ)ρB =

(
1− λ

µ

)(
λ

µ

)B

(4.26)
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4.4.3 Qrìnoc Arqik c Egkat�stashc

O arqikìc qrìnoc egkat�stashc, Tcon mporeÐ na jewrhjeÐ wc mia sun�rthsh thc

kajustèrhshc metafor�c kai tou qrìnou metafor�c se èna dÐktuo kaj¸c kai thc

kajustèrhshc diekperaÐwshc se ìlouc tou sqetikoÔc kìmbouc diekperaÐwshc. MporeÐ

loipìn na exaqjeÐ h sqèsh:

Tcon = F (Ttran d, Ttran t, TBS, TSGSN , TGGSN , THLR, TV LR, TAuC , Tweb, Tmedia) (4.27)

ìpou to Tcon metab�lletai kat� ton Ðdio trìpo ìpwc ìloi oi par�metroi

Ttran d =
1

γ

L∑
i=1

M

Ri −Mλi
(4.28)

Ttran t =
D

dwireless

+
D

dwired

(4.29)

Oi kajuster seic TBS, TSGSN , TGGSN mporoÔn na upologistoÔn apì thn sqèsh

Tserver 1 =
Tw + ρ3Tw3 + ρ2Tw2 + ρ1Tw1

1− ρ3 − ρ2 − ρ1
(4.30)

Oi kajuster seic THLR, TV LR, TAuC , Tweb, Tmedia mporoÔn na exaqjoÔn apì thn

sqèsh

Tserver 2 =
λ

µ(µ− λ)
(4.31)

4.4.4 Arqikìc Qrìnoc EntamÐeushc

O arqikìc qrìnoc entamÐeushc, Tbuffering mporeÐ na jewrhjeÐ wc mia sun�rthsh thc

kajustèrhshc metafor�c kai tou qrìnou metafor�c se èna dÐktuo kaj¸c kai thc

kajustèrhshc diekperaÐwshc se ìlouc tou sqetikoÔc kìmbouc diekperaÐwshc. MporeÐ

loipìn na exaqjeÐ h sqèsh:

Tcon = F (Ttran d, Ttran t, TBS, TSGSN , TGGSN , Tmedia) (4.32)

ìpou to Tbuffering metab�lletai kat� ton Ðdio trìpo ìpwc ìloi oi par�metroi
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Ttran d =
1

γ

L∑
i=1

M

Ri −Mλi
(4.33)

Ttran t =
D

dwireless

+
D

dwired

(4.34)

Oi kajuster seic TBS, TSGSN , TGGSN mporoÔn na upologistoÔn apì thn sqèsh

Tserver 1 =
Tw + ρ3Tw3 + ρ2Tw2 + ρ1Tw1

1− ρ3 − ρ2 − ρ1
(4.35)

Oi kajuster seic Tmedia mporeÐ na exaqjoÔn apì thn sqèsh

Tserver 2 =
λ

µ(µ− λ)
(4.36)

4.4.5 Suqnìthta Epana-EntamÐeushc (Rebuffering)

To rebuffering eÐnai ènac shmantikìc deÐkthc pou antanakl� thn kat�stash tou di-

ktÔou. JewroÔme ìti ta dedomèna pou apostèllontai èqoun arqik� mia katanom 

F0(t). Met� thn metafor�, upì thn ep reia tou rujmoÔ ap¸leiac plaisÐwn, tou ruj-

moÔ esfalmènwn plaisÐwn, to eÔroc z¸nhc kai thn kajustèrhsh, ta dedomèna èqoun

katanom  F (t) sto tèloc. Ed¸ h kajustèrhsh noeÐtai wc kajustèrhsh metafor�c

kai kajustèrhsh diekperaÐwshc.

Traffic
Source

Frame Loss Rate
Frame Error Rate
Bandwidth
Delay

B                    B

F(t)
F(t)
o

O                        L

I           I B

V

Sq ma 4.6: Montèlo rebuffering.

H epÐdrash tou rujmoÔ ap¸leiac plaisÐwn kai tou rujmoÔ esfalmènwn plaisÐwn

sta apestalmèna dedomèna eÐnai h Ðdia. 'Etsi, mporoÔme na jewr soume ìti ta dedomèna

gÐnontai F1(t) èpeita apì thn epÐdrash tou rujmoÔ ap¸leiac plaisÐwn kai tou rujmoÔ

esfalmènwn plaisÐwn. Katìpin, gÐnetai F2(t) upì thn epÐdrash thc allag c tou

eÔrouc z¸nhc, kai telik� F (t) exaitÐac thc kajustèrhshc.

To arqikì mègejoc twn dedomènwn ston entamieut  eÐnai B. 'Otan ta dedomèna

ston entamieut  uperboÔn se B0, h anaparagwg  (media/video player) xekin�, en¸

ìtan ta dedomèna eÐnai ligìtera apìBL, tìte xekin� to rebuffering. O rujmìc plaisÐwn

kat� thn anaparagwg  eÐnai V .
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Dhlad , ìtan B + (F (t) − v · t) < BL, to sÔsthma metabaÐnei se kat�stash

rebuffering. En¸ ìtan B0− (B+(F (t)−v · t)) ≤ F (t′)−F (t), ìpou t′ eÐnai h qronik 
stigm  pou stamat� to rebuffering.

F−1(B0 − (B − v · t)) ≤ t′ (4.37)

'Ara h suqnìthta rebuffering eÐnai∑
I(B + (F (t)− v · t) < BL)

Ttest
(4.38)

ìpou Ttest eÐnai h sunolik  di�rkeia thc dokim c.

4.5 An�lush EpÐdoshc Prwtokìllou TCP

H pleioyhfÐa twn efarmog¸n IP qrhsimopoioÔn to prwtìkollo TCP (Transmission

Control Protocol) gia thn axiìpisth metafor� ro¸n bytes [80]. H leitourgÐa tou

TCP exart�tai apì tèsseric mhqanismoÔc: h arg  ekkÐnhsh (slow start), h apofug 

sumfìrhshc (congestion avoidance), h gr gorh epanamet�dosh (fast retransmission)

kai h gr gorh an�kamyh (fast recovery). Eidik  anafor� gia to prwtìkollo TCP

se asÔrmata dÐktua 2hc kai 3hc geni�c perigr�fontai sto IETF RFC 3481 [81]. 'Ena

montèlo sumperifor�c tou elègqou ro c tou prwtokìllou TCP perigr�fetai apì thn

exÐswsh [82, 83]:

BW <
MSS

RTT

C
√
p

(4.39)

ìpou

BW : ta dedomèna pou metafèrontai an� mon�da qrìnou (di�rkeia kÔklou) kai apo-

kaleÐtai rujmoapìdosh (throughput)

MSS : to mègisto mègejoc tou TCP temaqÐou (segment)

RTT : o mèsoc qrìnoc met' epistrof c

C : stajer� (exart�tai apì tic epipt¸seic twn tuqaÐwn h periodik¸n apwlei¸n)

kai thn teqnik  ACK

p : h pijanìthta èna pakèto na qajeÐ se qrìno RTT .

H �nw exÐswsh ja prèpei na jewreÐtai wc èna �nw ìrio thc ro c plhroforÐac,

akìma kai se beltiwmènec ekdìseic tou TCP, ìpwc TCP me SACK kai TCPReno.

JewreÐtai ìti mia makr�c di�rkeiac TCP sÔndesh mporeÐ na fj�sei se isorropÐa sthn
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Sq ma 4.7: Mhqanismìc tou prwtokìllou TCP gia thn apofug  sumfìrhshc.

kat�stash apofug c sumfìrhshc (congestion). 'Otan ta sunolik� bytes sthn meta-

for� dedomènwn eÐnai lÐga, o èlegqoc ro c tou TCP mporeÐ na mhn fj�sei se isor-

ropÐa, kai h sumperifor� tou mhqanismoÔ arg c ekkÐnhshc (slow start) kajorÐzei ton

upologismì. Mia pio euèlikth sqèsh sthn qwrhtikìthta tou TCPReno perilamb�nei

tic perioristikèc epipt¸seic tou mègistou megèjouc parajÔrou (window size).

BW ≈ min

Wmax

RTT
,

1

RTT
√

2bp
3

+ T0min

(
1, 3
√

2bp
3

)
p(1 + 32p2)

 (4.40)

ìpou

B(p) : h ektÐmhsh thc rujmoapìdoshc tou TCP [packets/sec]

Wmax : to mègisto mègejoc tou parajÔrou tou entamieut  (buffer) ston dèkth

RTT : o mèsoc qrìnoc met' epistrof c

b : o arijmìc twn pakètwn pou èqoun apibebaiwjeÐ apì ton dèkth

p : h pijanìthta èna pakèto na qajeÐ se qrìno RTT .

T0 : h projesmÐa gia thn epanamet�dosh enìc mh epibebaiwmènou (qamènou) pa-

kètou

O èlegqoc ro c tou TCP prospajeÐ na aux sei ton rujmì apìstolhc (window

size) èwc na parathrhjeÐ sumfìrhsh (  to fainìmeno bottleneck sth zeÔxh) kai autì

exart�tai apì thn ap¸leia pakètwn ìpwc parousi�zetai sto Sq ma 4.7. 'Etsi, èna

tm ma thc ap¸leiac pakètwn ofeÐletai sthn parakoloÔjhsh (probing) tou bottleneck.

O èlegqoc ro c me ton mhqanismì apofug c sumfìrhshc odhgeÐ se mia nèa exÐswsh
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gia thn pijanìthta ap¸leiac parousÐa bottleneck probing:

√
pProbing ≈

MSS

RTT

C

0.75×BWbottleneck

(4.41)

O ektim¸menoc rujmìc apwlei¸n tou diktÔou mporeÐ na sunduasteÐ me ton rujmì

twn apwlei¸n probing:

ptotal = 1− [(1− pnetwork)× (1− pprobing)] (4.42)

E�n to mègisto megèjouc tou parajÔrou den eÐnai ikanopoihtikì na kalÔyei ton

qrìno RTT, tìte h rujmoapìdosh ja perioristeÐ sthn tim  window ×MSS/RTT .

An jewrhjeÐ ìti N to pl joc energèc TCP sundèseic se mia kuyèlh, tìte se èna

perib�llon asÔrmathc kai ensÔrmathc met�doshc, o qrìnoc RTT gia k�je sÔndesh

eÐnai to �jroisma twn duo paragìntwn, RTTwireless kai RTTwired dhlad :

RTT = RTTwireless +RTTwired (4.43)

ìpou k�je TCP tem�qio metadÐdetai se èna pl joc qronik¸n diasthm�twn met�doshc

TTI, di�rkeiac 2 ms to kajèna. 'Etsi, h kajustèrhsh pou ofeÐletai sto H-ARQ

exart�tai apì to pl joc twn epanametadìsewn kai epÐshc apì ton algìrijmo qrono-

programmatismoÔ ston stajmì b�shc.

H pijanìthta èna TTI na desmeujeÐ gia ènan qr sth i eÐnai ns(i)/Nt kai o qrìnoc

RTT gr�fetai wc:

RTTwireless =

ns∑
i=1

NTTI(i)

ns

Tj (4.44)

ìpou Tj eÐnai o qrìnoc met�doshc enìc TCP temaqÐou sthn asÔrmath diepaf  me ènan

dosmèno rujmì met�doshc, ns eÐnai o arijmìc twn TTIs ìtan den apaiteÐtai epaname-

t�dosh kai NTTI(i) eÐnai to pl joc twn TTIs pou apaitoÔntai gia thn met�dosh twn

dedomènwn se èna asÔrmato kan�li sto opoÐo apaitoÔntai epanametadìshc H-ARQ.

'Enac drop-tail dromologht c me dedomèno mègejoc entamÐeushc pakètwn (buffer)

mporeÐ na montelopoihjeÐ ¸c èna klassikì sÔsthma anamon c M/M/1/K. Tìte, o

qrìnoc RTTwired dÐnetai apì thn sqèsh:

RTTwired,dt = 2 · dp +
MSS

C
·
(

1

1− ρ
− ρK

1− ρK
·K
)

(4.45)

ìpou dp eÐnai h kajustèrhsh di�doshc thc ensÔrmathc zeÔxhc, C eÐnai h qwrhtikìthta

thc zeÔxhc, ρ eÐnai to fortÐo, kai K to mègejoc tou buffer ston dromologht . H
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pijanìthta ap¸leiac pakètou dÐnetai apì thn sqèsh:

p =
1− ρ

1− ρK+1
ρK (4.46)

Sthn perÐptwsh qr shc RED (Random Early Detection) dromologht , h sqèsh

gia to RTT gÐnetai:

RTTwired,RED = 2 · dp +
MSS

C

K∑
n=1

nπ(n) (4.47)

ìpou π(n) dhl¸nei thn st�simh katanom  tou pl jouc twn pakètwn ston buffer tou

dromologht .

H rujmoapìdosh enìc sust matoc TCP-HSPA mporeÐ na ekfrasteÐ apì thn exÐ-

swsh:

BW (e,RTT, T0,Wmax) =


1−e
e

+
W (e)

e
+Q′(e,W (e))

RTT [ b
2
W (e)+1]+

Q′(e,W (e))G(e)T0
1−e

, gia W (e) < Wmax

1−e
e

+Wmax
2

+Q′(e,Wmax)

RTT ( b
8
Wmax+

1−e
eWmax

+2)
, gia W (e) ≥ Wmax

(4.48)

ìpou e eÐnai h pijanìthta thc epanamet�doshc pakètou, q h pijanìthta thc projesmÐac

epanamet�doshc lìgw thc asÔrmathc diepaf c, p h pijanìthta ap¸leiac pakètou lìgw

sumfìrhshc. Epiplèon, ta megèjhWe, G(e), F (p, w) kai q dÐnontai apì tic akìloujec

exis¸seic:

We =
2 + b

3b
+

√
8(1− e)

3be
+

(
2 + b

3b

)2

(4.49)

G(e) = 1 + e+ 2e2 + 4e3 + 8e4 + 16e5 + 32e6 (4.50)

F (p, w) = min

[
1,

1 + (1− p)3[1− (1− p)w−3]

[1− (1− p)w]/[1− (1− p)3]

]
(4.51)

q =
T0 −RTTwired − 1+pe−peps

1−peps
Tj√

pe(1−pe+peps)
1−peps

Tj

· F (4.52)

ìpou T0 eÐnai h mèsh di�rkeia thc projesmÐac (timeout), pe h pijanìthta laj¸n met�

thn kwdikopoÐhsh tou mplìk plhroforÐac mèsw FEC kai ps h pijanìthta l�jouc met�

ton  pio sunduasmì duo diadoqik¸n metadìsewn tou Ðdiou mplìk plhroforÐac mèsw

H-ARQ.
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Tìte, ta megèjh e kai Q′(e, w) dÐnontai apì tic parak�tw sqèseic:

e = p+ q − pq (4.53)

Q′(e, w) =
pcong · F (p, w) + pwireless − pcong · pwireless · F (p, w)

1− (1− e)d
(4.54)

ìpou pcong h pijanìthta ap¸leiac lìgw sumfìrhshc kai pwireless eÐnai h pijanìthta

ap¸leiac lìgw radio-diepaf c, megèjh ta opoÐa upologÐzontai apì tic sqèseic:

pcong = 1− (1− p)d (4.55)

pwireless = 1− (1− q)d (4.56)

4.6 SÔnoyh KefalaÐou

To parìn Kef�laio afier¸jhke sthn an�lush asÔrmatwn euruzwnik¸n diktÔwn gia

thn upost rixh uphresi¸n polumèswn kai diadiktÔou en gènei. KrÐjhke anagkaÐo na

parousiastoÔn jewrhtik� montèla thlepikoinwniak c kÐnhshc, montèla kìmbou kai

an�lushc epÐdoshc tou prwtokìllou elègqou metafor�c. Shmei¸netai ìti ègine mia

prosèggish sthn montelopoÐhsh sqèsewn metaxÔ twn deikt¸n mètrhshc ESQoS kai

SQoS.

Emperistatwmènh prosomoÐwsh prohgmènwn polumesik¸n diktÔwn parousi�sth-

kan stic dhmosieÔseic [84, 85].

�
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Kef�laio 5

Metr seic QarakthrismoÔ kai

Sugkritik c Axiolìghshc

Poiìthtac

Skopìc tou parìntoc KefalaÐou eÐnai o orismìc antikeimenik¸n kai sugkrÐsimwn dei-

kt¸n epÐdoshc (Key Performance Indicators, KPIs) [86] pareqìmenwn proc touc qr -

stec uphresi¸n kinht¸n epikoinwni¸n ¸ste oi telikoÐ qr stec na dieukolÔnontai sth

sÔgkrish thc poiìthtac uphresi¸n pou parèqontai apì diaforetikoÔc parìqouc uphre-

si¸n hlektronik¸n epikoinwni¸n kaj¸c kai sthn pistopoÐhsh thc poiìthtac uphresi¸n

pou  dh touc parèqontai.

Tèloc, kajorÐzetai èna safèc plaisÐo twn thlepikoinwniak¸n rujmistik¸n arq¸n

sqetik� me touc deÐktec poiìthtac twn pareqìmenwn uphresi¸n proc touc telikoÔc

qr stec, to opoÐo eggu�tai antikeimenik , diafan  kai amerìlhpth enhmèrwsh kai

�mesh, eÔkolh kai gr gorh prìsbash twn telik¸n qrhst¸n stic plhroforÐec pou

aforoÔn thn poiìthta twn pareqìmenwn se autoÔc uphresi¸n hlektronik¸n epikoi-

nwni¸n.

'Etsi, kajorÐzontai metaxÔ �llwn:

• oi deÐktec poiìthtac proc mètrhsh

• h mejodologÐa mètrhshc sumperilambanomènwn tou metrhtikoÔ exoplismoÔ kai

twn dokim¸n/senarÐwn mètrhshc (kamp�nia metr sewn)

Wc DeÐkthc Poiìthtac � Quality Indicator orÐzetai to mètro enìc sunìlou me-

gej¸n mèsw tou opoÐou apotim�tai mèroc/stoiqeÐa thc poiìthtac mi�c pareqìmenhc

uphresÐac kinht¸n epikoinwni¸n.

Wc Kamp�nia Metr sewn � Measurement campaign orÐzetai to sÔnolo twn e-

nergei¸n pou apaitoÔntai gia th diexagwg  twn metr sewn kai thn parousÐash twn
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apotelesm�twn twn deikt¸n poiìthtac uphresi¸n susthm�twn kinht¸n epikoinwni¸n.

Kat� thn di�rkeia miac kamp�niac mètrhshc sullègontai èna meg�loc ìgkoc dedomè-

nwn ìpwc: èntash tou s matoc (signal indensity), poiìthta tou s matoc, parembolèc,

gegonìta kl sewn (dropped/blocked calls) kai ta statistik� stoiqeÐa aut¸n (call

statistics), plhroforÐec poiìthtac uphresi¸n (QoS statistics) kai genikìterec plh-

roforÐec tou diktÔou asÔrmathc prìsbashc ìpwc diapompèc (handovers) kai loipèc

par�metroi (neighbor cells).

H metrhtik  kamp�nia lamb�nei q¸ra se di�fora perib�llonta. Ta perib�llonta

kathgoriopoioÔntai wc ex c:

• Statikèc metr seic (static/hot-spots) gia exwterikoÔc (outdoor) kai eswteri-

koÔc (indoor) q¸rouc: plateÐec pìlewn / shmeÐa touristikoÔ endiafèrontoc /

aerodrìmia / stajmoÐ trènwn kai metrì / emporik� kèntra, sugkrot mata gra-

feÐwn kai q¸roi ekjèsewn.

• Metr seic en kin sei me ìqhma (drive-testing): astikèc perioqèc (pìleic mesaÐou

megèjouc) / mhtropolitik� kèntra / meg�leic pìleic / ejnikèc odoÐ / eparqÐa

(eparqiakoÐ drìmoi).

Eidik� gia thn perÐptwsh twn metr sewn tÔpou drive-testing mporeÐ na gÐnei h ex c

kathgoriopoÐhsh ìson afor� ton skopì:

1. Sugkritik  Axiolìghsh twn Kinht¸n DiktÔwn (Mobile Network Benchmar-

king): EÐnai apì ton pio sÔnjeto tÔpo metr sewn kai o skopìc eÐnai h mètrhsh

pollapl¸n teqnologi¸n prìsbashc (RATs) kai tÔpwn uphresi¸n tautìqrona

kai me uyhl  akrÐbeia. Apotèlesma miac tètoiou eÐdouc kamp�niac mètrhshc

eÐnai h paroq  epark¸n plhrofori¸n pou aforoÔn ta sugkritik� pleonekt -

mata, meiwnekt mata/periorismoÐ, adunamÐec kai eukairÐec, dhlad  mia empeirik 

an�lush SWOT/SLOT (Strengths, Weaknesses/Limitations, Opportunities,

Threats) [87] kaj¸c kai gia mia emporik  kamp�nia markteting.

2. BeltistopoÐhsh, Epije¸rhsh kai EpÐlush Problhm�twn DiktÔou (Network O-

ptimization, Audit and Troubleshooting): Se aut  thn perÐptwsh ekteloÔntai

metr seic gia thn diereÔnhsh sugkekrimènwn problhm�twn kat� tic f�seic an�-

ptuxhc (roll-out) nèwn   ufist�menwn diktÔwn   thn parat rhsh sugkekrimènwn

problhm�twn pou parousi�zontai kat� thn f�sh leitourgÐac ston kÔklo zw c

tou thlepikoinwniakoÔ diktÔou. 'Etsi, entopÐzontai kai diorj¸nontai probl ma-

ta k�luyhc, elleip c parametropoÐhshc (missing neighbor cell assignments)  

qamhloÔ rujmoÔ met�doshc dedomènwn [88].
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Mèroc Perigraf 

ETSI TS 102 250-1 [89] Kajorismìc twn krithrÐwn QoS
ETSI TS 102 250-2 [90] Kajorismìc kai upologismìc twn paramètrwn QoS
ETSI TS 102 250-3 [91] Tupikèc diadikasÐec gia exoplismì mètrhshc QoS
ETSI TS 102 250-4 [92] Apait seic exoplismoÔ mètrhshc QoS
ETSI TS 102 250-5 [93] Kajorismìc senarÐwn metr shc
ETSI TS 102 250-6 [94] Mèjodoi metepexergasÐac kai statistik c an�lushc
ETSI TS 102 250-7 [95] Metr seic QoS basismènec sto dÐktuo

PÐnakac 5.1: Oikogèneia teqnik¸n prodiagraf¸n ETSI TS 102 250 epÐ jem�twn poiìthtac
gia dhmofileÐc uphresÐec se GSM kai UMTS dÐktua.

3. ParakoloÔjhsh Poiìthtac Uphresi¸n (QoS Monitoring): Oi metr seic autèc

diex�gontai gia thn katagraf  thc poiìthtac uphresi¸n apì eidikì exoplismì o

opoÐoc sun jwc diajètei apomakrusmèno èlegqo, èqei katanhmhmènh arqitekto-

nik  kai egkajÐstatai se oq mata (p.q. lewforeÐa, taxÐ klp) gia thn suneq   

periodik  katagraf  thc poiìthtac uphresi¸n ìpwc gÐnetai antilhpt  apì ton

telikì qr sth.

O eurwpaðkìc organismìc ETSI èqei protupopoi sei tic diadikasÐec gia thn mè-

trhsh kai axiolìghsh thc poiìthtac uphresi¸n kinht¸n epikoinwni¸n me thn om�da

teqnik¸n prodiagraf¸n ETSI TS 102 250; Parts 1-7 ìpwc parousi�zontai ston PÐ-

naka 5.1.

5.1 AntikeimenikoÐ kai SugkrÐsimoi DeÐktec Poiì-

thtac Uphresi¸n

Oi shmantikoÐ deÐktec poiìthtac pou metr¸ntai kai parousi�zontai gia tic uphresÐec

diktÔwn kinht¸n epikoinwni¸n eÐnai oi akìloujoi:

• DeÐktec anex�rthtoi thc uphresÐac

1. Diajesimìthta diktÔou - radiok�luyh.

• DeÐktec uphresÐac thlefwnÐac

1. Pijanìthta emplok c kl shc thlefwnÐac.

2. Pijanìthta diakop c kl shc thlefwnÐac.

3. Poiìthta thlefwnÐac.

4. Qrìnoc apokat�stashc kl shc fwn c.
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• DeÐktec uphresÐac binteothlefwnÐac

1. Pijanìthta emplok c kl shc binteothlefwnÐac.

2. Pijanìthta diakop c kl shc binteothlefwnÐac.

3. Poiìthta fwn c binteothlefwnÐac.

4. Poiìthta bÐnteo binteothlefwnÐac.

5. Qrìnoc apokat�stashc kl shc binteothlefwnÐac.

• DeÐktec euruzwnik¸n uphresi¸n dedomènwn

1. Pijanìthta apotuqÐac metafor�c dedomènwn http.

2. Mèsoc rujmìc metafor�c dedomènwn http.

3. Mèsoc rujmìc metafor�c dedomènwn ftp upload.

4. Mèsoc rujmìc metafor�c dedomènwn ftp download.

5.1.1 Diajesimìthta DiktÔou - Radiok�luyh

Radiok�luyh miac gewgrafik c perioq c apì èna dÐktuo èqoume ìtan to epÐpedo thc

èntashc tou pedÐou sthn en lìgw perioq  eÐnai Ðso   megalÔtero apì mÐa sugkekrimènh

tim  (kat¸fli), h opoÐa exasfalÐzei thn epikoinwnÐa metaxÔ kinhtoÔ telikoÔ qr sth

kai tou diktÔou. H sugkekrimènh tim  (kat¸fli) exart�tai apì ton tÔpo tou diktÔou

kinht¸n uphresi¸n.

O deÐkthc poiìthtac Diajesimìthta DiktÔou   Radiok�luyh � Network availabi-

lity / Radio coverage dhl¸nei th gewgrafik  k�luyh gia thn paroq  opoiasd pote

uphresÐac mèsw enìc diktÔou kinht¸n epikoinwni¸n se panelladik  klÐmaka. Ekfr�-

zetai me posostì me akrÐbeia dÔo dekadik¸n yhfÐwn kai orÐzetai wc to phlÐko tou

pl jouc twn shmeÐwn mètrhshc sta opoÐa up�rqei radiok�luyh proc to sunolikì a-

rijmì twn shmeÐwn mètrhshc. EpÐshc, ekfr�zetai me ènan apì touc akìloujouc ìrouc

kathgori¸n poiìthtac radiok�luyhc: kal , apodekt , kak  kai den up�rqei, ìpwc

parousi�zetai ston PÐnaka 5.2. Ta ìria radiok�luyhc (kat¸fli) an� dÐktuo kinht¸n

eÐnai ta ex c:

• SÔsthma GSM/DCS1800: RxLev ≥ −100dBm,

• SÔsthma UMTS: CPICH −RSCP ≥ −115dBm.

O upologismìc tou gÐnetai mèsw metr sewn sto pedÐo me sarwt  (scanner). Oi

diadromèc pou akoloujoÔntai gia thn pragmatopoÐhsh twn metr sewn kajorÐzontai
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Qarakthrismìc SÔsthma GSM/DCS1800 SÔsthma UMTS
Radiok�luyhc RxLev(dBm) CPICH −RSCP (dBm)

Kal  −85 ≤ RxLev −95 ≤ CPICH −RSCP
Apodekt  −95 ≤ RxLev < −85 −105 ≤ CPICH −RSCP < −95
Kak  −110 ≤ RxLev < −95 −115 ≤ CPICH −RSCP < −105
Den up�rqei RxLev < −110 CPICH −RSCP < −115

PÐnakac 5.2: Qarakthrismìc radiok�luyhc se GSM/DCS1800 kai UMTS dÐktua.

¸ste na kalÔptoun antiproswpeutik� ìlec tic kathgorÐec perib�llontoc. Oi exwteri-

kèc parembolèc, oi opoÐec ephre�zoun arnhtik� th radiok�luyh, prèpei na exetazooÔn

kai na epibebai¸nontai apì thn rujmistik  arq . Oi metr seic stic perioqèc ìpou

emfanÐzontai fainìmena parembol¸n eÐte exairoÔntai apì to deÐgma eÐte pragmato-

poioÔntai met� th lÔsh tou probl matoc. H k�luyh twn epÐgeiwn kinht¸n uphresi¸n

metr�tai se sunj kec parìmoiec me autèc pou antimetwpÐzei o telikìc qr sthc. H èn-

tash pedÐou katagr�fetai kat� th diadrom  pou dianÔei to ìqhma mètrhshc me epark 

an�lush, ¸ste na pragmatopoioÔntai apodektèc metr seic gia th sumperifor� thc.

Lamb�netai meg�loc arijmìc deigm�twn kat� thn mètrhsh sth mon�da tou qrìnou,

¸ste na mporoÔn na prokÔyoun oi mègistec kai oi mèsec timèc thc èntashc pedÐou,

sÔmfwna me ta diejn  prìtupa kai sust�seic kaj¸c kai th diejn  praktik . Gia thn

kalÔterh apotÔpwsh thc radiok�luyhc, oi diadromèc mètrhshc epilègontai me tètoio

trìpo ¸ste na emperièqontai oi allagèc sthn èntash tou pedÐou kaj¸c kai fainìmena

poludiadromik c (multipath) met�doshc. H mètrhsh afor� mìno sthn kajodik  zeÔxh

(down link) twn diktÔwn. Gia lìgouc amerolhyÐac kai antikeimenikìthtac oi metr seic

thc radiok�luyhc gÐnontai tautìqrona gia dÐktua thc Ðdiac kathgorÐac.

Basikì tm ma thc di�taxhc mètrhshc tou exoplismoÔ eÐnai o gr goroc sarwt c

suqnrot twn (fast frequency scanner). H suskeu  aut  pou eÐnai sugqronismènh me

ton dèkth GPS, katagr�fei touc shmantikoÔc deÐktec l yhc s matoc kai poiìthtac

s matoc gia ìla ta diajèsima emporik� dÐktua. Oi deÐktec autoÐ parousi�zontai stic

parak�tw upoenìthtec.

Qarakthrismìc k�luyhc GSM radiodiktÔwn

Oi pio shmantikoÐ par�metroi radiok�luyhc tou GSM eÐnai h lambanìmenh st�jmh s -

matoc RxLev (Received Level) basismènh sthn èntash tou pedÐou thc kuyèlhc kai h

poiìthta l yhc RxQual (Received Quality), basismènh ston rujmì laj¸n BER (Bit

Error Rate). An kai oi par�metroi RxLev kai RxQual eÐnai genikoÐ ìroi, oi par�me-

troi RxLevFull kai RxLevSub kaj¸c kai oi RxQualFull kai RxQualSub mporoÔn na

metrhjoÔn.
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Oi metr seic mporoÔn na ektelestoÔn se k�je SACCH (Slow Associated Control

Channel) poluplaÐsio, to opoÐo eÐnai 104 TDMA plaÐsia (480 ms) gia k�je kan�li

TCH (Traffic Channel) kai 102 TDMA plaÐsia (470.8 ms) gia èna kan�li SDCCH

(Stand-alone Dedicated Control Channel). To RxLevFull kai RxQualFull metr¸ntai

gia èna pl rec sÔnolo TDMA plaisÐwn to opoÐo apoteleÐtai eÐtai apì 100 (p.q. 104

- 4 idle) plaÐsia gia èna full-rate TCH   apì 52 plaÐsia gia èna half-rate TCH.

Oi par�metroi RxLevSub kai RxQualSub metr¸ntai gia èna uposÔnolo twn 4 SA-

CCH plaisÐwn kai gia ta SID (System Identification) TDMA plaÐsia /L2 plhrwmèna

plaÐsia (fill frames).

Shmei¸netai ìti oi par�metroi RxLevSub kai RxQualSub eÐnai oi piì kat�llhlh gia

thn axiolìghsh thc k�luyhc. Mia leptomer c mejodologÐa metr sewn radiok�luyhc

GSM radiodiktÔwn parousi�zetai sthn èkjesh ECC Report 118 [96].

Qarakthrismìc k�luyhc UMTS radiodiktÔwn

H radiok�luyh miac UMTS kuyèlhc kajorÐzetai ikanopoihtik� apì to kan�li CPICH

(Common Pilot Channel). To s ma tou kanalioÔ CPICH qrhsimopoieÐtai apì to

UE gia thn ektÐmhsh thc poiìthtac tou kanalioÔ, thn epilog  kai thn epanèpilog 

kuyèlhc (cell selection/re-selection) kaj¸c kai gia thn axiolìghsh twn diapomp¸n

(HOs, Hand-Overs). Oi pio shmantikoÐ kai qr simoi deÐktec CPICH radiok�luyhc

eÐnai apì thn pleur� tou UE to CPICH RSCP (Received Signal Code Power) kai to

CPICH Ec/I0.

To RSCP (dBm) eÐnai h metroÔmenh èntash tou pedÐou kai qrhsimopoieÐtai gia

thn axiolìghsh twn HOs, èlegqoc isqÔoc anoiqtoÔ brìqou sto downlink (DL) kai

uplink (UL), kaj¸c kai gia thn ektÐmhsh twn apwlei¸n di�doshc. To Ec/I0 (dB)

eÐnai o lìgoc thc lambanìmenhc enèrgeiac an� chip gia to CPICH proc thn sunolik 

fasmatik  puknìthta thc lambanìmenhc isqÔoc (I0)ston sÔndesmo thc keraÐac tou

dèkth kai sun jwc anafèretai wc CIR (Carrier-to-Interference Ratio). To Ec/I0 eÐnai

shmantik  mètrhsh kai qrhsimopoieÐtai eurèwc sthn epilog  kai epanepilog  kuyèlhc

kaj¸c kai thn axiolìghsh diapomp c. Sthn perÐptwsh pou den up�rqei parousÐa

parembol c, h st�jmh parembol c eÐnai Ðsh me to epÐpedo jorÔbou (N0). H parousÐa

uyhl¸n epipèdwn parembol c proerqìmenhc apì geitonikoÔc stajmoÔc b�shc kaleÐtai

pilot pollution.

Telik�, to RSSI (Received Signal Strength Indicator) eÐnai h par�metroc pou

lamb�nei upìyh mazÐ RSCP kai Ec/I0. Oi par�metroi RSCP, Ec/I0 kai RSSI, mporoÔn

na metrhjoÔn mìno sthn perioq  tou k¸dika (code).

RSSI[dBm] = RSCP [dBm]− Ec/I0[dB] (5.1)
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H teqnik  èkjesh ECC Report 103 [97] parousi�zei leptomer¸c thn mejodologÐa

metr sewn thc radiok�luyhc UMTS.

Qarakthrismìc k�luyhc LTE radiodiktÔwn

Up�rqoun pollèc omoiìthtec metaxÔ LTE kai UMTS ston qarakthrismì radiok�lu-

yhc par�oti to gegonìc ìti oi timèc metr¸ntai me teleÐwc diaforetikì trìpo exaitÐac

thc diaforetik c teqnologÐac (OFDMA ènanti WCDMA). Sta prohgmèna radiodÐ-

ktua LTE kajorÐzontai duo basikoÐ par�metroi axiolìghshc thc radiok�luyh: to

RSRP (Reference Signal Received Power) kai to RSRQ (Reference Signal Received

Quality).

H par�metroc RSRP gia mia kuyèlh orÐzetai wc o grammikìc mèsoc twn sunei-

sfor¸n isqÔoc (se [W]) apì ta stoiqeÐa phg c ta opoÐa fèroun s mata anafor�c

miac sugkekrimènhc kuyèlhc entìc enìc eÔrouc z¸nhc suqnot twn mètrhshc. Gia ton

kajorismì tou RSRP lamb�nontai upìyh ta s mata anafor�c thc sugkekrimènhc ku-

yèlhc R0 kai an eÐnai diajèsima ta R1 sÔmfwna me to prìtupo ETSI TS 136 213 [98]

tìte mporoÔn na qrhsimopoihjoÔn. An qrhsimopoihjeÐ diaforik  l yh apì to UE,

oi timèc mètrhshc mporeÐ na eÐnai isodÔnamec me ton grammikì mèso twn tim¸n isqÔoc

ìlwn twn diaforik¸n kl�dwn.

O deÐkthc E-UTRA Carrier RSSI (Received Signal Strength Indicator), perièqei

thn sunolik  lambanìmenh euruzwnik  isqÔc ìlwn twn pìrwn pou metr¸ntai apì to

UE, sumperilamb�nontac kuyèlec pou sunuphretoÔn kai mh, parembol  geitonikoÔ

kanalioÔ, jermikì jìrubo ktl.

O deÐkthc RSRQ (Reference Signal Received Quality) orÐzetai wc o lìgoc:

RSRQ =
N ×RSRP

E − UTRA Carrier RSSI
(5.2)

ìpou N eÐnai to pl joc twn RBs (Radio Blocks) tou metroÔmenou eÔrouc z¸nhc tou

E-UTRA carrier RSSI. Oi metr seic ston arijmht  kai paronomast  ja prèpei na

gÐnontai epÐ tou Ðdiou sunìlou RB’s.

DeÐktec jewrhtik c radiok�luyhc

DeÐkthc jewrhtik c k�luyhc perioq c ith,ter, orÐzetai apì thn sÔgkri-

sh thc jewrhtik c, Dcov,ter, kai thc antikeimenik c, objcov,ter, k�luyhc miac perioq c

(territory):

ith,ter =
Dcov,ter

objcov,ter
(5.3)
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DeÐkthc jewrhtik c plhjusmiak c k�luyhc ith,pop, orÐzetai apì thn sÔg-

krish thc jewrhtik c, Dcov,pop, kai thc antikeimenik c, objcov,pop, k�luyhc plhjusmoÔ

(population):

ith,pop =
Dcov,pop

objcov,pop
(5.4)

DeÐkthc jewrhtik c plhjusmiak c autokinhtìdromwn ith,hw, orÐzetai

apì thn sÔgkrish thc jewrhtik c, Dcov,hw, kai thc antikeimenik c, objcov,hw, k�luyhc

autokinhtìdromwn (highways):

ith,hw =
Dcov,hw

objcov,hw
(5.5)

Axiolìghsh twn metr sewn kat� m koc miac diadrom c

An Pmes,ter,dt eÐnai to posostì k�luyhc miac perioq c kat� m koc miac diadrom c (dt,

drive-test) sÔmfwna me tic metr seic, kai Pth,ter,dt to posostì jewrhtik c k�luyhc

antÐstoiqa, tìte o deÐkthc k�luyhc dÐdetai apì thn sqèsh:

imes,ter,dt =
Pmes,ter,dt

0.95× Pth,ter,dt

(5.6)

ìpou o suntelest c 0.95 eis�getai gia na lhfjoÔn upìyh oi abebaiìthtec twn metr -

sewn.

O deÐkthc k�luyhc gia ìlec tic diadromèc metr sewn miac perioq c (territory)

upologÐzetai apì ìlouc touc deÐktec twn epimèrouc diadromwn lamb�nontac upìyh

ènan par�gonta b�rouc analogik� me to m koc ldt twn diadrom¸n:

imes,ter =
∑

drive−tests

ldt∑
drive−tests

ldt
× imes,ter,dt (5.7)

OmoÐwc, gia thn perÐptwsh twn autokinhtìdromwn upologÐzontai o deÐkthc k�-

luyhc gia mia diadrom  mètrhshc, imes,hw,dt, kai olìklhrou tou autokinhtìdromou,

imes,hw,dt:

imes,hw,dt =
Pmes,hw,dt

0.95× Pth,hw,dt

(5.8)

imes,hw =
∑

drive−tests

ldt∑
drive−tests

ldt
× imes,hw,dt (5.9)

82 Qar�lampoc N. P tac - Didaktorik  Diatrib 



Kef�laio 5. Metr seic QarakthrismoÔ kai Sugkritik c Axiolìghshc Poiìthtac

5.1.2 Pijanìthta emplok c kl shc

O deÐkthc poiìthtac Pijanìthta emplok c kl shc � Access Failure Rate (AFR) a-

for� sthn emplok  kl sewn thlefwnÐac (antÐstoiqa binteothlefwnÐac) se èna dÐktuo

kinht¸n epikoinwni¸n kai qarakthrÐzei thn prosbasimìthta (accessibility) sthn uph-

resÐa thlefwnÐac (antÐstoiqa binteothlefwnÐac) tou diktÔou. Ekfr�zetai me posostì

me akrÐbeia dÔo dekadik¸n yhfÐwn kai orÐzetai wc to phlÐko tou pl jouc twn kl se-

wn fwn c stic opoÐec parousi�sthke emplok  proc to sunolikì arijmì twn kl sewn

fwn c pou pragmatopoi jhkan.

Gia ton upologismì tou deÐkth lamb�nontai upìyh ta akìlouja:

• O upologismìc tou gÐnetai mèsw metr sewn sto pedÐo me kinhtì stajmì, oi

opoÐec ekteloÔntai tautìqrona me autèc tou tou deÐkth radiok�luyhc

• Oi kl seic pragmatopoioÔntai sto di�sthma 08:00 me 20:00. Oi dokimèc den

pragmatopoioÔntai se gewgrafikèc perioqèc ìpou epikratoÔn akraÐec thlepi-

koinwniakèc sunj kec, ìpwc sugkentr¸seic, fusikèc katastrofèc k.l.p.

• Oi kl seic lamb�nontai upìyh efìson up�rqei radiok�luyh (diajesimìthta di-

ktÔou (availability)) sto shmeÐo pou èqoun pragmatopoihjeÐ.

• To qronikì perij¸rio sto opoÐo oloklhr¸netai mÐa kl sh orÐzetai gia dÐktua

GSM/DCS1800 kai UMTS sta prìtupa tou ETSI TS 102 250-2 kai TS 102

250-5.

• O el�qistoc qrìnoc anamon c metaxÔ dÔo kl sewn eÐnai eÐkosi (20) èwc tri�nta

(30) deuterìlepta gia ta dÐktua GSM/DCS1800 kai UMTS.

• To qronikì perij¸rio olokl rwshc mia kl shc paramènei stajerì sth di�rkeia

twn metr sewn. Sthn perÐptwsh pou mia kl sh apotÔqei   diakopeÐ bebiasmèna

apì to dÐktuo, h epìmenh prosp�jeia xekin� me to pèrac tou stajeroÔ qronikoÔ

perijwrÐou pou orÐzetai parap�nw.

• Kat� th diadikasÐa twn metr sewn threÐtai h akìloujh seir� energei¸n:

1. PragmatopoÐhsh kl shc.

2. Diat rhsh thc kl shc.

3. Termatismìc kl shc.

4. Anamon  mèqri thn epìmenh kl sh.
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Ta apotelèsmata twn metr sewn parousi�zoun thn pijanìthta emplok c kl shc

fwn c kaj¸c kai thn pijanìthta prìsbashc (Call Setup Success Rate, CSSR) pou

prokÔptei e�n apì th mon�da afairejeÐ pijanìthta emplok c kl shc. Sto Sq ma 5.1

pou akoloujeÐ parousi�zontai ta diagr�mmata gegonìtwn thc thlefwnik c kl shc

UMTS sthn perÐptwsh (a') MOC (Mobile Originating Call) kai (b') MOC (Mobile

Terminating Call).

(αʹ) MOC (Mobile Originating Call). (βʹ) MTC (Mobile Terminating Call).

Sq ma 5.1: Diagr�mmata gegonìtwn thc thlefwnik c kl shc UMTS ìtan h kl sh (a')
ekteleÐtai (MOC), kai ìtan (b') termatÐzetai (MTC) apì ton kinhtì stajmì.

5.1.3 Pijanìthta diakop c kl shc

H Pijanìthta diakop c kl shc � Call Drop Rate (CDR) afor� sthn pijanìthta ter-

matismoÔ miac epituqhmènhc prosp�jeiac kl shc fwn c gia opoiod pote lìgo ektìc

apì ton skìpimo termatismì tou kaloÔntoc   tou kaloÔmenou.

O deÐkthc ekfr�zetai me posostì me akrÐbeia dÔo dekadik¸n yhfÐwn kai orÐzetai

wc to phlÐko tou pl jouc twn epituqhmènwn kl sewn fwn c pou termatÐsthkan gia

opoiod pote lìgo ektìc apì ton skìpimo termatismì tou kaloÔntoc   tou kaloÔmenou,

proc to sunolikì pl joc twn kl sewn pou egkatast�jhkan epituq¸c. Oi kl seic

lamb�nontai upìyh efìson up�rqei radiok�luyh (diajesimìthta diktÔou) sto shmeÐo

pou èqoun pragmatopoihjeÐ.

Ta apotelèsmata twn metr sewn parousi�zoun thn pijanìthta diakop c kl shc

fwn c kaj¸c kai thn pijanìthta diat rhshc (retainability) thc kl shc fwn c pou

prokÔptei e�n apì th mon�da afairejeÐ h pijanìthta diakop c kl shc.
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5.1.4 Poiìthta fwn c

H Poiìthta fwn c � Speech/Listening Quality (SQ/LQ) apoteleÐ ton deÐkth poiìth-

tac met�doshc apì �kro se �kro thc fwn c thc uphresÐac kinht c thlefwnÐac (kaj¸c

kai thc binteothlefwnÐac). O upologismìc tou deÐkth pragmatopoieÐtai me b�sh al-

gorÐjmouc kai paramètrouc pou prodiagr�fontai se sqetikèc sust�seic thc ITU-T

kaj¸c kai teqni¸n prodiagraf¸n tou ETSI kai basÐzetai se oloklhrwmènec kl seic,

dhlad  kl seic stic opoÐec o termatismìc touc ègine apì thn di�taxh termatismoÔ.

H mètrhsh pragmatopoieÐtai qrhsimopoi¸ntac th mejodologÐa upologismoÔ tou deÐ-

kth diakop c kl shc prosjètontac thn an�logh leitourgik  mon�da katagraf c sthn

arqitektonik  thc metrhtik c di�taxhc.

EÐnai dunatìn na upologÐzetai genik� deÐkthc gia ìlec tic kl seic, kaj¸c epÐshc

kai merik�, dhlad  an� kateÔjunsh (downlink/uplink). Sto Sq ma 5.2 parousi�zetai

h dom  miac thlefwnik c kl shc dokim c.

Sq ma 5.2: H dom  miac thlefwnik c kl shc dokim c.

5.1.5 Poiìthta bÐnteo

H Poiìthta bÐnteo � Video Quality (VQ) apoteleÐ ton deÐkth poiìthtac met�doshc apì

�kro se �kro tou bÐnteo thc uphresÐac kinht c binteothlefwnÐac. O upologismìc tou

deÐkth pragmatopoieÐtai me b�sh algorÐjmouc kai paramètrouc pou prodiagr�fontai
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se sqetikèc sust�seic thc ITU-T kaj¸c kai teqni¸n prodiagraf¸n tou ETSI kai

basÐzetai se oloklhrwmènec kl seic, dhlad  kl seic stic opoÐec o termatismìc touc

ègine apì thn di�taxh termatismoÔ. H mètrhsh pragmatopoieÐtai qrhsimopoi¸ntac

th mejodologÐa upologismoÔ tou deÐkth diakop c kl shc prosjètontac thn an�logh

leitourgik  mon�da katagraf c sthn arqitektonik  thc metrhtik c di�taxhc.

EÐnai dunatìn na upologÐzetai genik� deÐkthc gia ìlec tic kl seic, kaj¸c epÐshc

kai merik�, dhlad  an� kateÔjunsh (downlink/uplink). Sto Sq ma 5.3 parousi�zetai

h dom  miac binteo-thlefwnik c kl shc dokim c.

Sq ma 5.3: H dom  miac binteo-thlefwnik c kl shc dokim c.

5.1.6 Qrìnoc apokat�stashc kl shc fwn c

O deÐkthc Qrìnoc apokat�stashc kl shc � Call Setup Time ekfr�zei to qrìno ston

opoÐo apokajÐstatai h kl sh fwn c apì th stigm  pou o telikìc qr sthc sumplhr¸-

nei ton arijmì tou kaloÔmenou sundromht . O deÐkthc ekfr�zetai se deuterìlepta

me akrÐbeia dÔo dekadik¸n yhfÐwn kai orÐzetai wc o qrìnoc apì th sumpl rwsh a-

pì ton kaloÔnta thc plhroforÐac dieÔjunshc, dhlad  tou arijmoÔ thlef¸nou tou

kaloÔmenou, mèqri th l yh eidopoÐhshc egkat�stashc kl shc fwn c.

H mejodologÐa, h ulopoÐhsh kai oi metrhtikèc diat�xeic pou qrhsimopoioÔntai gia

ton upologismì tou deÐth eÐnai oi Ðdiec me autèc pou qrhsimopoioÔntai gia to deÐkth

emplok c kl shc. Kat� ton upologismì tou deÐkth exairoÔntai oi kl seic gia tic

opoÐec up�rqei emplok  kl shc.

5.1.7 Pijanìthta apotuqÐac metafor�c dedomènwn http

O deÐkthc Pijanìthta apotuqÐac metafor�c dedomènwn http ekfr�zei thn pijanìthta

apotuqÐac metafor�c dedomènwn se prokajorismèno qronikì di�sthma ∆td me b�sh
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to prwtìkollo http. O deÐkthc ekfr�zetai me posostì me akrÐbeia dÔo dekadik¸n

yhfÐwn kai orÐzetai wc to phlÐko tou pl jouc twn anepituq¸n prospajei¸n metafor�c

dedomènwn se prokajorismèno qronikì di�sthma ∆td me b�sh to prwtìkollo http wc

proc to sunolikì arijmì epituq¸c arqikopoihmènwn prospajei¸n.

O deÐkthc kajorÐzetai me b�sh thn teqnik  anafor� ETSI TR 102 678 [99] kai

gia ton upologismì tou lamb�nontai upìyh idÐwc ta akìlouja:

1. Oi metr seic gÐnontai tautìqrona gia ìla ta dÐktua.

2. O exuphretht c (server) eÐnai egkatesthmènoc ston kìmbo oudèterhc diasÔn-

deshc Ja gÐnontai periodikoÐ èlegqoi diajesimìthtac tou server   periodikoÐ

èlegqoi tou qrìnou prìsbashc ston server.

3. O plohgìc (web browser) sto termatikì tou telikoÔ qr sth pou qrhsimopoieÐ-

tai stic metr seic eÐnai koinìc gia ìlec tic metr seic.

4. O tÔpoc tou termatikoÔ tou telikoÔ qr sth eÐnai sugkekrimènoc tìso ìson afo-

r� to logismikì (software) ìso kai to ulikì (hardware) kai koinìc gia ìlec tic

metr seic. To termatikì mporeÐ na eÐnai eÐte forhtìc upologist c efodiasmènoc

me kat�llhlo ulikì kai logismikì gia prìsbash sto dÐktuo trÐthc geni�c, eÐte

termatikì trÐthc geni�c to opoÐo na uposthrÐzei to prwtìkollo http.

5. H istoselÐda anafor�c eÐnai koin  gia tic metr seic se ìla ta upì exètash

dÐktua. H istoselÐda anafor�c kajorÐzetai me b�sh to prìtupo ETSI TR 102

505 [100]. Oi metr seic aforoÔn thn kateÔjunsh l yhc dedomènwn (download).

6. Oi metr seic gÐnontai se stajerì shmeÐo exasfalismènhc k�luyhc radiodiktÔou

kaj¸c kai en kin sei se sumfwnhmènec diadromèc.

7. Exasf�lish tou el�qistou apaitoÔmenou eÔrouc z¸nhc sÔndeshc tou exuphre-

tht  (server) me ta dÐktua twn parìqwn an�loga tou megèjouc twn arqeÐwn

dokim c.

5.1.8 Mèsoc rujmìc metafor�c dedomènwn http

O deÐkthcMèsoc rujmìc metafor�c dedomènwn http ekfr�zei ton mèso rujmì metafo-

r�c dedomènwn se prokajorismèno qronikì di�sthma ∆td me b�sh to prwtìkollo http

met� thn epituqhmènh apokat�stash sÔndeshc dedomènwn. OrÐzetai wc to phlÐko tou

ìgkou twn dedomènwn pou metafèrjhkan proc to qronikì di�sthma ∆td kai metr�tai

se Kbit/s se akèraiec timèc.
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Sq ma 5.4: Diagr�mmata gegonìtwn thc uphresÐac http.

5.1.9 Mèsoc rujmìc metafor�c dedomènwn ftp upload

O deÐkthc Mèsoc rujmìc metafor�c dedomènwn ftp upload ekfr�zei ton mèso rujmì

metafor�c dedomènwn se prokajorismèno qronikì di�sthma ∆td me b�sh to prwtì-

kollo ftp, met� thn epituqhmènh apokat�stash sÔndeshc dedomènwn. OrÐzetai wc to

phlÐko tou ìgkou twn dedomènwn pou metafèrjhkan proc to qronikì di�sthma∆td kai

metr�tai se Kbit/s se akèraiec timèc. Sto Sq ma 5.5 pou akoloujeÐ parousi�zontai

ta diagr�mmata gegonìtwn thc uphresÐac ftp upload sthn perÐptwsh (a') active kai

(b') passive mode.

(αʹ) ΄Ανω ζεύξη (UL) (active mode). (βʹ) ΄Ανω ζεύξη (UL) (passive model)

Sq ma 5.5: Diagr�mmata gegonìtwn thc uphresÐac ftp upload.
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5.1.10 Mèsoc rujmìc metafor�c dedomènwn ftp downlo-

ad

O deÐkthcMèsoc rujmìc metafor�c dedomènwn ftp download ekfr�zei ton mèso rujmì

metafor�c dedomènwn se prokajorismèno qronikì di�sthma ∆td me b�sh to prwtì-

kollo ftp, met� thn epituqhmènh apokat�stash sÔndeshc dedomènwn. OrÐzetai wc to

phlÐko tou ìgkou twn dedomènwn pou metafèrjhkan proc to qronikì di�sthma∆td kai

metr�tai se Kbit/s se akèraiec timèc. Sto Sq ma 5.6 pou akoloujeÐ parousi�zontai

ta diagr�mmata gegonìtwn thc uphresÐac ftp download sthn perÐptwsh (a') active kai

(b') passive mode.

(αʹ) Κάτω ζεύξη (DL) (active mode). (βʹ) Κάτω ζεύξη (DL) (passive mode)

Sq ma 5.6: Diagr�mmata gegonìtwn thc uphresÐac ftp download.

5.2 Krit ria Parembol¸n se DÐktua AsÔrma-

thc Prìsbashc

5.2.1 Parembolèc se dÐktua teqnologÐac GSM/DCS1800

H Ôparxh exwterik¸n parembol¸n sthn teqnologÐa GSM/DCS1800 kai kat� pìso

autèc ephre�zoun tic prosferìmenec uphresÐec, mporeÐ na kajoristeÐ b�sei statisti-

k¸n deikt¸n all� kai fasmatik c katagraf c. H Teqnik  'Ekjesh pou prèpei na

sunt�xei ènac p�roqoc uphresi¸n kinht¸n epikoinwni¸n teqnologÐac GSM/DCS1800,

perilamb�nei tic k�twji enìthtec:

Sunj kh PistopoÐhshc Parembol¸n

Gia thn pistopoÐhsh uparktoÔ probl matoc sthn prosferìmenh uphresÐa lìgw exwte-

rik¸n parembol¸n apaiteÐtai tautìqrona me to krit rio twn Idle Channel metr sewn
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na ikanopoioÔntai toul�qiston dÔo ek twn upoloÐpwn tess�rwn (Traffic, Dropped

Call Rate, Control Channel Drop Rate & Uplink Quality Handovers).

Analutik�, oi orismoÐ kai oi sunj kec upologismoÔ twn krithrÐwn eÐnai:

Idle Channel Measurements afor� tic metr seic èntashc isqÔoc sta mh katei-

lhmmèna kan�lia thc kuyèlhc. E�n to 20% twn deigm�twn (kat� th di�rkeia miac

¸rac toul�qiston) eÐnai isqurìtero apì −104dBm, jewreÐtai ìti up�rqoun pa-

rembolèc. Se perÐptwsh pou autèc proôp rqan, exet�zetai an kat� thn perÐodo

endiafèrontoc to proanaferjèn posostì  tan auxhmèno se sqèsh me th mèsh

tim  twn tri�nta prohgoÔmenwn hmer¸n kat� toul�qiston 50%.

Traffic afor� thn thlepikoinwniak  kÐnhsh. E�n h tim  thc thlepikoinwniak c kÐnh-

shc kat� thn pio apasqolhmènh ¸ra, meiwjeÐ se sqèsh me th antÐstoiqh mèsh

tim  twn prohgoÔmenwn dekapènte hmer¸n, me thn parousÐa parembol¸n, kat�

èna posostì thc t�xhc tou 50%, jewreÐtai ìti autèc èqoun sobar  epÐptw-

sh sthn pro. sferìmenh uphresÐa. Se k�je perÐptwsh, ja prèpei na èqoun

apokleisteÐ loipoÐ par�gontec meÐwshc autoÔ tou deÐkth.

Dropped Call Rate afor� to posostì kl sewn pou diekìphsan akoÔsia. E�n

autì auxhjeÐ se sqèsh me th mèsh tim  twn prohgoÔmenwn tri�nta hmer¸n me thn

parousÐa parembol¸n, jewreÐtai ìti èqoun sobar  epÐptwsh sthn prosferìmenh

uphresÐa. O bajmìc aÔxhshc ja prèpei na sqetÐzetai me thn fwnhtik  kÐnhsh pou

exuphreteÐ h kuyèlh hmerhsÐwc: toul�qiston 100% thlepikoinwniak  aÔxhsh

mèqri 100 Erlangs, 50% apì 100 mèqri 200 Erlangs, kai 25% gia kÐnhsh p�nw

apì 200 Erlangs. Se k�je perÐptwsh, ja prèpei na èqoun apokleisteÐ loipoÐ

par�gontec aÔxhshc autoÔ tou deÐkth.

Control Channel Drop Rate afor� to posostì diakop c kanali¸n shmatodosÐ-

ac. E�n h emf�nish parembol¸n aux sei autì to posostì toul�qiston kat� 50%

se sÔgkrish me th mèsh tim  twn prohgoÔmenwn tri�nta hmer¸n, pistopoioÔn-

tai sobarèc epipt¸seic sthn prosferìmenh uphresÐa. Se k�je perÐptwsh, ja

prèpei na èqoun apokleisteÐ loipoÐ par�gontec aÔxhshc autoÔ tou deÐkth.

Uplink Quality Handovers afor� to posostì handovers lìgw kak c poiìthtac

sto uplink. Ephre�zetai �mesa kai èntona apì exwterikèc parembolèc. qrei�-

zetai aÔxhsh autoÔ tou deÐkth kat� 50% toul�qiston, se sqèsh me th mèsh

tim  twn prohgoÔmenwn tri�nta hmer¸n, gia na pistopoihjeÐ antÐktupoc sthn

prosferìmenh uphresÐa. Se k�je perÐptwsh, ja prèpei na èqoun apokleisteÐ

loipoÐ par�gontec aÔxhshc autoÔ tou deÐkth.
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Qronik  Emf�nish Parembol¸n

'Enac apì touc shmantikìterouc paramètrouc gia th sÔntomh epÐlush twn fainomènwn

parembol c eÐnai h katagraf  thc qronik c di�rkeiac kai periìdou emf�nis c touc.

Ta apotelèsmata tou qronikoÔ diast matoc emf�. nishc thc parembol c all� kai h

qronik  di�rkeia aut c ja prèpei na anafèrontai sthn Teqnik  'Ekjesh k�je parìqou.

Fasmatik  Katagraf  Parembol¸n

H fasmatik  katagraf  tou s matoc parembol c kurÐwc sto IF (Intermediate Fre-

quency) epÐpedo tou sust matoc pompodèkth tou staj. moÔ b�shc, eÐnai polÔ shman-

tik  gia th gr gorh anagn¸rish all� kai entopismì tou shmeÐou ekpomp c autoÔ.

5.2.2 Parembolèc se dÐktua teqnologÐac UMTS

H Ôparxh exwterik¸n parembol¸n sthn teqnologÐa UMTS kai kat� pìso autèc e-

phre�zoun tic prosferì. menec uphresÐec, mporeÐ na kajoristeÐ b�sei statistik¸n

deikt¸n kai fasmatik¸n katagraf¸n. H Teqnik  'Ekjesh pou prèpei na sunt�xei

ènac p�roqoc uphresi¸n kinht¸n epikoinwni¸n teqnologÐac UMTS, perilamb�nei tic

k�twji enìthtec:

Sunj kh PistopoÐhshc Parembol¸n

Gia thn pistopoÐhsh uparktoÔ probl matoc sthn prosferìmenh uphresÐa lìgw exwte-

rik¸n parembol¸n apaiteÐtai tautìqrona me to krit rio tou RTWP (Received Total

Wideband Power) na ikanopoioÔntai toul�qiston dÔo ek twn upoloÐpwn tess�rwn

(Traffic, RRC Establishment Failure Rate, RRC Drop Rate & Voice Calls Drop

Rate) ek twn opoÐwn èna apì aut� na eÐnai to RSCP.

Analutik�, oi orismoÐ kai oi sunj kec upologismoÔ twn krithrÐwn eÐnai:

RTWP (Received Total Wideband Power) afor� thn metroÔmenh isqÔc sto dèkth

(f�sma 5MHz). Gia na anagnwristeÐ h Ôparxh exwterik¸n parembol¸n, kai me

dedomèno−105dBm wc st�jmh hremÐac, h kuyèlh prèpei na parousi�zei stajer�

mèsec wriaÐec timèc an¸terec twn −97dBm kat� tic ¸rec pou exuphreteÐ thn

el�qisth kÐnhsh (p.q. bradunèc ¸rec).

Traffic afor� thn thlepikoinwniak  kÐnhsh. E�n h tim  thc thlepikoinwniak c kÐnh-

shc kat� thn pio apasqolhmènh ¸ra, meiwjeÐ se sqèsh me th antÐstoiqh mèsh

tim  twn prohgoÔ. menwn dekapènte hmer¸n, me thn parousÐa parembol¸n, kat�
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èna posostì thc t�xhc tou 50%, jewreÐtai tìte ìti autèc èqoun sobar  epÐ-

ptwsh sthn prosferìmenh uph. resÐa. Se k�je perÐptwsh, ja prèpei na èqoun

apokleisteÐ loipoÐ par�gontec meÐwshc autoÔ tou deÐkth.

RRC Establishment Failure Rate afora to posostì apotuqhmènwn kanali¸n

shmatodosÐac. E�n autì auxhjeÐ, se sqèsh me th mèsh tim  twn prohgoÔmenwn

tri�nta hmer¸n, kat� toul�qiston 50% me thn parousÐa parembol¸n, jewreÐtai

tìte ìti autèc èqoun sobar  epÐptwsh sthn ikanìthta apokat�stashc kl se-

wn thc kuyèlhc. Se k�je perÐptwsh, ja prèpei na èqoun apokleisteÐ loipoÐ

par�gontec aÔxhshc autoÔ tou deÐkth.

RRC Drop Rate afor� posostì diakop c kanali¸n shmatodosÐac. Afor� tic e-

pipt¸seic sthn prosferìmenh uphresÐa pistopoioÔntai an me thn parousÐa pa-

rembol¸n o deÐkthc autìc auxhjeÐ kat� toul�qiston 100%, sugkrinìmenoc me

th mèsh tim  twn prohgoÔmenwn tri�nta hmer¸n. Se k�je perÐptwsh, ja prèpei

na èqoun apokleisteÐ loipoÐ par�gontec aÔxhshc autoÔ tou deÐkth.

Voice Calls Drop Rate afor� to posostì fwnhtik¸n kl sewn pou diekìphsan

akoÔsia. H emf�nish parembol¸n sunodeÔetai apì aÔxhsh autoÔ tou deÐkth,

se sqèsh me th mèsh tim  twn tri�nta prohgoÔmenwn hmer¸n, kat� toul�qiston

100% gia kuyèlec mèshc kai qamhl c fwnhtik c kÐnhshc (mèqri 150 Erlangs

hmerhsÐwc), kai kat� toul�qiston 50% gia kuyèlec fèrousec uyhl  kÐnhsh

(p�nw apì 150 Erlangs hmerhsÐwc). Se k�je perÐptwsh, ja prèpei na èqoun

apokleisteÐ loipoÐ par�gontec aÔxhshc autoÔ tou deÐkth.

Qronik  Emf�nish Parembol¸n

'Enac apì touc shmantikìterouc paramètrouc gia th sÔntomh epÐlush twn fainomènwn

parembol c eÐnai h katagraf  thc qronik c di�rkeiac kai periìdou emf�nis c touc. Ta

apotelèsmata tou qronikoÔ diast matoc emf�nishc thc parembol c all� kai h qronik 

di�rkeia aut c ja prèpei na anafèrontai sthn Teqnik  'Ekjesh k�je parìqou.

Fasmatik  Katagraf  Parembol¸n

H fasmatik  katagraf  tou s matoc parembol c kurÐwc sto IF epÐpedo tou sust ma-

toc pompodèkth tou stajmoÔ b�shc, eÐnai polÔ shmantik  gia th gr gorh anagn¸rish

all� kai entopismì tou shmeÐou ekpomp c autoÔ.
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5.3 Ergasthriakìc Exoplismìc Metr sewn

Oi metr seic diex qjhsan me th qr sh exoplismoÔ Diversity Benchmarker, SwissQual

AG [101] pou diajètei to EKR/EMP1. O exoplismìc epitrèpei thn tautìqronh diexa-

gwg  metr sewn se perissìtera tou enìc kuyelwt� dÐktua. To sÔsthma eÐnai kinhtì

kai mporeÐ eÐte na topojethjeÐ se autokinoÔmeno ìqhma eÐte na metafèretai apì pezì.

H sÔndesh me to kinhtì dÐktuo epitugq�netai mèsw kinht¸n thlef¸nwn pou prosfè-

roun prìsbash se eswterikèc paramètrouc tou diktÔou. To sÔsthma autì dienergeÐ

kl seic, katagr�fei paramètrouc twn kuyelwt¸n diktÔwn, metr� thn poiìthta fwn c

qrhsimopoi¸ntac ènan exuphretht  fwn c / autìmato thlefwnht  (voice server) ì-

pwc epÐshc kai thn poiìthta uphresi¸n diadiktÔou ìpwc metafor� dedomènwn/arqeÐwn,

hlektronikì taqudromeÐo, kai bÐnteo qrhsimopoi¸ntac ton exuphretht  polumèswn.

H poiìthta uphresÐac se metr seic fwn c kai dedomènwn upologÐzetai mèsw sqeti-

k¸n algorÐjmwn. O exoplismìc kajist� dunat  thn apotÐmhsh tou epipèdou poiìthtac

uphresÐac kai thn beltistopoÐhsh tou diktÔou. EÐnai sqediasmènoc tìso gia stajer�

ìso kai gia kinht� dÐktua. O metrhtikìc exoplismìc perilamb�nei mèsa sullog c ìlwn

twn dedomènwn mètrhshc kaj¸c kai ìlwn twn loip¸n plhrofori¸n pou sqetÐzontai

me tic metr seic se èna gewgrafikì shmeÐo. H diadikasÐa prìsbashc stic plhroforÐec

mètrhshc exasfalÐzei ìti oi plhroforÐec pou èqoun katagrafjeÐ eÐnai axiopoi simec.

5.3.1 Ulikì ExoplismoÔ (Hardware)

Kinhtì SÔsthma Metr sewn - Diversity Benchmarker

H di�taxh thc qrhsimopoioÔmenhc metrhtik c di�taxhc poiìthtac uphresi¸n susth-

m�twn kinht¸n epikoinwni¸n eÐnai sÔmfwnh me to prìtupo ETSI TS 102 250-4 kai

perilamb�nei:

Sarwt c - Fast Frequency Scanner suskeu  mètrhshc radiok�luyhc twn ra-

diodiktÔwn GSM/DCS1800/UMTS.

KinhtoÐ stajmoÐ dokim c - Test Mobile Stations prosomoi¸nei ènan tupikì

telikì qr sth. Prìkeitai gia kinht� thlèfwna kai WAN modems.

KeraÐec - Antennas exwterikèc keraÐec l yhc   oi keraÐec twn kinht¸n stajm¸n.

An�loga me th dokim , qrhsimopoieÐtai   enswmatwmènh   exwterik  keraÐa. Se

ìpoia perÐptwsh, h plhroforÐa aut  emperièqetai sta dedomèna arqeÐa mètrhshc.

1Ο εργαστηριακός εξοπλισμός Diversity Benchmarker, SwissQual AG, αποκτήθηκε από το Εργα-
στήριο Κινητών Ραδιοεπικοινωνιών ΕΜΠ το έτος 2008 με χρηματοδότηση (75% συμμετοχή Ε.Ε. και
25% συμμετοχή Υπουργείου Ανάπτυξης) της Γενικής Γραμματείας ΄Ερευνας και Τεχνολογίας (ΓΓΕΤ)
μέσω του Προγράμματος 05ΑΚΜΩΝ95.
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Sq ma 5.7: Arqitektonik  sust matoc metr sewn gia tautìqronec epÐ tw pedÐw metr -
seic gia thn axiolìghsh epÐdoshc kai benchmarking ìlwn twn pareqìmenwn uphresi¸n apì
sÔgqrona emporik� dÐktua kinht¸n epikoinwni¸n.

94 Qar�lampoc N. P tac - Didaktorik  Diatrib 



Kef�laio 5. Metr seic QarakthrismoÔ kai Sugkritik c Axiolìghshc Poiìthtac

H enswmatwmènh keraÐa qrhsimopoieÐtai gia dokimèc pou pragmatopoioÔntai:

1. entìc   ektìc ktirÐou pez�

2. statikèc metr seic se perib�llon grafeÐou.

Oi qrhsimopoioÔmenec keraÐec topojetoÔntai se stajerèc jèseic, stic opoÐec

ikanopoieÐtai h el�qisth metaxÔ touc apìstash gia th meÐwsh thc RF epÐdra-

shc se apodekt� ìria se antÐstoiqo hlektromagnhtikì perib�llon. H ap¸leia

hlektrik c sÔzeuxhc metaxÔ dÔo kinht¸n stajm¸n prèpei na eÐnai to el�qisto,

thc t�xewc twn 40.5dB, ìpwc orÐzetai sto prìtupou ETSI TS 100 910 [102].

Exwterikèc keraÐec qrhsimopoioÔntai se metr seic me oq mata (p.q. autokÐnhto,

trèno klp). Oi proteinìmenoi tÔpoi kerai¸n gia tupik� profÐl telik¸n qrhst¸n:

1. egkatesthmènh sthn orof  tou oq matoc: exwterik  keraÐa me   qwrÐc

prostijèmenh exasjènhsh,

2. egkatesthmènec entìc thc kampÐnac tou oq matoc qwrÐc prostijèmenh exa-

sjènhsh.

Stic metr seic lamb�nontai upìyh to kèrdoc thc keraÐac kai oi ap¸leiec kalw-

dÐwn.

Mon�da elègqou - Control Unit elègqei ìla ta energ� mèrh thc metrhtik c

di�taxhc. ApoteleÐtai apì thn mon�da elègqou ston kinhtì stajmì (CBM)

kai ton forhtì upologist  pou diaqeirÐzetai o qr sthc mèsw tou logismikoÔ

diepaf c.

SÔsthma katagraf c epexerg�zetai ta dedomèna mètrhshc kai apojhkeÔei ta

dedomèna mètrhshc. To sÔsthma apoteleÐtai apì 6 mon�dec PCM stic opoÐec

sundèontai oi kinhtoÐ stajmoÐ dokim c. Oi mon�dec diktu¸nontai kai elègqontai

me thn mon�da elègqou.

SÔsthma katagraf c gewgrafik c jèshc - GPS Gia tic metr seic se e-

xwterikoÔc q¸rouc, h jèsh mètrhshc prosdiorÐzetai me th qr sh miac mon�dac

GPS. H morf  twn suntetagmènwn gÐnetai me b�sh to WGS.84. To kinhtì

sÔsthma metr sewn sugqronÐzetai me to sÔsthma prosdiorismoÔ twn gewgra-

fik¸n suntetagmènwn ¸ste ìlec oi metr seic na diajètoun plhroforÐec qrìnou

kai jèshc.
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H akrÐbeia kai stajerìthta twn phg¸n sugqronismoÔ eÐnai uyhl  gia na ikano-

poihjeÐ h apaitoÔmenh akrÐbeia stic paramètrouc tou sust matoc. Sthn perÐ-

ptwsh pou èna shmeÐo diègershc (trigger point) upologÐzetai eÐte ston kinhtì

eÐte sto stajerì stajmì dokim c, tìte oi apìlutec timèc thc hmeromhnÐac kai

¸rac metaxÔ twn dÔo diat�xewn prèpei na parousi�zoun meg�lh akrÐbeia, ektìc

kai an up�rqei diadikasÐa sugqronismoÔ touc pou mporeÐ na energopoihjeÐ.

Trofodotikì - metatropèac adi�lleipth paroq  isqÔoc apì thn mpatarÐa tou

oq matoc metr sewn (DC/DC Converter 12/48V). Lìgw auxhmènhc katan�lw-

shc krÐnetai skìpimh h eidik  egkat�stash anabajmismènhc hlektrik c genn -

triac sto ìqhma.

Stajerì SÔsthma Exuphretht¸n - Fixed Servers Systems

Autìmatoc thlefwnht c (Voice server) 'Enac exuphretht c o opoÐoc eÐnai

sundedemènoc se dhmìsio thlefwnikì dÐktuo (ISDN/PSTN) mèsw thlefwni-

k¸n gramm¸n pl jouc Ðso me to pl joc twn radiodiktÔwn upì exètash. 'Etsi,

eÐnai efikt  h l yh kai h ektèlesh thlefwnik¸n kl sewn apì kai prìc to ki-

nhtì sÔsthma metr sewn. O exuphretht c diajètei mon�da epexergasÐac kai

katagraf c twn dedomènwn metr sewn.

Exuphretht c Polumèswn (Media server) AparaÐthtoc gia thn ektèlesh me-

tr sewn uphresi¸n dedomènwn eÐnai o exuphretht c polumèswn o opoÐoc egkajÐ-

statai se kèntro upologist¸n (Data Center) tou parìqou uphresi¸n diadiktÔou

(Internet Services Provider, ISP) me uyhl  egguhmènh qwrhtikìthta sÔndeshc.

Ston upologist  uyhl¸n epidìsewn èqoun egkatastajeÐ oi ex c exuphrethtèc

uphresi¸n:

1. Web server o opoÐoc parèqei thn istoselÐda dokim c mèsw prwtokìllou

http.

2. FTP server o opoÐoc parèqei ta arqeÐa metafor�c mèsw prwtokìllou

ftp.

3. Mail server o opoÐoc uposthrÐzei uphresÐec apostol c kai l yhc mh-

num�twn hlektronikoÔ taqudromeÐou mèsw prwtokìllwn (SMTP, POP3,

IMAP).

Shmei¸netai ìti exuphretht c mporeÐ na uposthrÐzei kai binteothlefwnÐa kaj¸c

kai uphresÐec bÐnteo (video-streaming).
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5.3.2 Logismikì tou ExoplismoÔ (Software)

H diexagwg  twn metr sewn diamorf¸netai kai o elègqetai apì ton Diaqeirist  Doki-

m¸n (Test Manager) en¸ ta dedomèna twn metr sewn parakoloujoÔntai zwntan� apì

sqetikì logismikì epopteÐac (NQView). Ta logismik� Test Manager kai NQView se

forhtì upologist  kat� th di�rkeia twn metr sewn. Met� to tèloc twn metr sewn

ta apotelèsmata eis�gontai sto ergaleÐo an�lushc NQDI (NetQual Database In-

terface) to opoÐo eÐnai sundedemèno me mia qwroqronik  b�sh dedomènwn metr sewn.

To ergaleÐo autì prosfèrei prohgmènh an�lush, filtr�risma kai anaz thsh dedo-

mènwn, statistik� gia touc deÐktec KPIs, dunatìthta �ntlhshc sugkekrimènwn mìno

plhrofori¸n, sqedÐash qart¸n kai diagramm�twn kai dhmiourgÐa anafor¸n.

Sta pio p�nw sq mata faÐnetai h dom  tou sust matoc metr sewn kai h epikoi-

nwnÐa metaxÔ twn mon�dwn pou to apoteloÔn. Analutik� autèc oi mon�dec eÐnai oi

akìloujec:

Test Manager (TM) to logismikì to opoÐo dhmiourgeÐ kai diaqeirÐzetai tic dokimèc.

B�sh dedomènwn TM logismikì to opoÐo apojhkeÔei tic rujmÐseic pou gÐnontai

sto Test Manager.

NQComm : logismikì to opoÐo epitrèpei thn epikoinwnÐa metaxÔ tou Test Manager

kai thc mon�dac tou Diversity. To NQComm fort¸nei ta dedomèna apì thn

b�sh dedomènwn, metatrèpei ta dedomèna sthn kat�llhlh morf  kai tìte ta

stèlnei sthn mon�da gia peraitèrw epexergasÐa.

NQView logismikì apì to opoÐo parakoloujoÔme zwntan� kai mporoÔme na anapa-

r�goume ta dedomèna twn metr sewn apì tou sust matoc.

5.3.3 Qarakthristik� Kerai¸n ExoplismoÔ

O tÔpoc twn kerai¸n pou qrhsimopoi jhkan  tan omoiokateujuntikì monìpolo kai

gia ton qarakthrismì twn kerai¸n autèc jewroÔntai wc monìjura. 'Ena mikrokumati-

kì monìjuro perigr�fetai apì ton sÔnjeto suntelest  an�klashc eisìdou, Γin(jω)

kai antÐstoiqa o sÔnjetoc suntelest c skèdashc S11(ȷω). Oi duo autèc par�metroi

exart¸ntai apì thn suqnìthta jω. Skopìc tou qarakthrismoÔ twn kerai¸n eÐnai na

upologistoÔn ta megèjh ìpwc o suntelest c an�klashc, o deÐkthc stasÐmwn kum�twn

(VSWR) kai h antÐstash eisìdou thc keraÐac Zin = Rin + jXin.

O suntelest c an�klashc kai h antÐstash eisìdou sqetÐzontai mèsw tou meta-

sqhmatismoÔ:
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Sq ma 5.8: Egkat�stash tou exoplismoÔ metr sewn sto ìqhma.

Sq ma 5.9: Egkat�stash twn kerai¸n tou sust matoc metr sewn sthn orof  tou oq -
matoc.
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Mègejoc Tim 

Mègisth IsqÔc 150 Watts
Sundet rac SMA RF

Kèrdoc
3 dBi (806 - 960 MHz)
4 dBi (1710 - 2100 MHz)

AntÐstash 50 Ω
TÔpoc KalwdÐou TrofodosÐac Pro FlexTM Plus
M koc KalwdÐou 12 ft

Ap¸leiec KalwdÐou
11.1 dB/100ft (900 MHz)
16 dB/100ft (1800 MHz)
19 dB/100ft (2500 MHz)

PÐnakac 5.3: Qarakthristik� kerai¸n exoplismoÔ.

Γin =
Zin(jω)− Z0

Zin(jω) + Z0

(5.10)

ìpou Z0 = 50Ω eÐnai h qarakthristik  antÐstash. O antÐstrofoc metasqhmatismìc

jewreÐtai pio qr simoc:

Zin(jω) = Z0
1 + Γin(jω)

1− Γin(jω)
(5.11)

Gia thn kalÔterh katanìhsh twn megej¸n, dÔnatai na upologistoÔn sthn logarij-

mik  klÐmaka (dB). O suntelest c an�klashc perilamb�nei tic ap¸leiec tou kalwdÐou

trofodosÐac (feeding cable).

O suntelest c an�klashc ja prèpei na eÐnai k�tw apì 10 dB sthn z¸nh suqno-

t twn endiafèrontoc kai antistoiqeÐ se tim  V SWR ≤ 1.8 sunolik�.

Gia ton skopì twn metr sewn qrhsimopoi jhkan 11 keraÐec tÔpou PCTEL OP078

[103]. Sto Sq ma 5.10 parousi�zontai ta diagr�mmata aktinobolÐac thc poluzwnik c

keraÐac.

Up�rqei h dunatìthta na qrhsimopoihjoÔn RF meÐktec (combiners) gia thn meÐwsh

tou pl jouc twn exwterik¸n kerai¸n sto sÔsthma metr sewn kaj¸c epÐshc kai twn

fainomènwn twn apost�sewn metaxÔ twn kerai¸n (range) kai thc emplok c blocking.

Oi teqnikèc prodiagrafèc twn termatik¸n suskeu¸n kajorÐzontai apì thn prodiagra-

f  ETSI TS 125 101 [104] ìpou èqei jewrhjeÐ ìti ta kinht� thlèfwna den leitourgoÔn

se kontin  apìstash. Antijètwc, èqei lhfjeÐ upìyh h el�qisth apìstash 5m gia e-

xwterikì q¸ro kai 1m gia eswterikì q¸ro ìtan prodiagr�fhkan oi apait seic twn

suskeu¸n.

Sunep¸c ìtan oi suskeuèc leitourgoÔn se polÔ kontin  apìstash ja prèpei na lh-

fjoÔn upìyh ta fainìmena endodiamìrfwshc (intermodulation) tou ekpompoÔ kai ta

qarakthristik� thc frag c (blocking), dhlad  pwc sumperifèretai o dèkthc parousÐa
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Sq ma 5.10: Di�gramma aktinobolÐac thc poluzwnik c keraÐac PCTEL OP078.

Rx Tx Sunist. Blocking Tx Power El�q. exasjèn.
s ma eisìdou paremb�llon s ma se dBm dBm dB

GSM900 GSM900 0 33 33
GSM900 DCS1800 -23 30 53
GSM900 UMTS2100 -23 18 41
DCS1800 GSM900 0 33 33
DCS1800 DCS1800 -10 30 40
DCS1800 UMTS2100 -10 18 28
UMTS2100 GSM900 -15 33 48
UMTS2100 DCS1800 -15 30 45
UMTS2100 UMTS2100 -15 18 33

PÐnakac 5.4: Upologismìc el�qisthc exasjènhshc gia meÐwsh tou fainomènou blocking
metaxÔ twn kinht¸n thlef¸nwn metr sewn pou leitourgoÔn se mikr  apìstash kai gia tic
teqnologÐec GSM900, DCS1800, UMTS2100.

isquroÔ mh epijumhtoÔ s matoc kai asjenoÔc epijumhtoÔ s matoc. SÔmfwna me thn

prodiagraf  ETSI ETS 300 607-1 [105], h frag  blocking eÐnai èna mètro thc dunatì-

thtac tou dèkth na lamb�nei èna epijumhtì s ma eisìdou parousÐa enìc anepijÔmhtou

s matoc, qwrÐc na uperbaÐnei mia dedomènh upob�jmish (degradation). H upob�jmish

metriètai wc meÐwsh thc euaisjhsÐac, mèqri thn pl rh ap¸leia l yhc. Gia thn apofu-

g  thc frag c qrhsimopoioÔntai exasjenhtèc attenuators ìpwc upologÐzontai ston

PÐnaka 5.4.

'Etsi, gia thn meÐwsh twn fainomènwn sthn teqnik  èkjesh [106] proteÐnetai h

egkat�stash mÐkth (combiner) ìpou ta thlèfwna pou leitourgoÔn se diaforetikèc

teqnologÐec diaqwrÐzontai se duo keraÐec (GSM/UMTS) kai se apìstash 0.5m ìpwc

parousi�zetai Sq ma 5.11. 'Etsi, sto ìqhma metr sewn egkajÐstantai sthn orof 
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mÐa keraÐa h opoÐa sundèetai sthn èxodo tou mÐkth twn thlef¸nwn pou leitourgoÔn

se teqnologÐa GSM kai �llh mia keraÐa antÐstoiqa gia ta thlèfwna se teqnologÐa

UMTS. Dedomènou tou gegonìtoc ìti to sÔsthma metr sewn apartÐzetai apì thlèfw-

na ta opoÐa leitourgoÔn se (a') teqnologÐa GSM900/DCS1800 (technology-locked)

apokleistik�, kai (b') se UMTS/GSM900/DCS1800 (dual-mode) den eÐnai mporeÐ na

uiojethjeÐ h sugkekrimènh prìtash egkat�stashc mikt¸n.

Sq ma 5.11: Leitourgikì di�gramma mikt¸n gia kinht� thlèfwna metr sewn teqnologÐac
leitourgÐac GSM kai UMTS.

MejodologÐa Dokim¸n Kerai¸n sto PedÐo twn Metr sewn

Gia ton skopì thc axiolìghshc twn kerai¸n thc peiramatik c di�taxhc epÐ tw pedÐw

twn metr sewn proteÐnetai mia apl  mejodologÐa dokim¸n gia ìlec tic suqnìthtec

leitourgÐac GSM 900 MHz, DCS 1800 MHz kai UMTS 2100 MHz.

Analutik�, oi suskeuèc dokim¸n (ta kinht� thlèfwna kai ta MODEMs) ekteloÔn

thn dokim  IDLE kleidwmèna kat� perÐptwsh se sugkekrimènh teqnologÐa. Epilège-

tai mia diadrom  sthn opoÐa ektim�tai ìti h st�jmh tou lambanìmenou s matoc gia

ènan p�roqo, gia ton opoÐo ja qrhsimopoihjoÔn apokleistik� SIMs, dÔnatai na p�rei

èna eurÔ f�sma tim¸n. Dhlad , to statistikì deÐgma metr sewn na proèrqetai apì

tm mata diadrom c apì polÔ kal c k�luyhc èwc asjenoÔc k�luyhc. H di�rkeia thc

dokim c proteÐnetai toul�qiston 30 lept�.

Sthn sunèqeia perigr�fontai oi dokimèc gia tic suqnìthtec leitourgÐac oi opoÐec

proteÐnontai na ekteloÔntai sthn Ðdia diadrom :

1. Dokimèc l yhc RxLev twn kinht¸n thlef¸nwn sthn z¸nh suqnot twn GSM

900MHz
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H dokim  ekteleÐtai me ta thlèfwna dokim¸n se kat�stash IDLE kai kleidw-

mèna sthn teqnologÐa GSM 900 MHz qr sei kart¸n SIM tou Ðdiou parìqou.

Apì thn statistik  an�lush twn metr sewn tou megèjouc RxLev ja prèpei

na mhn parousi�zontai meg�lec apoklÐseic stic mèsec timèc an� thlèfwno. An

RxLevGSM,i, i ∈ [1, 6] eÐnai oi mèsec timèc thc st�jmhc l yhc RxLev gia ta

6 thlèfwna, tìte ja prèpei maxiRxLevGSM,i − miniRxLevGSM,i < ϵ, ìpou

ϵ ≤ 2 < 3 dB.

Sto Sq ma 5.12 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc RxLev sto sÔsthma GSM 900 MHz gia 6 kinht� thlèfwna.

2. Dokimèc l yhc RxLev twn kinht¸n thlef¸nwn sthn z¸nh suqnot twn DCS

1800MHz

H dokim  ekteleÐtai me ta thlèfwna dokim¸n se kat�stash IDLE kai kleidw-

mèna sthn teqnologÐa DCS 1800 MHz qr sei kart¸n SIM tou Ðdiou parìqou.

Apì thn statistik  an�lush twn metr sewn tou megèjouc RxLev ja prèpei

na mhn parousi�zontai meg�lec apoklÐseic stic mèsec timèc an� thlèfwno. An

RxLevDCS,i, i ∈ [1, 6] eÐnai oi mèsec timèc thc st�jmhc l yhc RxLev gia ta

6 thlèfwna, tìte ja prèpei maxiRxLevDCS,i − miniRxLevDCS,i < ϵ, ìpou

ϵ ≤ 2 < 3 dB.

Sto Sq ma 5.13 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc RxLev sto sÔsthma DCS 1800 MHz gia 6 kinht� thlèfwna.

3. Dokimèc L yhc CPICH RSCP twn kinht¸n thlef¸nwn sthn z¸nh suqnot twn

UMTS 2100MHz

H dokim  ekteleÐtai me ta thlèfwna dokim¸n se kat�stash IDLE kai kleidwmèna

sthn teqnologÐa UMTS 2100 MHz qr sei kart¸n SIM tou Ðdiou parìqou. Apì

thn statistik  an�lush twn metr sewn tou megèjoucUE Best CPICH RSCP ja

prèpei na mhn parousi�zontai meg�lec apoklÐseic stic mèsec timèc an� thlèfwno.

An RSCPUMTS,i, i ∈ [1, 6] eÐnai oi mèsec timèc thc st�jmhc l yhc RSCP gia ta

6 thlèfwna, tìte ja prèpei maxiRSCPUMTS,i −miniRSCPUMTS,i < ϵ, ìpou

ϵ ≤ 2 < 3 dB.

Sto Sq ma 5.14 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc UE Best CPICH RSCP sto sÔsthma UMTS 2100 MHz gia 6

kinht� thlèfwna metr sewn.

4. Dokimèc L yhc RxLev twn HSPA+ Modems sthn teqnologÐa GPRS, GSM

900/1800 MHz

H dokim  ekteleÐtai me ta HSPA+ Modems dokim¸n se kat�stash IDLE qr sei
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kart¸n SIM tou Ðdiou parìqou. Apì thn statistik  an�lush twn metr sewn tou

megèjouc RxLev ja prèpei na mhn parousi�zontai meg�lec apoklÐseic stic mèsec

timèc an� Modem. An RxLevi, i ∈ [1, 3] eÐnai oi mèsec timèc thc st�jmhc l yhc

RxLev gia ta 3 HSPA+ Modems, tìte ja prèpei maxiRxLevi−miniRxLevi <

ϵ, ìpou ϵ ≤ 2 < 3 dB.

Sto Sq ma 5.15 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc RxLev sthn teqnologÐa GPRS, GSM 900/1800 MHz gia 3 H-

SPA+ Modems metr sewn.

5. Dokimèc L yhc CPICH RSCP twn HSPA+ Modems sthn z¸nh suqnot twn

UMTS 2100MHz

H dokim  ekteleÐtai me ta HSPA+ Modems dokim¸n se kat�stash IDLE qr sei

kart¸n SIM tou Ðdiou parìqou. Apì thn statistik  an�lush twn metr sewn

tou megèjouc UE Best CPICH RSCP ja prèpei na mhn parousi�zontai meg�lec

apoklÐseic stic mèsec timèc an� Modem. An RSCPUMTS,i, i ∈ [1, 3] eÐnai oi

mèsec timèc thc st�jmhc l yhc RSCP gia ta 3 HSPA+ Modems, tìte ja prèpei

maxiRSCPUMTS,i −miniRSCPUMTS,i < ϵ, ìpou ϵ ≤ 2 < 3 dB.

Sto Sq ma 5.16 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc UE Best CPICH RSCP sto sÔsthma UMTS 2100 MHz gia 3 3

HSPA+ Modems metr sewn.

5.3.4 Dokimèc Kinht¸n Thlef¸nwn

Gia thn axiolìghsh thc orj c leitourgÐac twn kinht¸n thlef¸nwn pou qrhsimopoioÔn-

tai sth di�taxh metr sewn, proteÐnontai dokimèc ektèleshc statik¸n dokim¸n thlefw-

nÐac se perioq  ìpou up�rqei èna epikratèc kan�li (sthn perÐptwsh twn teqnologi¸n

GSM kai DCS)   ènac epikrat¸n k¸dikac (Scrambling Code sto sÔsthma UMTS).

Oi dokimèc ekteloÔntai me SIM tou Ðdiou parìqou me prosdok¸meno apotèlesma h Ðdia

poiìthta fwn c.

1. Dokim  Poiìthtac Fwn c P862.1 sthn z¸nh suqnot twn GSM 900 MHz

H dokim  thlefwnÐac ekteleÐtai me ìla ta thlèfwna thc di�taxhc kleidwmèna

sthn teqnologÐa GSM 900 MHz qr sei kart¸n SIM tou Ðdiou parìqou. Apì

thn statistik  an�lush twn metr sewn tou megèjouc PESQ-LQ   P862.1 ja

prèpei na mhn parousi�zontai meg�lec apoklÐseic stic mèsec timèc an� thlèfwno.

An LQGSM,i, i ∈ [1, 6] eÐnai oi mèsec timèc thc poiìthtac fwn c LQ gia ta 6

thlèfwna, tìte ja prèpei maxi LQGSM,i−mini LQGSM,i < ϵ, ìpou ϵ ≤ 0.5 < 1.

Qar�lampoc N. P tac - Didaktorik  Diatrib  103



Kef�laio 5. Metr seic QarakthrismoÔ kai Sugkritik c Axiolìghshc Poiìthtac

Sto Sq ma 5.17 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc PESQ-LQ sto sÔsthma GSM 900 MHz gia 6 kinht� thlèfwna

metr sewn.

2. Dokimèc Poiìthtac Fwn c P862.1 sthn z¸nh suqnot twn DCS 1800 MHz

H dokim  thlefwnÐac ekteleÐtai me ìla ta thlèfwna thc di�taxhc kleidwmèna

sthn teqnologÐa DCS 1800 MHz qr sei kart¸n SIM tou Ðdiou parìqou. Apì

thn statistik  an�lush twn metr sewn tou megèjouc PESQ-LQ   P862.1 ja

prèpei na mhn parousi�zontai meg�lec apoklÐseic stic mèsec timèc an� thlèfwno.

An LQDCS,i, i ∈ [1, 6] eÐnai oi mèsec timèc thc poiìthtac fwn c LQ gia ta 6

thlèfwna, tìte ja prèpei maxi LQDCS,i −mini LQDCS,i < ϵ, ìpou ϵ ≤ 0.5 < 1.

Sto Sq ma 5.18 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc PESQ-LQ sto sÔsthma GSM 900 MHz gia 6 kinht� thlèfwna

metr sewn.

3. Dokimèc Poiìthtac Fwn c P862.1 sthn z¸nh suqnot twn UMTS 2100 MHz

H dokim  thlefwnÐac ekteleÐtai me ìla ta thlèfwna thc di�taxhc kleidwmèna

sthn teqnologÐa UMTS 2100 MHz qr sei kart¸n SIM tou Ðdiou parìqou. Apì

thn statistik  an�lush twn metr sewn tou megèjouc PESQ-LQ   P862.1 ja

prèpei na mhn parousi�zontai meg�lec apoklÐseic stic mèsec timèc an� thlèfwno.

An LQUMTS,i, i ∈ [1, 6] eÐnai oi mèsec timèc thc poiìthtac fwn c LQ gia ta 6

thlèfwna, tìte ja prèpei maxi LQUMTS,i−mini LQUMTS,i < ϵ, ìpou ϵ ≤ 0.5 <

1.

Sto Sq ma 5.19 parousi�zountai ta graf mata twn katanom¸n PDF kai CDF

tou megèjouc PESQ-LQ sto sÔsthma UMTS 2100 MHz gia 6 kinht� thlèfwna

metr sewn.

5.4 LeitourgÐa metrhtikoÔ sust matoc

Gia thn ek�stote metrhtik  kamp�nia, ja prèpei na pragmatopoioÔntai èna sÔnolo apì

basikèc enèrgeiec pou diasfalÐzoun kat� to dunatìn thn orj  leitourgÐa tou metrh-

tikoÔ sust matoc, tìso prin thn ènarxh, ìso kai kat� th di�rkeia twn metr sewn.

Oi basikèc enèrgeiec sunoyÐzontai wc ex c:

• Paroq  pistopoihtik¸n diakrÐbwshc gia ta dokimastikèc termatikèc suskeuèc,

to sarwt  kai gia to kèrdoc keraÐac (UE, scanner & antenna gain measure-

ments calibration certificates) me saf  èndeixh epìmenhc hmeromhnÐac elègqou

(validation due date) sÔmfwna me ton kataskeuast  aut¸n. Gia tic suskeuèc
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to pistopoihtikì ja perilamb�nei elègqouc/dokimèc (pass/fail tests) sÔmfwna

me tic prodiagrafèc 3GPP.

• Metr seic twn kalwdÐwn trofodosÐac twn kerai¸n (antenna line measure-

ments) se ìlo to f�sma 900/1800/2100 MHz gia tic paramètrouc: total Loss,

Distance to Fault, Return Loss VSWR kai th dhmiourgÐa arqeÐou me tic arqikèc

timèc aut¸n.

• ProstasÐa twn kalwdÐwn twn exwterik¸n kerai¸n apì qtup mata kai fjorèc.

Den eÐnai apodekt  h ìdeush twn kalwdÐwn mèsa apì anoiqt� par�jura   tic

pìrtec tou oq matoc klp.).

• Mètrhsh kai pistopoÐhsh orj c leitourgÐac k�je passive element pou qrhsi-

mopoieÐtai kat� m kouc tou antenna line.

• Diasf�lish asfaloÔc egkat�stashc kai sterèwshc ìlwn twn tmhm�twn tou

metrhtikoÔ sust matoc sto ìqhma kai idiaÐtera twn exwterik¸n. Dunatìth-

ta elègqou thc egkat�stashc kai upobol  enst�sewn kai parathr sewn gia

pijanèc diorj¸seic ek mèrouc twn parìqwn.

• Dunatìthta dokimastik¸n metr sewn se sugkekrimènh diadrom  prin thn ènarxh

tou èrgou (pretests), me tautìqronh parousÐa ekpros¸pou k�je parìqou. Oi

par�metroi pou kat� el�qisto ja prèpei na dojoÔn gia k�je suskeu  xeqwrist�

eÐnai katanomèc RxLev, RSCP, UL PESQ, DL PESQ, max PESQ.

Kat� th di�rkeia twn metr sewn:

• LÐsta elègqou (check list) sugkekrimènwn energei¸n pou prèpei na gÐnontai se

kajhmerin  b�sh apì to qeirist  tou metrhtikoÔ sust matoc. Endeiktik�, kat�

el�qisto, proteinìmenec enèrgeiec eÐnai o optikìc èlegqoc tou sust matoc, ka-

lwdi¸sewn, èlegqoc gia qalaroÔc sundèsmouc (connectors), energì stÐgma ge-

wgrafikoÔ prosdiorismoÔ jèshc (GPS active), st�jmh s matoc (RxLev/ RSCP

static tests), èlegqoc suskeu¸n kai sarwt  (UE vs Scanners check) klp.

• 'Elegqoc omal c leitourgÐac tou metrhtikoÔ sust matoc (software kai hardwa-

re) kat� th di�rkeia thc ek�stote diadrom c, esti�zontac sthn parakoloÔjhsh

twn PCMs kai Scanner monitors, proc apofug  katagraf c mazik¸n �kurwn

metr sewn (fake call events).

• Suqn  enallag  kart¸n SIM (gia par�deigma k�je 2 mèrec, all� to argìtero

se ebdomadiaÐa b�sh).
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• Metr seic Return Loss VSWR gia k�je kal¸dio trofodosÐac keraÐac se ebdo-

madiaÐa b�sh.

5.5 Dokimèc - Sen�ria Metr sewn

Gia thn ektèlesh sugkritik¸n metr sewn poiìthtac (benchmarking) ja prèpei na

kajorisjoÔn ta sqetik� profÐl (profiles) metr sewn. Oi shmantikoÐ plèon par�gontec

gia ton kajorismì enìc profÐl eÐnai:

• to pl joc twn sunìdwn (sessions),

• h di�rkeia twn sunìdwn,

• o qrìnoc metaxÔ twn sunìdwn,

• oi apaitoÔmenec rujmÐseic QoS gia tic uphresÐec dedomènwn,

• oi rujmÐseic prwtokìllwn (TCP/IP rujmÐseic gia uphresÐec dedomènwn, AMR

rujmÐseic gia uphresÐec fwn c),

• oi par�metroi kai rujmÐseic twn kinht¸n diktÔwn,

• ta profÐl qrhst¸n,

• plhjusmiak  puknìthta qrhst¸n kinht¸n epikoinwni¸n,

• h gewgrafik  perioq ,

• o tÔpoc thc perioq c (eswterikoÐ q¸roi, hotspot, pìlh, autokinhtìdromoc, h-

miastikì / agrotikì perib�llon klp),

• taqÔthta metr sewn,

• tÔpoc oq matoc metr sewn,

• tÔpoc kerai¸n,

• tÔpoc termatik c suskeu c (kinhtì thlèfwno, k�rta dedomènwn),

• teqnik� qarakthristik� suskeu¸n (hardware, firmware version),

• ergasthriakìc exoplismìc tou stajeroÔ diktÔou (test servers).
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KathgorÐa TÔpoc Perib�llon

S1O aerodrìmia, stajmoÐ trènwn, emporik� kèntra, ekjèseic, outdoor
S1I epiqeirhmatik� kèntra, touristikèc perioqèc k.a. indoor

PÐnakac 5.5: Statikèc metr seic (stationary tests).

KathgorÐa TÔpoc

D1 Metr seic trènwn
D2 Astikèc perioqèc (mesaÐec pìleic)
D3 Autokinhtìdromoi
D4 Agrotikèc perioqèc (eparqiakoÐ drìmoi)
D5 Meg�lec pìleic
W1 Pezopìrec diadromèc (indoor metr seic)
W2 Pezopìrec diadromèc (outdoor metr seic)

PÐnakac 5.6: En kin sei metr seic (drive/walk tests).

Ta perib�llonta metr sewn kathgoriopoioÔntai b�sei tou tÔpou metr sewn, sta-

tikèc   en kin sei (drive/walk tests), ìpwc parousi�zontai stouc PÐnakec 5.5 kai 5.6.

Kat� thn axiolìghsh twn KPIs pou anafèrontai anwtèrw, ja prèpei na gÐnei ka-

tanohtì ìti ta epÐpeda empistosÔnhc se mia kamp�nia metr sewn exart�tai se meg�lo

bajmì apì ton arijmì twn deigm�twn pou èqoun sulleqeÐ. To pl joc twn deigm�twn

den eÐnai idiaÐtera shmantikìc kat� thn pr¸th f�sh thc beltistopoÐhshc, to opoÐo

esti�zei sth diereÔnhsh kai thn epÐlush twn basik¸n zhthm�twn tou diktÔou kai ì-

qi gia th statistik  egkurìthta twn metr sewn. Se epìmenouc gÔrouc metr sewn

beltistopoÐhshc, kaj¸c to radiodÐktuo plhsi�zei emporik  leitourgÐa, o arijmìc twn

deigm�twn eÐnai shmantikì na epalhjeÔei thn tim -stìqo epÐdoshc. Dhlad , kat� thn

di�rkeia kai kat� m koc miac peperasmènhc diadrom  miac kamp�niac metr sewn h tim 

thc epÐdoshc eÐnai mia akrib c statistik  anapar�stash tou epÐdoshc tou suolikoÔ

diktÔou [107]. O kajorismìc tou arijmoÔ twn deigm�twn pou apaitoÔntai gia thn

epikÔrwsh twn metr sewn perilamb�netai sthn jewrÐa statistik c. O arijmìc twn

deigm�twn pou ikanopoieÐ èna apaitoÔmeno epÐpedo empistosÔnhc mporeÐ na upologÐze-

tai apì thn k�twji exÐswsh.

Nsamples = max

[
p(1− p)z2a/2

e2
,

c

1− p

]
(5.12)

ìpou Nsamples eÐnai to pl joc twn deigm�twn pou ektim�tai apì ta akìlouja:

z2a/2 : h tupik  kanonik  katanom , gia 95% isoÔtai me 1.96   2.58 gia 99%,

p : h prosdok¸menh pijanìthta epituqÐac,
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e : to apodektì sf�lma mètrhshc,

c : mia stajer� (tim  5).

O ìroc c/(1 − p) jewreÐtai h mègisth tim  pou diasfalÐzei ìti èqei epiteuqjeÐ ènac

ikanopoihtikì pl joc metr sewn.

5.5.1 Metr seic Radiok�luyhc

To basikì mègejoc gia ton qarakthrismì poiìthtac enìc diktÔou radioprìbashc sta

sust mata kinht¸n thlepikoinwni¸n eÐnai h radiok�luyh. H metr seic radiok�luyhc

ekteloÔntai apì thn suskeu  scanner gia to opoÐo ja prèpei na kajorisjoÔn oi par�-

metroi twn radiodiktÔwn proc mètrhsh ìpwc to ìnoma tou parìqou (operator), MCC

(Mobile Country Code), MNC (Mobile Network Code), GSM kai UMTS kan�lia pou

èqoun anatejeÐ se k�je p�roqo. EÐnai shmantikì na kataqwrhjoÔn ìla ta kan�lia

pou eÐnai adeiodothmèna apì touc parìqouc sthn suskeu  mètrhshc.

5.5.2 Dokim  thlefwnÐac kai binteothlefwnÐac

Gia thn dokim  thlefwnÐac proteÐnetai h di�rkeia kl shc (CD, call duration) proteÐ-

netai:

CD1 : 10s gia thn dokim  call setup

CD2 : 120s gia tupikèc dokimèc

CD3 : 300s gia dokimèc eust�jeiac

Call Window: isoÔtai me thn di�rkeia kl shc +30s (gia tic f�seic setup kai

release), +30s gia thn el�qisth di�rkeia paÔshc metaxÔ duo kl sewn. 'Etsi gia mia

tupik  dokim  èqoume sunolik� 180s.

O qrìnoc ekpno c (timeout) thc dokim c proteÐnetai se 20s kai upodhl¸nei ton

deÐkth mh-diajesimìthtac uphresÐac.

5.5.3 Dokimèc uphresi¸n dedomènwn kinhtoÔ diadiktÔ-

ou - Genik�

Skopìc thc dokim¸n eÐnai o qarakthrismìc epÐdoshc twn prosferìmenwn uphresi¸n

dedomènwn diadiktÔou ìpwc thc metafor�c arqeÐwn (file transfer) apì (download)

kai proc (upload) ton exuphretht , thc plo ghshc se istoselÐdec diadiktÔou (web
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browsing), thn apostol  (e-mail send) kai l yh (e-mail receive) mhnÔmatoc hlektro-

nikoÔ taqudromeÐou, thn mètrhsh kajustèrhshc diktÔou ping kai thn l yh bÐnte-

o/polumesik c ro c. Fusik�, prÐn thn ènarxh twn parap�nw dokim¸n ja prèpei na

èqei energopoihjeÐ to PDP (PDP Context Activation) kai met� to pèrac autì na

èqei apenergopoihjeÐ PDP (PDP Context De-activation). Fusik�, h metafor� de-

domènwn gÐnetai efìson èqei pragmatopoijeÐ arqik� sÔndesh se sto kinhtì dÐktuo

GPRS (GPRS Attach) kai telik� aposÔndesh (GPRS Attach).

Oi dokimèc ekteloÔntai eÐte apì kinhtì thlèfwno eÐte apì USB modem. EÐnai

shmantikì o termatikìc exoplismìc na uposthrÐzei thn teletaÐa teqnologÐa prìsbashc

(p.q. HSPA+, DC-HSPA) kai ton mègisto rujmìc met�doshc.

5.5.4 Dokim  sÔndeshc (attach) kai aposÔndeshc (detach)

GPRS.

O skopìc thc dokim c GPRS attach eÐnai h ektèlesh miac epituqhmènhc sÔndeshc

GPRS sto kinhtì dÐktuo. H dokim  eÐnai epituqhmènh an epiteuqjeÐ h sÔndesh sto

dÐktuo. Wc par�metroc mètrhshc eÐnai o qrìnoc pou apaiteÐtai gia thn sÔndesh thc

suskeu c. Shmei¸netai ìti h dokim  ekteleÐtai mìno gia suskeu c kinht¸n epikoinw-

ni¸n.

Arqik�, h suskeu  elègqei an èqei sundejeÐ   ìqi sto dÐktuo. An eÐnai sun-

dedemènh, ja ektelesteÐ h entol  aposÔndeshc GPRS detach kai katìpin xekin� h

pragmatik  prosp�jeia ektèleshc thc entol c GPRS attach.

AntÐstoiqa, o skopìc thc dokim c eÐnai h ektèlesh miac epituqhmènhc aposÔndeshc

GPRS apì to kinhtì dÐktuo. H dokim  eÐnai epituqhmènh an epiteuqjeÐ h aposÔndesh

apì to dÐktuo. Wc par�metroc mètrhshc eÐnai o qrìnoc pou apaiteÐtai gia thn aposÔn-

desh thc suskeu c. Shmei¸netai ìti h dokim  ekteleÐtai mìno gia suskeu  kinht¸n

epikoinwni¸n.

Arqik�, h suskeu  elègqei an èqei  dh aposundejeÐ   ìqi apì to dÐktuo. An

eÐnai aposundedemènh   se perÐptwsh pou den dÔnatai na kajoristeÐ h kat�stash, ja

ektelesteÐ h entol  aposÔndeshc GPRS detach. An  dh èqei aposundejeÐ, h dokim 

ja oloklhrwjeÐ epituq¸c qwrÐc na ektelesteÐ k�poia enèrgeia.

5.5.5 Dokim  energopoÐhshc (activation) kai apenergo-

poÐhshc (deactivation) PDP.

H dokim  PDP Activation elègqei thn dokim  energopoÐhshc tou perieqomènou PDP.

H dokim  eÐnai epituq c ìtan h suskeu  sundejeÐ epituq¸c sto kinhtì dÐktuo. H

dokim  mporeÐ na ektelesteÐ mìno apì suskeuèc diktÔwn kinht¸n epikoinwni¸n. H
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efarmog  ja xekin sei thn prosp�jeia ekkÐnhshc sunìdou dialup me to dÐktuo. Kat�

thn di�rkeia thc sunìdou dialup, to kinhtì ja prospaj sei na energopoi sei to PDP

perieqìmeno. Mia epituqhmènh energopoÐhsh PDP perieqomènou ja epistrèyei IP

dieÔjunsh (IP-address) sto kinhtì thlèfwno   USB MODEM.

H dokim  PDP Deactivation elègqei thn epenergopoÐhshc tou perieqomènou PDP.

H dokim  eÐnai epituq c ìtan h suskeu  aposundejeÐ epituq¸c sto kinhtì dÐktuo. H

dokim  mporeÐ na ektelesteÐ mìno apì suskeuèc diktÔou kinht¸n epikoinwni¸n. H

efarmog  ja xekin sei thn prosp�jeia aposÔndeshc apì to dÐktuo ektel¸ntac thn

leitourgÐa thc PDP apenergopoÐhshc.

5.5.6 Dokim  Mètrhshc Kajustèrhshc DiktÔou PING

H dokim  PING qrhsimopoieÐtai gia na epikur¸sei thn sundesimìthta metaxÔ tou

kinhtoÔ upologist  kai tou exuphretht  dokim¸n se èna dÐktuo dedomènwn IP. H

dokim  metr� ton qrìno metèpistrof c (Round Trip Time) metaxÔ tou ait matoc

(Echo Request) kai thc ap�nthshc (Echo Reply) pollapl¸n pings stèlnontac ICMP

mhnÔmata.

H dokim  jewreÐtai epituq c ìtan ìla ta ICMP Echo Requests epibebai¸nontai apì ta

antÐstoiqa ICMP Echo Reply mhnÔmata. An k�poia apì ta pings den epibebaiwjoÔn

epituq¸c entìc miac projesmÐac, h dokim  jewreÐtai apotuqhmènh.

Basik  LeitourgÐa kat� thn dokim  apostèlletai èna ping (ICMP Echo Request)

ston exuphretht  dokim¸n me èna kajorismèno sto mègejoc ICMP pakèto kai anamè-

netai mia epituq c apìkrish entìc miac kajorismènhc projesmÐac (time out). An to

m numa ICMP Echo Reply den katafj�sei ston kinhtì upologist  dokim¸n entìc thc

projesmÐac, h apìkrish ping jewreÐtai apotuqhmènh [108].

H diadikasÐa epanalamb�netai èwc to sÔnolo twn kajorismènwn prospajei¸n ping

èqoun apostaleÐ proc ton exuphretht  dokim¸n. MetaxÔ duo prospajei¸n efarmìze-

tai mia paÔsh sugkekrimènhc di�rkeiac (interval time).

Ta apotelèsmata thc basik c an�lushc thc mètrhshc parousi�zontai wc ex c:

• to ìnoma   h dieÔjunsh IP tou exuphretht  dokim¸n

• h mèsh tim  twn RTTs ìlwn twn ICMP Echo request/response RTT qrìnwn.

• to pl joc twn epituqhmènwn pings

• to mègejoc tou ICMP pakètou

• o qrìnoc RTT tou k�je ping

• o arijmìc akoloujÐac tou k�je ping
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5.5.7 Dokim  Metafor�c ArqeÐwn (FTP Test)

H dokim  FTP qrhsimopoieÐtai na elègxei thn diajesimìthta thc uphresÐac metafo-

r�c arqeÐwn kai na metr sei thn rujmoapìdosh thc efarmog c gia tic peript¸seic

metafor�c proc (download) apì (upload) kai ton kinhtì upologist . H dokim  eÐnai

epituq c ìtan parathroÔme epijumht  leitourgÐa (upload/download)

Prin èna arqeÐo metaferjeÐ mèsw FTP prwtokìllou, mia sÔndesh kanalioÔ elèg-

qou prèpei na egkatastajeÐ proc ton FTP exuphretht . To kan�li elègqou qrhsimo-

poieÐtai sthn antallag  FTP entol¸n metaxÔ pel�th kai exuphretht . Efarmìzontai

entolèc ìpwc sÔndesh ston logariasmì qr sth (login), allag  fakèlou kai epilo-

g  leitourgÐac FTP. Sthn perÐptwsh thc leitourgÐac FTP GET (download)   FTP

PUT (upload), to kan�li dedomènwn egkajÐstatai me skopì thn metafor� twn dedo-

mènwn. To kan�li elègqou diathreÐtai anoiktì kat� thn di�rkeia metafor�c arqeÐou

me skopì thn antallag  �llwn entol¸n. DiakrÐnontai duo katast�seic (modes),

energ  kai pajhtik . Sthn energ  kat�stash (active mode), o exuphretht c sundè-

etai ston pel�th se jÔra pou parèqetai apì ton pel�th. Sthn pajhtik  kat�stash

(passive mode), o pel�thc sundèetai ston exuphretht  se jÔra pou parèqetai apì

ton exuphretht .

Ta basik� stoiqeÐa thc an�lushc apotelesm�twn eÐnai:

• O qrìnoc tou mhnÔmatoc

• H leitourgÐa, eÐte PUT eÐte GET

• To ìnoma to arqeÐou pou ja metaferjeÐ   ja paraleifjeÐ

• H rujmoapìdosh, ìpou sthn perÐptwsh pou h dokim  eÐnai se exèlixh, h tim 

aut  anaparist� thn stigmiaÐa rujmoapìdosh upologismènh wc to pl joc twn

bits pou metafèrjhkan ston antÐstoiqo qrìno.

• To ìnoma   h IR dieÔjunsh tou exuphretht 

• To sÔnolo twn bytes pou metafèrjhkan

• H kat�stash: “se exèlixh”, “epituq c”, “mh epituq c”.

5.5.8 Dokim  Met�doshc Ro c BÐnteo (Video Streaming).

H ro  (streaming) anafèretai sthn dunatìthta miac efarmog c na anapar�gei sug-

qronismènec polumesikèc roèc (media streams), ìpwc  qou kai bÐnteo, kat� trìpo

suneq , en¸ autèc oi roèc metadÐdontai proc ton pel�th p�nw apì èna dÐktuo dedo-

mènwn. O pel�thc anapar�gei thn eiserqìmenh polumesik  ro  se pragmatikì qrìno
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kaj¸c ta dedomèna lamb�nontai. Tupikèc uphresÐec eÐnai thleoptik� kan�lia zwnta-

n c kai binteoskophmènhc met�doshc plhroforiakoÔ perieqomènou. H met�dosh ro c

bÐnteo eÐqe  dh eisaqjeÐ sta dÐktua 2hc kai 2.5hc geni�c, tupik� qrhsimopoi¸ntac

uphresÐec metagwg c pakètou (packet switched services). Oi tupikèc efarmogèc mpo-

reÐ na kathgoriopoihjoÔn se efarmogèc met�doshc kat� apaÐthsh (On-Demand) kai

zwntan c (live) met�doshc.

Oi antikeimenikèc dokimèc thc uphresÐac apaitoÔn èna exuphretht  (video srtea-

ming server), èna pel�th (video streaming client) kaj¸c kai èna antikeimenikì algì-

rijmo gia thn axiolìghsh poiìthtac bÐnteo. O pel�thc apostèllei èna aÐthma proc ton

exuphretht  mèsw prwtokìllou RTSP   HTTP kai prospajeÐ na egkatastajeÐ mia

sÔndesh ro c (streaming connection). 'Otan egkatastajeÐ h sÔndesh, xekin� h kata-

graf  (capturing) tou perieqomènou bÐnteo kai o pel�thc apojhkeÔei to perieqìmeno

bÐnteo se sklhrì dÐsko wc exerqìmenh akoloujÐa bÐnteo (output video sequence).

H dokim  ja prèpei na antanakl� thn antÐlhyh tou qr sth ìtan qrhsimopoieÐ mia

tètoia uphresÐa. H dokim  streaming apaiteÐ mia sÔndesh dedomènwn, ja egkatast sei

mia ro  kai ja thn diathr sei gia ènan sugkekrimèno qrìno. H ro  ja analujeÐ me b�-

sh thn epituqÐa egkat�stashc kai tautìqrona mia seir� metr sewn deikt¸n poiìthtac

eikìnac ja diex�gontai kat� thn di�rkeia thc dokim c. Oi deÐktec ja prosdiorÐsoun

èna profÐl poiìthtac kat� thn di�rkeia thc uphresÐac. Gia thn pragmatopoÐhsh thc

dokim c qrhsimopoieÐtai èna kinhtì thlèfwno wc suskeu  dial-up. H ro  ekteleÐtai me

logismikì anaparagwg c bÐnteo (video player) se ènan upologist . Kat� ton kajori-

smì thc dokim c, up�rqei pl rh prìsbash sto IR epÐpedo kai se ìlec tic paramètrouc

thc ro c kai twn polumèswn.

5.5.9 Dokim  http   Plo ghshc sto web

H plo ghsh sto kinhtì DiadÐktuo eÐnai h pio dhmofil c uphresÐa. Gia ton skopì autì

h sqetik  dokim  eÐnai shmantik  na ekteleÐtai. jewroÔme ìti oi dokimèc http testing

kai web browsing eÐnai tautìshmec. OrÐzoume epÐshc wc kan�li metafor�c (transport

channel) thn diadrom  apì ton exuphretht  web/http sto kinhtì termatikì. O skopìc

thc dokim c eÐnai h posotikopoÐhsh thc empeirÐac qr sth me antikeimenikì trìpo.

AparaÐthtoc eÐnai ènac fullometrht c (web-browser) gia thn an�kthsh miac isto-

selÐdac (web browsing download). KrÐsimo eÐnai na ekteleÐtai p�nta h leitourgÐa thc

ekkaj�rishc twn proswrin¸n arqeÐwn (temporal files) sthn mn mh (cache) tou ful-

lometrht  prin apì k�je dokim  kai na mhn ekteleÐtai opoiad pote �llh mh-sqetik 

me thn dokim  enèrgeia h opoÐa mporeÐ na projètei kÐnhsh http, dhlad  par�llhlh

plo ghsh se mh sqetizìmenec istoselÐdec. 'Otan oloklhrwjeÐ h an�kthsh miac isto-

selÐdac tìte upologÐzontai o sunolikìc qrìnoc, to mègejoc thc istoselÐdac kai h
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mèsh rujmoapìdosh pou epiteÔqjhke.

H dokim  dÔnatai na ektelesteÐ eÐte se pl rec elegqìmeno perib�llon dhlad  me

statik  istoselÐda anafor�c (reference web page) h opoÐa eÐnai apojhkeumènh se

desmeumèno exuphretht  dokim¸n (test web server) me egguhmèno rujmì sÔndeshc

[100]. Gia thn en lìgw istoselÐda èqoun kajorisjeÐ di�forec par�metroi ìpwc o

tÔpoc, to pl joc kai to mègejoc tou k�je antikeimènou thc istoselÐdac anafor�c (jpg,

gif, html, css, X-javascript, klp). Gia lìgouc mètrhshc thc empeiriac qr sth (User

Experience, UX) gÐnontai dokimèc kai se dhmofileÐc istoselÐdec (p.q. eidhseografik�

portals) ìpou bèbaia den eggu¸ntai oi sunj kec ap' �krh se �krh mètrhsh.

Stic kinhtèc epikoinwnÐec gia thn bèltisth axiopoÐhsh twn radiopìrwn eÐnai sÔnh-

jhc h efarmog  twn epitaqunt¸n (accelerators) sto kan�li metafor�c. H leitourgÐa

twn epitaqunt¸n basÐzetai sthn meÐwsh tou ìgkou thc metaferìmenhc plhroforÐac h

opoÐa mporeÐ na epiteuqjeÐ me duo basikèc mejìdouc: (a) thn qwrÐc ap¸leiec sumpÐesh

(lossles compression) twn dedomènwn, kai (b) me thn meÐwsh tou ìgkou twn dedomè-

nwn mèsw thc exaloif  plhroforÐac (lossy compression). Sthn pr¸th perÐptwsh, h

mèjodoc èqei shmantikì ìfeloc eidik� se dedomèna tÔpou keimènou (p.q. html, js, css)

kai anepaÐsjhto se eikìnec ìpou  dh èqei gÐnei sumpÐesh. AntÐjeta, sthn deÔterh

perÐptwsh parathreÐtai antilhpt  upob�jmish sthn poiìthta eidik� sthn perÐptwsh

polumesikoÔ perieqomènou (eikìnec, bÐnteo,  qoc) kai autì diìti èqei  dh prohghjeÐ

bèltisth sumpÐesh thc plhroforÐac (jpg, mp4, mp3). Sunep¸c, tÐjetai sobarì to

er¸thma an h poiìthta uphresÐac web/http arkeÐ na perigrafeÐ epark¸c apì ton qrì-

no prospèlashc (download time)   ton rujmì met�doshc (download time). 'Etsi, o

sqediasmìc miac istoselÐdac anafor�c gia thn opoÐa ja èqoun lhfjeÐ upìyh ta �nw

jèmata krÐnetai anagkaÐoc.

'Etsi, pèran twn �llwn klassik¸n megej¸n apoteleÐ anagkaiìthta o orismìc enìc

megèjouc pou na lamb�nei upìyh ton par�gonta epit�qunshc (accelerator factor). An

TNACC eÐnai o qrìnoc prospèlashc (download time) se mh epitaqunìmeno kan�li me-

tafor�c kai TACC se epitaqunìmeno antÐstoiqa, tìte orÐzetai o qronikìc par�gontac

epit�qunshc A(t)apì thn sqèsh:

A(t) =
TNACC

TACC

(5.13)

AntÐstoiqa, an SNACC kai SACC eÐnai to mègejoc thc istoselÐdac an� perÐptwsh, tìte

orÐzetai o par�gontac epit�qunshc sqetizìmenoc me to mègejoc A(S):

A(S) =
SNACC

SACC

(5.14)

Oi metr seic pou ja prèpei na diexaqjoÔn eÐnai eÐnai oi ex c:
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• Pl joc antikeimènwn

• Sunolikì mègejoc

• Katanom  tou megèjouc twn antikeimènwn

• SÔnjesh thc istoselÐdac (keÐmeno, eikìnec klp)

• SumpÐesh/beltistopoÐhsh eikìnac

5.5.10 Dokim  apostol c kai l yhc mhnum�twn hle-

ktronikoÔ taqudromeÐou e-mail send/receive

H uphresÐa hlektronikoÔ taqudromeÐou eÐnai mia eurèwc diadedomènh uphresÐa kinhtoÔ

diadiktÔou. BasÐzetai sto prwtìkollo SMTP (Simple Mail Transfer Protocol) [109]

gia thn metafor� twn mhnum�twn hlektronikoÔ taqudromeÐou (e-mail) p�nw apì IP

dÐktua.

Oi sundèseic pou prostateÔontai apì to SSL (Secure Sockets Layer ) eÐnai gnw-

stèc kai apì thn sÔntmhsh SMTPS. En¸ oi exuphrethtèc hlektronikoÔ taqudromeÐou

qrhsimopoioÔn SMTP gia thn apostol  kai l yh mhnum�twn, oi efarmogèc epipèdou

qr sth mìno to SMTP gia thn apostol  mhnum�twn proc ènan exuphretht  gia thn

peraitèrw pro¸jhsh. Gia thn l yh mhnum�twn, oi efarmogèc pel�th sun jwc qrh-

simopoioÔn to prwtìkollo POP3 (Post Office Protocol) [110]   to IMAP (Internet

Message Access Protocol) [111].

Gia thn en lìgw dokimèc (email send/receive) eÐnai dunatìn na kajorisjoÔn kai

sunhmmèna arqeÐa dokim c. Epiplèon, o exuphretht c mhnum�twn (mail server) eÐnai

ston exuphretht  dokim¸n (test server) gia ton opoÐon èqoun kajorisjeÐ kai elègqon-

tai oi sunj kec (sundesimìthta, diajesimìthta, prosbasimìthta).

5.5.11 Dokim  Metafor�c UDP

Mia dokim  pou qrhsimopoieÐtai me skopì ton èlegqo thc qwrhtikìthtac tou diktÔou

ìpwc ja ginìtan an ekteloÔtan met�dosh ro c perieqomènou  qou bÐnteo eÐnai h dokim 

metafor�c UDP (UDP downlink, UDP DL) h opoÐa metr� to eÔroc z¸nhc thc k�tw

zeÔxhc me mia ro  kajorismènwn UDP pakètwn.

Gia thn ektèlesh thc dokim c ja prèpei na kajoristoÔn par�metroi ìpwc to pl joc

twn pakètwn pou ja apostaloÔn apì ton exuphretht , to qronikì di�keno (interval)

tg, to mègejoc tou pakètou sp kai to eÔroc z¸nhc BW . Arqik�, egkajÐstatai mia

sÔndesh TCP me skopì thn rÔjmish tou exuphretht  kai afoÔ epibebaiwjeÐ tìte
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lÔetai. Katìpin, o exuphretht c xekin� thn apostol  np UDP pakètwn proc ton

pel�th me èna upologismèno qronikì di�keno (time gap):

tg =
np × sp
BW

(5.15)

O pel�thc katagr�fei k�je pakèto kai upologÐzei thn mèsh rujmoapìdosh, thn

metabol  thc kajustèrhshc (jitter) kai thn ap¸leia pakètwn gia k�je eÔroc z¸nhc.

'Opwc dÔnatai h Ôparxh kajuster sewn sto dÐktuo   akìma kai ap¸leiec pakètwn,

o pel�thc mporeÐ na perimènei prìsjeto qrìno anamon c (buffer time) met� apì to

teleutaÐo pakèto pou ja prèpei na fj�sei.

Ta stoiqeÐa gia thn an�lush eÐnai:

• To ìnoma   h IR dieÔjunsh tou exuphretht  UDP dokim¸n

• To mègejoc tou k�je pakètou

• To eÔroc z¸nhc pou qrhsimopoieÐtai gia thn apostol  pakètwn

• H rujmoapìdosh (throughput)

throughput =
(pR − 1)× sp

tLastPkt − tFirstPkt

(5.16)

• To pl joc twn pakètwn pou apostal kan

• To pl joc twn pakètwn pou paral fjhkan egkaÐrwc pR

• To jitter to opoÐo upologÐzetai wc to dipl�sio thc tupik c apìklishc tou qrìnou

metaxÔ twn pakètwn.

5.6 'Akurec metr seic

Oi basikèc enèrgeiec pou apaitoÔntai gia thn orj  leitourgÐa tou metrhtikoÔ su-

st matoc èqoun stìqo thn elaqistopoÐhsh aut¸n twn �stoqwn dokim¸n   �kurwn

metr sewn (fake events), toul�qiston apì th meri� sf�lmatoc thc metrhtik c di�-

taxhc. Oi metr seic se mia perioq  pou jewroÔntai �kurec, all� den ephre�zoun

shmantik� ta apotelèsmata metr sewn, ja afairoÔntai apì ta arqeÐa kata. graf c

kat� th statistik  epexergasÐa twn apo. telesm�twn. ToÔto isqÔei ìtan èqoun eph-

reasteÐ se posostì mikrìtero   Ðso tou 5% twn kl sewn (an� diadrom ) tou k�je

diktÔou sthn upì mètrhsh perioq . Sth sunèqeia dÐnontai ta mhnÔmata shmatodosÐac

pou jewroÔntai ikan� ¸ste h sugkekrimènh mètrhsh na qarakthristeÐ �kurh:
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• ApotuqÐa stajeroÔ termatikoÔ exoplismoÔ (kaloÔmenou arijmoÔ − B-party)  

bl�bh sto dÐktuo tou parìqou stajer c thlefwnÐac pou exuphreteÐ to kaloÔ-

meno arijmì. Tupik  L3 shmatodosÐa pou upodhl¸nei astoqÐa B-party eÐnai

kl seic pou ft�noun èwc to “Alerting state” qwrÐc prìodo, L3 m numa “DL

CC Alerting” all� den lamb�netai “DL CC Connect”, �ra to kinhtì den mpo-

reÐ na epibebai¸sei thn kl sh kai apostèllei “UL CC Connect Acknowledge”

m numa.

• Kl seic kat� th di�rkeia egkat�stashc twn opoÐwn el fjh sÔntomo graptì

m numa (not expected signalling). Kl seic me l yh SMS kat� th di�rkeia tou

call setup.

• Kl seic me “UL Disconnect” m numa prin thn olokl rwsh thc anamenìmenhc

di�rkeiac kl shc (90sec).

• Kl seic qwrÐc “UL channel request” (GSM)   “UL RRC connection request”

(UMTS).

• Se perioqèc apodekt c k�luyhc, Ôparxh gia toul�qiston 120 deuterìlepta (e-

phre�zontai 2 suneqìmenec kl seic) probl matoc (UE or s/w “stuck”, nothing

decoded, nothing logged).

5.7 SÔnoyh KefalaÐou

Sto parìn Kef�laio melet jhkan oi diat�xeic peiramatikoÔ exoplismoÔ me skopì

thn axiolìghsh epÐdoshc epÐgeiwn susthm�twn kinht¸n epikoinwni¸n (GSM, UMTS,

HSPA, LTE).

Up�rqoun duo shmantik� jèmata ìso afor� metrhtikì exoplismì: a) h eÔkolh,

gr gorh all� sun�ma axiìpisth bajmonìmhsh twn epimèrouc mer¸n tou exoplismoÔ,

kai b) o kajorismìc mejodologÐac kai senarÐwn metr sewn kat� perÐptwsh.

Se pollèc eurwpaðkèc q¸rec plèon eÐnai upoqrewtik  h sugkritik  axiolìghsh

twn deikt¸n poiìthtac gia tic pareqìmenec uphresÐwn apì ta dhmìsia dÐktua kinht¸n

epikoinwni¸n kai h dhmosiopoÐhsh twn teqnik¸n anafor¸n twn apotelesm�twn sto

diadÐktuo [112, 113]. Sthn Ell�da, h Ejnik  Epitroph Thlepikoinwni¸n kai Taqudro-

meÐwn me sqetikèc apof�seic èqei kajorÐsei touc deÐktec poiìthtac twn pareqìmenwn

proc to koinì uphresi¸n kinht¸n epikoinwni¸n kai èqei prosdiorÐsei to perieqìmeno

kai th morf  twn proc dhmosÐeush plhrofori¸n kaj¸c kai tou trìpou kai qrìnou dh-

mosÐeus c touc apì touc parìqouc uphresi¸n hlektronik¸n epikoinwni¸n [114, 115].
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Sta plaÐsia thc kÔriac èreunac èginan oi dhmosieÔseic se diejnèc periodikì [116]

kai sunèdria [117]. Anafèrontai epÐshc mÐa dhmosÐeush sth ereunhtik  dr�sh COST

2100 [118], duo dhmosieÔseic se panell nia sunèdria [119, 120] kai mÐa anakoÐnwsh se

episthmonik  hmerÐda [121].

�
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(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.12: Katanomèc (a') PDF kai (b') CDF tou megèjouc RxLev sto sÔsthma GSM
900 MHz gia 6 kinht� thlèfwna metr sewn.

118 Qar�lampoc N. P tac - Didaktorik  Diatrib 



Kef�laio 5. Metr seic QarakthrismoÔ kai Sugkritik c Axiolìghshc Poiìthtac

(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.13: Katanomèc (a') PDF kai (b') CDF tou megèjouc RxLev sto sÔsthma DCS
900 MHz gia 6 kinht� thlèfwna metr sewn.
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(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.14: Katanomèc (a') PDF kai (b') CDF tou megèjouc CPICH-RSCP sto sÔsthma
UMTS 2100 MHz gia 6 kinht� thlèfwna metr sewn.
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(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.15: Katanomèc (a') PDF kai (b') CDF tou megèjouc RxLev sthn teqnologÐa
GPRS, GSM 900/1800 MHz gia 3 HSPA+ Modems metr sewn.
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(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.16: Katanomèc (a') PDF kai (b') CDF tou megèjouc CPICH RSCP sto sÔsthma
UMTS 2100 MHz gia 3 HSPA+ Modems metr sewn.
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(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.17: Katanomèc (a') PDF kai (b') CDF tou megèjouc PESQ-LQ sto sÔsthma
GSM 900 MHz gia 6 thlèfwna metr sewn.
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(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.18: Katanomèc (a') PDF kai (b') CDF tou megèjouc PESQ-LQ sto sÔsthma
DCS 1800 MHz gia 6 thlèfwna metr sewn.
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(αʹ) Κατανομή PDF.

(βʹ) Κατανομή CDF.

Sq ma 5.19: Katanomèc (a') PDF kai (b') CDF tou megèjouc PESQ-LQ sto sÔsthma
UMTS 2100 MHz gia 6 thlèfwna metr sewn.
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(αʹ) Ιστοσελίδα αναϕοράς Copernicus.

(βʹ) Ιστοσελίδα αναϕοράς Kepler.

Sq ma 5.20: IstoselÐdec anafor�c (a') Copernicus kai (b') Kepler ìpwc proteÐnontai apì
thn Om�da ErgasÐac ETSI STQ Mobile gia thn dokim  http.
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Statistik� kai Upologistik� Montèla Prìble-

yhc Poiìthtac se SÔgqrona Euruzwnik� DÐktua

Kinht¸n Epikoinwni¸n
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Kef�laio 6

Montèla Statistik c EktÐmhshc

me Mejìdouc BeltistopoÐhshc

H ektÐmhsh   prìbleyh thc poiìthtac empeirÐac qr sth QoE (  ESQoS) apì thn poiì-

thta uphresÐac diktÔou   sust matoc QoS (  SQoS) apoteleÐ èna apì ta sÔgqrona

jèmata èreunac (state of the art) thc perioq c twn thlepikoinwniak¸n diktÔwn. Oi en

lìgw èreunec èqoun epikentrwjeÐ kurÐwc ston kajorismì sqèsewn metaxÔ QoE-QoS

¸ste na gÐnetai ektÐmhsh thc poiìthtac fwn c, bÐnteo kai en gènei uphresi¸n diadiktÔ-

ou sun jwc me statistikèc mejìdouc kai kÔria me efarmog  mejìdwn palindrìmhshc

[122, 123, 124, 125, 126, 127, 128].

6.1 Mèjodoi Palindrìmhshc

H palindrìmhsh qrhsimopoieÐtai gia na apeikonisteÐ mia stoiqei¸dhc mètrhsh se mia

pragmatik  metablht  prìbleyhc [129]. Sthn pragmatikìthta, h palindrìmhsh pe-

rilamb�nei thn ekm�jhsh thc sun�rthshc pou k�nei aut  thn apeikìnish [130]. H

palindrìmhsh proôpojètei ìti oi sqetikoÐ par�metroi tairi�zoun me merik� gnwst�

eÐdh sun�rthshc (p.q. grammik , logarijmik  klp.) kai met� kajorÐzei thn kalÔterh

sun�rthsh autoÔ tou eÐdouc pou montelopoieÐ tic metr seic pou èqoun dojeÐ. Qrh-

simopoieÐtai èna eÐdoc an�lushc sf�lmatoc gia na kajorÐsei poia sun�rthsh eÐnai h

kalÔterh [131, 132]. DiakrÐnontai, se grammikèc kai mh-grammikèc teqnikèc.

6.1.1 Grammik  Palindrìmhsh (Linear Regression)

An jewr soume ìti diajètoume metr seic gia mia apl  metablht  y(k) kai N oi me-

tablhtèc prìbleyhc xi(k) i=1,2,...,N gia ta stigmiìtupa k=1,2,...,K . Oi par�metroi

ϑi, i=1,2,...,N tou montèlou palindrìmhshc
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y(k) = ϑ0 +
N∑
i=1

ϑixi(k) + e(k) (6.1)

mporoÔn na ektimhjoÔn elaqistopoi¸ntac to sf�lma e(k) = y(k) − ŷ(k) metaxÔ twn

metr sewn y(k) kai twn problèyewn ŷ(k) = ϑ0 +
∑N

i=1 ϑixi(k).

To grammikì montèlo palindrìmhshc mporeÐ na parastajeÐ sthn fìrma Y = Xθ+

E ìpou Y = [y(1) y(1) ... y(K)]T , E = [e(1) e(2) ... e(K)]T kai

X =


1 x1(1) x2(1) · · · xN(1)

1 x1(2) x2(2) · · · xN(2)
...

...
...

. . .
...

1 x1(K) x2(K) · · · xN(K)

 (6.2)

Mia amerìlhpth ektÐmhsh tou θ̂ gia thn dianusmatik  par�metro θ = [θ(1) θ(2) ... θ(N)]T

mporeÐ na exaqjeÐ elaqistopoi¸ntac to �jroisma tou tetragwnikoÔ sf�lmatoc ETE

metaxÔ twn pragmatik¸n metr sewn kai thc prìbleyhc dedomènou montèlou, odhgeÐ

sto

θ̂ = (XTX)−1XTY (6.3)

H axiolìghsh tou montèlou gÐnetai apì ton k�twji suntelest  Pearson

R2 = 1−
∑K

k=1[y(k)− ŷ(k)]2∑K
k=1[y(k)− ȳ(k)]2

(6.4)

ìpou ȳ dhl¸nei thn mèsh twn metr sewn y(k), k = 1, 2, ..., K. An R2 lamb�nei timèc

kont� sto 1, oi metr seic deÐqnoun ìti èqoun isqur  grammikìthta en¸ ìtan oi timèc

tou R2 eÐnai pio kont� sto 0 tìte up�rqei mh grammikìthta metaxÔ twn metablht¸n.

6.1.2 Mh grammik  palindrìmhsh

Sthn perÐptwsh kataskeu c enìc montèlou prìbleyhc to opoÐo eÐnai mh grammikì

stic paramètrouc tou, qrhsimopoieÐtai eurèwc h mh grammik  palindrìmhsh (NLR,

Non Linear Regression) [133].

O skopìc eÐnai na brejeÐ mia ektÐmhsh Θ∗ tou Θ h opoÐa na elaqistopoieÐ thn

antikeimenik  sun�rthsh F (Θ) = R′WR, ìpou R′ = (R1, R2, . . . , Rn), Ri = yi−fi,
fi = f(xi,Θ

∗) gia i = 1, 2, . . . , n kai W = Diag(W1, W2, . . . ,Wn) ìpou n to

pl joc twn metr sewn. Sthn mètrhsh i, yi eÐnai h tim  tou metroÔmenou megèjouc

(exarthmènh metablht ), xi eÐnai to di�nusma twn anex�rthtwn metablht¸n, Wi eÐnai

h sun�rthsh b�rouc h opoÐa mporeÐ na eÐnai sun�rthsh tou Θ.

H klÐsh thc sun�rthshc F epÐ tou Θ kajorÐzetai wc ∇F = 2J ′
.jWR, ìpou J ′

.j
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Τύπος Παλινδρόμηση

Γραμμικό
DL: ψ = 0.008x+ 4.275
UL: ψ = 0.007x+ 4.255

Πολυωνυμικό
DL: ψ = −4 · 10−4x2 − 0.043x+ 2.595
UL: ψ = −3 · 10−4x2 − 0.039x+ 2.742

Δυναμικό
DL: ψ = 7.046|x|−0.151

UL: ψ = 6.674|x|−0.136

Εκθετικό
DL: ψ = 4.389 exp0.002x

UL: ψ = 4.354 exp0.002x

Λογαριθμικό
DL: ψ = −0.489 ln |x|+ 5.810
UL: ψ = −0.445 ln |x|+ 5.649

PÐnakac 6.1: Palindrom seic tou ESQoSvoice (se obj. MOS) wc proc SQoSGSM (RxLev
se dBm) sthn perÐptwsh GSM thlefwnÐac.

eÐnai h j-  st lh tou n× p IakwbianoÔ pÐnaka J tou opoÐou to (i, j) stoiqeÐo orÐzetai

wc:

Ji,j =
Ri

2Wi

· ∂Wi

∂Θj

− ∂fi
∂Θj

(6.5)

Gia thn arijmhtik  epÐlush thc mh antikeimenik c sun�rthshc F qrhsimopoieÐtai o

algìrijmoc tou Levenberg-Marquardt.

6.1.3 Montèla prìbleyhc poiìthtac thlefwnÐac

Dedomènwn twn metr sewn pou sullèqjhkan apì thn kamp�nia metr sewn, dhmiour-

g jhkan montèla palindrìmhshc gia thn ektÐmhsh poiìthtac thlefwnÐac. Oi tÔpoi

twn montèlwn pou proteÐnontai eÐnai to grammikì, to poluwnumikì, to dunamikì, to

ekjetikì kai to logarijmikì.

Analutik�, oi exis¸seic twn montèlwn gia thn perÐptwsh thc GSM thlefwnÐac

sugkentr¸nontai ston PÐnaka 6.1. AntÐstoiqa, gia thn perÐptwsh melèthc thc UMTS

thlefwnÐac oi exis¸seic twn montèlwn parousi�zontai ston PÐnaka 6.2. Tèloc, h

poiìthta fwn c sthn perÐptwsh thc binteothlefwnÐac ektim�tai apì tic sqetikèc exi-

s¸seic twn montèlwn tou PÐnaka 6.3.

Oi palindrom seic tou ESQoSvoice (se obj. MOS) wc proc SQoSGSM (RxLev

se dBm) sthn perÐptwsh GSM thlefwnÐac apeikonÐzontai sto Sq ma 6.1. Eidik 

mèrimna dìjhke sthn prìtash montèlwn gia k�je tim  RxQual, eidik� gia ta eÔrh tim¸n

{0, 1}, {1, 2}, {2, 3}, {3, 4}, {4, 5}, {5, 6} kai {6, 7} ìpwc apeikonÐzetai sta graf mata

tou Sq matoc 6.1.3. Lamb�nontac upìyh ton tÔpo tou kwdikopoiht , EFR, AMR

FR kai AMR HR, ta montèla prosarmìsthkan antÐstoiqa kai apeikonÐzontai sto

Sq ma 6.1.3.

OmoÐwc, gia thn perÐptwsh thc UMTS thlefwnÐac, ta kampÔlec twn palindrom se-
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Τύπος Παλινδρόμηση

Γραμμικό
DL: ψ = 0.033x+ 4.030
UL: ψ = 0.035x+ 4.059

Πολυωνυμικό
DL: ψ = −5.7 · 10−3x2 − 0.045x+ 3.786
UL: ψ = −2.1 · 10−3x2 + 0.008x+ 3.976

Δυναμικό
DL: ψ = 4.172|x|−0.05

UL: ψ = 4.364|x|−0.077

Εκθετικό
DL: ψ = 4.046 exp0.01x

UL: ψ = 4.137 exp0.014x

Λογαριθμικό
DL: ψ = −0.173 ln |x|+ 4.138
UL: ψ = −0, 202 ln |x|+ 4.201

PÐnakac 6.2: Palindrom seic tou ESQoSvoice (se obj. MOS) wc proc SQoSUMTS (Ec/I0
se dB) sthn perÐptwsh UMTS thlefwnÐac.

Τύπος Παλινδρόμηση

Γραμμικό
DL: ψ = 0.103x+ 4.350
UL: ψ = 0.038x+ 3.897

Πολυωνυμικό
DL: ψ = 1.5 · 10−3x2 + 0, 123x+ 4.412
UL: ψ = 3.5 · 10−3x2 + 0.008x+ 3.976

Δυναμικό
DL: ψ = 5.112|x|−0.181

UL: ψ = 4.119|x|−0.072

Εκθετικό
DL: ψ = 4.407 exp0.029x

UL: ψ = 3.882 exp0.011x

Λογαριθμικό
DL: ψ = −0.648 ln |x|+ 4.8812
UL: ψ = −0, 235 ln |x|+ 4.085

PÐnakac 6.3: Palindrom seic tou ESQoSvoice (se obj. MOS) wc proc SQoSUMTS (Ec/I0
se dB) sthn perÐptwsh UMTS binteothlefwnÐac.

wnc tou ESQoSvoice (se obj. MOS) wc proc SQoSUMTS (Ec/I0 se dB) apeikonÐzontai

sto Sq ma 6.4 tìso gia thn �nw ìso kai gia thn k�tw zeÔxh.

6.1.4 Montèla prìbleyhc poiìthtac bÐnteo kai polumè-

swn

IdiaÐterou endiafèrontoc melèth apotèlese h exagwg  montèlwn palindrìmhshc gia

thn perÐptwsh thc UMTS binteothlefwnÐac. Sto Sq ma 6.5 sugkentr¸nontai oi

kampÔlec twn palindrom seic twn ESQoSvoice, ESQoSvideo kai ESQoSmm (se timèc

obj. MOS) wc proc SQoSUMTS (Ec/I0 se dB).

H mèjodoc thc palindrìmhshc mporeÐ na efarmosteÐ kai gia duo anex�rthtec met-

blhtèc RSCP kai Ec/I0, me thn sun�rthsh pou perigr�fetai sthn ExÐswsh (6.6).

'Etsi gia thn exarthmènh metablht  PSNR pou perigr�fei poiìthta bÐnteo kai upo-

logÐsthkan oi timèc twn paramètrwn (ω1, ω2, ω3, ω4) pou parousi�zontai ston PÐna-

ka 6.4. Sto Sq ma 6.6 apeikonÐzetai h epif�neia tou montèlou prìbleyhc PSNR wc

proc tic radioparamètrouc diktÔou RSCP kai Ec/I0.
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Sq ma 6.1: Palindrom seic tou ESQoSvoice (se obj. MOS) wc proc SQoSGSM (RxLev se
dBm) sthn perÐptwsh GSM thlefwnÐac.

PSNRprediction(RSCP,Ec/I0) = ω1 · eω2·|RSCP | + ω3 · eω4·|Ec/I0| (6.6)

PÐnakac 6.4: Polumetablhtì montèlo mh grammik c palindrìmhshc gia thn prìbleyh
poiìthtac se se kinht� dÐktua UMTS 2100MHz.

Poiìthta bÐnteo (PSNR) ω1 ω2 ω3 ω4

Par�metroi montèlou prìbleyhc 21.078 -0.001 9.796 0.007
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Sq ma 6.2: Palindrom seic (regressions) thc poiìthtac fwn c ESQoSvoice (se timèc obj.
MOS) wc proc thn poiìthta radiok�luyhc SQoSGSM (RxLev se dBm) gia k�je perÐptwsh
(RxQual).
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Sq ma 6.3: Palindrom seic (regressions) thc poiìthtac fwn c ESQoSvoice (se timèc obj.
MOS) wc proc thn poiìthta radiok�luyhc SQoSGSM (RxLev se dBm) gia k�je perÐptwsh
kwdikopoiht  fwn c (codec).
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Sq ma 6.4: Palindrom seic tou ESQoSvoice (se obj. MOS) wc proc SQoSUMTS (Ec/I0
se dB) sthn perÐptwsh UMTS thlefwnÐac.
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Sq ma 6.5: Palindrom seic twn ESQoSvoice, ESQoSvideo kai ESQoSmm (se timèc obj.
MOS) wc proc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.
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Sq ma 6.6: Prìbleyh thc poiìthtac bÐnteo, deÐkthc PSNR, wc proc tic paramètrouc
poiìthtac radiodiktÔou UMTS 2100 MHz.
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6.2 EÔrwsth BeltistopoÐhsh se Mh Grammik 

Palindromhsh

EÐnai gnwstì ìti ta dedomèna metr sewn diajètoun abebaiìthta - dhlad  den eÐnai

gnwst� me akrÐbeia. Ta l�jh ektim shc / metr sewn proèrqontai apì thn adunamÐa

na metrhjoÔn / ektimhjoÔn me akrÐbeia oi deÐktec pou anaparastoÔn qarakthristik�

ìpwc h poiìthta diktÔou. 'Etsi an SQoS∗ eÐnai h akrib c tim  miac paramètrou, tìte

h metroÔmenh tim  tou megèjouc eÐnai SQoS∗ 7→ (1 + ε)SQoS∗. Se prìblhma belti-

stopoÐhshc den mporeÐ na paralhfjeÐ h pijanìthta ìti akìma kai mikr  abebaiìthta

sta dedomèna tou probl matoc, autì mporeÐ na odhg sei se shmantik  apìklish tou

montèlou prìbleyhc apo praktik c pleur�c. Sunep¸c, up�rqei mia pragmatik  an�g-

kh gia mia mejodologÐa ikan  na aniqneÔsei tic peript¸seic ekeÐnec pou h abebaiìthta

twn dedomènwn mporeÐ na dhmiourgeÐ shmantikèc epipt¸seic sthn eÔresh miac eÔrwsthc

lÔshc, h opoÐa ja eÐnai sjenar  sthn abebaiìthta twn dedomènwn / metr sewn.

H sjenar    alexijìrubh1 beltistopoÐhsh (robust optimization) [134, 135] qrhsi-

mopoieÐtai ìlo kai perissìtero sth majhmatik  beltistopoÐhsh wc ènac apotelesma-

tikìc trìpoc gia na emboli�sei lÔseic me ta stoiqeÐa abebaiìthtac (uncertainty). An

h pragmatik  tim  twn dedomènwn enìc probl matoc den isoÔtai me thn onomastik 

tou tim , h bèltisth lÔsh upologÐzetai qrhsimopoi¸ntac h onomastik  tim  h opoÐa

mporeÐ na mhn eÐnai h bèltisth   akìmh kai efikt  gia thn pragmatik  tim . H alexijì-

rubh beltistopoÐhsh jewreÐ sÔnola abebaiìthtac gia ta dedomèna enìc probl matoc

kai kajorÐzei lÔseic pou èqoun anosÐa se abebaiìthta. Se probl mata grammik c

beltistopoÐhshc, èqoun lhfjeÐ upìyh di�foroi tÔpoi sÔnolwn abebaiìthtac, ìpwc

box-type [136] kai elleiyoeideÐc. Se probl mata grammik c kaj¸c kai mikt c akèraiac

beltistopoÐhshc (mixed integer optimization), eÔrwsta antÐstoiqa me ta sÔnola pro-

ôpologismènhc abebaiìthtac ta opoÐa sundèoun tic abebaiìthtec pou anaptÔqjhkan

apì touc suntelestèc twn periorism¸n èqoun epilujeÐ apotelesmatik� [137]. To pa-

r�deigma thc eÔrwsthc beltistopoÐhshc èqei efarmosteÐ epituqhmèna se probl mata

palindrìmhshc kai kathgoriopoÐhshc gia thn antimet¸pish thc abebaiìthtac se sta-

tistik� dedomèna kai èqei sundejeÐ me kanonikopoihmèna montèla palindrìmhshc.

H eÔrwsth beltistopoÐhsh èqei bajeÐec rÐzec sthn istorÐa twn episthm¸n kai

prot�jhkan pollèc proseggÐseic me diaforetikèc idèec. H eurwstÐa   sjenarìthta

èqoun anaferjeÐ stic ex c peript¸seic:

Robust Control O eÔrwstoc   sjenarìc èlegqoc prot�jhke thn dekaetÐa tou '90

1Το πρόθεμα αλεξι- ή αλεξ- χρησιμοποιείται σε λόγιες εκϕράσεις ως πρώτο συνθετικό και ση-
μαίνει απώθηση/απομάκρυνση αυτού που δηλώνεται με το δεύτερο συνθετικό. ΄Ετσι αλεξιθόρυβος
σημαίνει αυτός που προστατεύει από τον θόρυβο. Η απόδοση του όρου “Robust Optimization” σε
“Αλεξιθόρυβη Βελτιστοποίηση” προτείνεται από τον Δρ. Α.Γ. Φέρτη.
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apì sqediastèc susthm�twn elègqou gia na egguhjoÔn thn eust�jia (stability)

enìc upì èlegqo sust matoc. To jèma thc eurwstÐac mporeÐ istorik� na ani-

qneujeÐ stic arqèc tou '30 apì ton Bode gia to perieqìmeno twn enisqut¸n

an�drashc. Erwt mata ìpwc perij¸rio eust�jeiac to opoÐo eÐnai to mègejoc

tou kèrdouc an�drashc to opoÐo apaiteÐtai gia thn apostajeropoÐhsh enìc upì

elegqo sust matoc, od ghse sthn melèth apì pleur�c qeÐrisths-perÐptwshc.

H pio gnwst  mèjodoc eÐnai h teqnik  H∞ ìpou elaqistopoieÐ thn euaisjhsÐa

enìc sust matoc sto pedÐo thc suqnìthtac, kai autì eggu�tai ìti to sÔsthma

den ja apoklÐnei shmantik� apì tic ektim¸menec kampÔlec ìtan sto sÔsthma ja

eisèljou anwmalÐec.

Robust Statistics Sthn Statistik , h eurwstÐa sun jwc anafèretai sth mh euai-

sjhsÐa stic apomakrusmènec timèc. Ed¸ proteÐnetai ènac trìpoc qeirismoÔ twn

apomakrusmènwn tim¸n me mia prosarmog  twn sunart sewn apwlei¸n. H akri-

b c sÔndesh thc eÔrwsthc beltistopoÐhshc eÐnaÐ èna energì ereunhtikì pedÐo.

Machine Learning Sthn mhqanik  m�jhsh, èna nèo pedÐo èreunac eÐnai oi Mhqanèc

Dianusm�twn Upost rixhc (Support Vector Machines, SVM). Ta SVMs eÐnai

algìrijmoi kathgoriopoÐhshc oi opoÐoi mporoÔn na ermhneutoÔn megistopoihmènh

eurwstÐa gia èna sugkekrimèno eÐdoc abebaiìthtac [138].

Robust Linear and Convex Optimization H eÔrwsth grammik  kai kurt  bel-

tistopoÐhsh eÐnai èna nèo pedÐo èreunac.

To par�deigma thc eÔrwsthc beltistopoÐhshc èqei efarmosteÐ me epituqÐa se pro-

bl mata palindrìmhshc kai taxinìmhshc gia na asqolhjeÐ me thn abebaiìthta twn

statistik¸n dedomènwn kai èqei sundejeÐ me kanonikopoihmèna montèla palindrìmh-

shc [139].

ProteÐnoume mia strathgik  prìbleyhc poiìthtac polumesik¸n uphresi¸n me ale-

xijìrubh beltistopoÐhsh h opoÐa basÐzetai se kamp�nia metr sewn E2E poiìthtac me

ìqhma (drive-test) se pragmatik� emporik� dÐktua kinht¸n epikoinwni¸n UMTS/3G

me ton exoplismì SwissQual Diversity Benchmarker [101] kai apeikonÐzetai sto Sq -

ma 6.7.

Gia thn statistik  ektÐmhsh thc paramètrou ESQoS apì thn par�metro SQoS,

isodÔnama ESQoS(SQoS), mporeÐ na qrhsimopoihjeÐ h mèjodoc thc mh grammik c

palindrìmhshc upì thn genik  morf :

f(ESQoS) = βg(SQoS) + ε,
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Sq ma 6.7: EktÐmhsh thc poiìthtac polumèswn me alexijìrubh beltistopoÐhsh se èna
pragmatikì dÐktuo kinht¸n epikoinwni¸n. H stathgik  prìbleyhc basÐzetai se kamp�nia
metr sewn E2E poiìthtac enìc pragmatikoÔ polumesikoÔ 3G/UMTS diktÔou

gia tic sunart seic f , g: (0,+∞) 7→ R oi opoÐec eÐnai austhr� aÔxousec. Ka-

jorÐzontac tic sunart seic f kai g, parousi�zoume tèsseric tÔpouc palindrìmhshc

ìpwc parousi�zontai ston PÐnaka 6.5. Sugkekrimèna, gia f(ESQoS) = ESQoS, kai

g(SQoS) = SQoS, lamb�noume to grammikì montèlo. Gia f(ESQoS) = ESQoS,

kai g(SQoS) = ln(SQoS), lamb�noume to logarijmikì montèlo. Gia f(ESQoS) =

ln(ESQoS), kai g(SQoS) = SQoS, lamb�noume to ekjetikì montèlo. Telik�, gia

f(ESQos) = ln(ESQoS), kai g(SQoS) = ln(SQoS), lamb�noume to dunamikì montè-

lo. 'Ola ta montèla twn upì diereÔnhsh ESQoS-SQoS sunoyÐzontai ston PÐnaka 6.5.

PÐnakac 6.5: Sqèseic ESQoS-SQoS upì diereÔnhsh.

TÔpoc montèlou Sunart seic f Sunart seic g

Grammikì f(ESQoS) = ESQoS g(SQoS) = SQoS
Dunamikì f(ESQoS) = ln(ESQoS) g(SQoS) = ln(SQoS)
Ekjetikì f(ESQoS) = ln(ESQoS) g(SQoS) = SQoS
Logarijmikì f(ESQoS) = ESQoS g(SQoS) = log(SQoS)

'Ena shmantikì mègejoc melèthc eÐnai ta diaforik� ∂ESQoS, gia thn upob�jmish

thc poiìthtac empeirÐac, kai ∂SQoS, gia thn upob�jmish thc poiìthtac sust ma-

toc/diktÔou. H klÐsh ∂ESQoS/∂SQoS apoteleÐ èna shmantikì ergaleÐo gia thn

An�lush EuaisjhsÐac (Sensitivity Analysis) [140, 141]. Ston PÐnaka 6.6 parousi�-

zontai oi sunart seic thc klÐshc   tou rujmoÔ metabol c ESQoS wc proc to SQoS
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apeikonÐzontac thn ex�rthsh metaxÔ twn shmantik¸n paramètrwn epÐdoshc (KPIs)

uphresÐac/empeirÐac kinhtoÔ qr sth (service / mUX) kai diktÔou/sust matoc.

PÐnakac 6.6: Sqèseic ESQoS-SQoS upì diereÔnhsh.

TÔpoc montèlou ESQoS-SQoS Sqèseic Merikèc diaforikèc exis¸seic

Grammikì ESQoS ∝ SQoS ∂ESQoS
∂SQoS

∝ β

Dunamikì ln(ESQoS) ∝ ln(SQoS) ∂ESQoS
∂SQoS

∝ ESQoS
SQoS

Ekjetikì ln(ESQoS) ∝ SQoS ∂ESQoS
∂SQoS

∝ ESQoS

Logarijmikì ESQoS ∝ log(SQoS) ∂ESQoS
∂SQoS

∝ 1
SQoS

Oi ektim triec twn β kai ε mporoÔn na upologistoÔn apeujeÐac apì mh-grammik 

palindrìmhsh dÐnontac sqedìn ta Ðdia apotelèsmata. Dedomènou enìc sunìlou metr -

sewn {ESQoSi, SQoSi}ni=1 oi ektim triec eÐnai h bèltisth lÔsh sto k�twji prìblhma

elaqistopoÐhshc

min
β,ε

n∑
i=1

[f(ESQoSi)− (β · g(SQoSi) + ε)]2. (6.7)

Lìgw tou gegonìtoc ìti ta peiramatik� dedomèna pou qrhsimopoioÔntai èqoun pe-

riorismènh akrÐbeia, proteÐnoume na efarmìsoume thn prosèggish thc alexijìrubhc

beltistopoÐhshc. JewroÔme ìti ta dedomèna SQoSi perièqoun l�jh kai ìti oi prag-

matikèc timèc diakumaÐnontai se èna di�sthma ρ-megèjouc me kèntro to SQoSi, ρ ≥
0. Oi eÔrwstec ektim triec eÐnai h bèltisth lÔsh sto min−max prìblhma [142] thc

ExÐswshc (6.8).

min
β,ε

max
∀i: |xi−SQoSi|≤ρ

n∑
i=1

[f(ESQoSi)− (β · g(xi) + ε)]2. (6.8)

Dedomènou ìti h sun�rthsh g eÐnai apìluta aÔxousa, o periorismìc

∀i : |xi − SQoSi| ≤ ρ

⇔ SQoSi − ρ ≤ xi ≤ SQoSi + ρ

eÐnai isodÔnamoc me

∀i : g(SQoSi − ρ) ≤ g(xi) ≤ g(SQoSi + ρ).
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OrÐzoume:

ρ̃ := max
i

max(g(SQoSi + ρ)− g(SQoSi), g(SQoSi)− g(SQoSi − ρ)),

kai jewroÔme ton pio sunthrhtikì periorismì:

∀i : g(SQoSi)− ρ̃ ≤ g(xi) ≤ g(SQoSi) + ρ̃

⇔ ∀i : |g(xi)− g(SQoSi)| ≤ ρ̃.

ProseggÐzoume to Prìblhma (6.8) qrhsimopoi¸ntac ènan pio sunthrhtikì perio-

rismì, dhlad  epilÔoume

min
β,ε

max
∀i: |g(xi)−g(SQoSi)|≤ρ̃

n∑
i=1

[f(ESQoSi)− (β · g(xi) + ε)]2.

Oi periorismoÐ tou eswterikoÔ probl matoc megistopoÐhshc mporoÔn na ekfrastoÔn

wc ∥z−z0∥∞ ≤ ρ, ìpou ∥ · ∥∞ h nìrma tou apeÐrou kai z, z0 eÐnai ta dÐanÔsmata pou

perièqoun ta g(xi), g(SQoSi), antÐstoiqa. 'Etsi, to prìblhma

min
β,ε

max
∀i: ∥z−z0∥∞≤ρ̃

n∑
i=1

[f(ESQoSi)− (β · zi + ε)]2

eÐnai isodÔnamo [143] me to

min
β,ε

n∑
i=1

[f(ESQoSi)− (β · g(SQoSi) + ε)]2 + ρ|β|, (6.9)

to opoÐo eÐnai to Least Absolute Shrinkage and Selection Operator (Lasso) [144, 143].

Qrhsimopoi¸ntac to logismikì pakèto SeDuMi, upologÐsame tic alexijìrubec ektim -

triec twn β kai ε gia tic di�forec timèc tou megèjouc ρ tou sunìlou thc abebaiìthtac.

To SeDuMi, to opoÐo anaptÔqjhke apì ton Sturm [145], ulopoieÐ thn mèjodo Self-

Dual Embedding Technique for Optimization over Self-Dual Homogeneous Cones kai

epilÔei probl mata beltistopoÐhshc me grammikoÔc, tetr�gwnouc kai hmiorismènouc

periorismoÔc. Mia prìsfath parousÐash mporeÐ tou pakètou SeDuMi mporeÐ na dia-

b�sei kaneÐc ed¸ [146].

Stic sullogèc grafhm�twn pou akoloujoÔn, parousi�zontai oi palindrom seic

twn ESQoSvoice (se obj. MOS) wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn

perÐptwsh UMTS binteothlefwnÐac. Analutik�, apeikonÐzontaitai sto Sq ma 6.8 ta

142 Qar�lampoc N. P tac - Didaktorik  Diatrib 



Kef�laio 6. Montèla Statistik c EktÐmhshc me Mejìdouc BeltistopoÐhshc

−16 −14 −12 −10 −8 −6
2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

SQoS [E
c
/I

0
 (dB)]

E
S

Q
oS

vo
ic

e

Linear Model

 

 

ρ=0
ρ=1
ρ=2
ρ=3

(αʹ)

0 0.5 1 1.5 2 2.5 3 3.5 4
−0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

ρ

β,
ε

β,ε parameters

 

 

β
ε

(βʹ)

Sq ma 6.8: EÔrwsto Grammikì Montèlo: Palindrom seic twn ESQoSvoice (se obj. MOS)
wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.
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Sq ma 6.9: EÔrwsto Dunamikì Montèlo: Palindrom seic twn ESQoSvoice (se obj. MOS)
wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.

grammik� montèla, sto Sq ma 6.9 ta dunamik� montèla, sto Sq ma 6.10 ta ekjetik�

montèla, kai tèloc ta logarijmik� montèla sto Sq ma 6.11.

'Omoia an�lush ektelèsthke kai sthn perÐptwsh prìtashc montèlwn gia thn prì-

bleyh thc poiìthtac polumèswn. Stic sullogèc grafhm�twn pou akoloujoÔn, pa-

rousi�zontai oi palindrom seic twn ESQoSmm (se obj. MOS) wc proc tic timèc

SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac. 'Etsi, parousi�-

zoume sto Sq ma 6.12 ta grammik� montèla, sto Sq ma 6.13 ta dunamik� montèla, sto

Sq ma 6.14 ta ekjetik� montèla, kai telik� sto Sq ma 6.15 ta logarijmik� montèla.
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Sq ma 6.10: EÔrwsto Ekjetikì Montèlo: Palindrom seic twn ESQoSvoice (se obj.
MOS) wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.

−16 −14 −12 −10 −8 −6
2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

SQoS [E
c
/I

0
 (dB)]

E
S

Q
oS

vo
ic

e

Logarithmic Model

 

 

ρ=0
ρ=0.1
ρ=0.2
ρ=0.3

(αʹ)

0 0.1 0.2 0.3 0.4 0.5
−1

0

1

2

3

4

5

ρ

β,
ε

β,ε parameters

 

 

β
ε

(βʹ)

Sq ma 6.11: EÔrwsto Logarijmikì Montèlo: Palindrom seic twn ESQoSvoice (se obj.
MOS) wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.
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Sq ma 6.12: EÔrwsto Grammikì Montèlo: Palindrom seic twn ESQoSmm (se obj. MOS)
wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.
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Sq ma 6.13: EÔrwsto Dunamikì Montèlo: Palindrom seic twn ESQoSmm (se obj. MOS)
wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.
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Sq ma 6.14: EÔrwsto Ekjetikì Montèlo: Palindrom seic twn ESQoSmm (se obj. MOS)
wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.
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Sq ma 6.15: EÔrwsto Logarijmikì Montèlo: Palindrom seic twn ESQoSmm (se obj.
MOS) wc proc tic timèc SQoSUMTS (Ec/I0 se dB) sthn perÐptwsh UMTS binteothlefwnÐac.
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6.3 Grammikìc Programmatismìc

Se pollèc peript¸seic, h ektÐmhsh twn montèlwn thc morf c U = Qθ + E basÐzetai

sthn elaqistopoÐhsh tou ajroÐsmatoc tou tetragwnikoÔ sf�lmatoc ETE, all� up�r-

qoun epiprìsjetoi periorismoÐ pou mei¸noun to sÔnolo twn pijan¸n tim¸n tou dianÔ-

smatoc paramètrwn θ. To sf�lma mètrhshc 1
2
ETE = 1

2
Y TY − Y TXθ + 1

2
θTXTXθ

mporeÐ na grafteÐ kai wc 1
2
θTHθ+ fT θ paraleÐpontac ton stajerì ìro pou den exar-

t�tai apì to θ kai jètontac H = XTX kai f = −XTY .

Mia prosèggish epÐlushc tou probl matoc elaqistopoÐhshc tou ajroÐsmatoc twn

tetragwnik¸n sfalm�twn kai tou periorismoÔ twn tim¸n tou dianÔsmatoc paramètrwn

θ lègetai Tetragwnikìc Programmatismìc (Quadratic Programming)

min
θ

{
1

2
θTHθ + fT θ

}
(6.10)

me touc periorismoÔc Aθ ≤ b, Aeqθ = beq kai θmin ≤ θ ≤ θmax. O pÐnakac A kai

to di�nusma b orÐzoun anisìthtec periorismoÔ tou probl matoc, o pÐnakac Aeq kai to

di�nusma beq orÐzoun isìthtec periorismoÔ kai ta dianÔsmata θmin kai θmax orÐzoun

touc periorismoÔc tou dianÔsmatoc paramètrwn θ.

An qrhsimopoihjeÐ èna sq ma me b�rh sto �nw prìblhma

Ew =


w1 0 · · · 0

0 w2 · · · 0
...

...
. . .

...

0 0 · · · wn

 [Y − Ŷ ] = WE (6.11)

autì odhgeÐ se èna prìblhma tetragwnikoÔ programmatismoÔ me H = XTW TWX kai

f = −XTW TWX.

Enallaktik� mporeÐ na oristeÐ to prìblhma grammikoÔ programmatismoÔ upì thn

morf :

min
θ

{
fT θ

}
(6.12)

me touc periorismoÔc Aθ ≤ b, Aeqθ = beq kai θmin ≤ θ ≤ θmax.

Gia perissìterh emb�junsh ston grammikì kai dunamikì programmatismì proteÐ-

netai h melèth twn biblÐwn [147, 148].

6.4 SÔnoyh KefalaÐou

Sto parìn Kef�laio parousi�sthkan prohgmènec mèjodoi statistik c ektÐmhshc poiì-

thtac fwn c, bÐnteo kai polumèswn gia uphresÐec thlefwnÐac kai binteothlefwnÐac
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se dÐktua kinht¸n epikoinwni¸n. Eidikìtera, ègine efarmog  thc mh-grammik  palin-

drìmhshc kai exet�sthkan diexodik� di�fora majhmatik� montèla ìpwc to grammikì,

to dunamikì, to ekjetikì kai to logarijmikì.

H an�lush pou ekpon jhke proseggÐsthke kai me mejìdouc beltistopoÐhshc.

Sugkekrimèna, exaitÐac thc fÔshc tou probl matoc kai dedomènhc thc abebaiìthtac

twn metr sewn, prot�jhke h efarmog  thc eÔrwsthc   alexijìrubhc beltistopoÐhshc.

'Etsi parousi�sthkan ta montèla ektÐmhshc ESQoS fwn c kai polumèswn ìpou

ed¸ èqei efarmosteÐ alexijìrubh beltistopoÐhsh se m -grammik  palindrìmhsh gia

di�forec timèc thc paramètrou ρ ≥ 0. Sthn perÐptwsh ìpou ρ = 0, tìte èqoun

grammik  palindrìmhsh. Diapist¸jhke ìti kaj¸c to mègejoc thc abebaiìthtac ρ au-

x�netai, h par�metroc β fj nei, dhlad  oi alexijìrubec ektim triec proteÐnoun mia

asjen  ex�rthsh metaxÔ twn paramètrwn ESQoS kai SQoS. H asjen  ex�rthsh

kajorÐzetai apì ton stajerì ìro ε. 'Etsi, parousÐa sfalm�twn, k�poioc mporeÐ na

eÐnai pio asfal c sthn prìbleyh tou ESQoS gia dedomèno SQoS. O rujmìc meta-

bol c ESQoS se sun�rthsh me to SQoS ektim¸menoc apì grammik    mh-grammik 

palindrìmhsh eÐnai arket� aisiìdoxoc parousÐa sfalm�twn. H kanonikopoihmènh ekti-

m tria thc ExÐswshc (6.9) lamb�nei upìyh to fainìmeno sthn ektÐmhsh prosjètontac

èna exisorropistikì ìro ρ |β|.
Ta arqik� apotèlesmata thc èreunac parousi�sthkan sthn ergasÐa [116] kai sth

sunèqeia sthn ergasÐa [149] en¸ eÐnai sto st�dio upobol c kai krÐshc h ergasÐa [150].

Gia perissìterh emb�junsh proteÐnetai h sqetik  bibliografÐa [129, 130, 131, 132,

151, 152, 153]. ErgaleÐa logismikoÔ [154] gia ton skopì thc statistik c an�lushc

proteÐnontai to MATLAB [155], STATISTICA [156] kai IBM SPSS [157].

�
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Kef�laio 7

Montèla ProsarmostikoÔ

Neuro-AsafoÔc SumperasmoÔ

7.1 Asaf c Logik 

H asaf c logik  (fuzzy logic, FL) [158] èqei dÔo diaforetikèc shmasÐec. Upì thn

sten  ènnoia, h asaf c logik  eÐnai èna logikì sÔsthma, to opoÐo apoteleÐ proèktash

thc pleiìtimh logik c (multivalued logic). Wstìso, upì mia eurÔterh ènnoia h asaf c

logik  eÐnai sqedìn sun¸numh me thn jewrÐa twn asaf¸n sunìlwn (fuzzy sets) [159].

H majhmatik  jemelÐwsh thc asafoÔc logik c basÐzetai sthn jewrÐa twn asaf¸n

sunìlwn h opoÐa mporeÐ na jewrhjeÐ san mia genÐkeush thc klasik c jewrÐac sunìlwn.

H as�feia (fuzziness) eÐnai mia idiìthta thc gl¸ssac kai h proèleus  thc eÐnai h

aoristÐa pou up�rqei ston orismì kai sthn qr sh twn sumbìlwn [160, 161, 162, 163].

Mia t�sh pou anaptÔssetai afor� th qr sh thc asafoÔc logik c se sunduasmì me

ton neuro-upologismì (neurocomputing) kai touc genetikoÔc algorÐjmouc (genetic

algorithms) [164]. Genikìtera, h asaf c logik , ta neurwnik� dÐktua kai oi genetikoÐ

algìrijmoi mporoÔn na jewrhjoÔn wc ta kÔria sustatik� tou  piou upologismoÔ (soft

computing) [165]. Se antÐjesh me to paradosiakì, apìluto upologismì (hard com-

puting), o  pioc upologismìc lamb�nei upìyh thn as�feia tou pragmatikoÔ kìsmou.

H kateujunt ria arq  tou  piou upologismìu eÐnai:

“h axiopoÐhsh thc anoq c (tolerance) gia thn anakrÐbeia (imprecision), thn abe-

baiìthta (uncertainty), kai thn en mèrei al jeia gia thn epÐteuxh eupeÐjeiac (tracta-

bility), eurwstÐac (robustness), kai qamhloÔ kìstouc lÔsh”.

Sto mèllon, o  pioc upologismìc ja mporoÔse na diadramatÐzei oloèna kai shman-

tikìtero rìlo sth sÔllhyh kai sqediasmì twn susthm�twn twn opoÐwn h mhqanik 

eufuòa (Machine IQ, MIQ) eÐnai polÔ uyhlìterh apì ekeÐnh twn susthm�twn pou

sqedi�sthkan apì tic sumbatikèc mejìdouc. MetaxÔ twn diafìrwn sunduasm¸n twn
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mejodologi¸n ston  pio upologismì, h asaf c logik  kai ta neurwnik� dÐktua, pou

odhgoÔn se neuro-asaf  sust mata, tugq�noun idiaÐterhc apodoq c. Mia apotele-

smatik  mèjodoc pou anaptÔqjhke gia to skopì autì kaleÐtai sust mata prosar-

mostikoÔ neuro-asafoÔc sumperasmoÔ (Adaptive Neuro-Fuzzy Inference Systems,

ANFIS) [166].

H basik  dom  tou enìc sust matoc asafoÔc sumperasmoÔ (Fuzzy Inference Sy-

stems, ANFIS) eÐnai èna montèlo pou apeikonÐzei ta qarakthristik� eisìdou stic su-

nart seic summetoq c eisìdou (input membership functions), tic sunart seic autèc

me touc kanìnec (rules), touc kanìnec se èna sÔnolo sunart sewn summetoq c exìdou

(output membership functions), kai autèc tic sunart seic me mia monìtimh èxodo   me

mia apìfash pou sundèetai me thn èxodo. Sunoptik�, to sÔnolo twn basik¸n ennoi¸n

sto opoÐo sthrÐzetai h ulopoÐhsh enìc asafoÔc upologistikoÔ sust matoc eÐnai:

• asaf  sÔnola, dhlad  ekeÐna ta sÔnola pou den èqoun èna orismèno trìpo

summetoq c se mia om�da, all� epitrèpoun stoiqeÐa / antikeÐmena na èqoun

bajmoÔc summetoq c, p.q. metaxÔ 0 kai 1. 'Ena asafèc sÔnolo me pedÐo orismoÔ

U orÐzetai apì thn sun�rthsh summetoq c µF : U → [0, 1] kai qarakthrÐzetai

apì mia lektik  metablht  F .

• Lektikèc metablhtèc, dhlad  oi sunhjismènec lektikèc ekfr�seic pou sumbo-

lÐzoun èna sugkekrimèno asafèc sÔnolo se dedomèno prìblhma kai qarakthrÐ-

zontai wc “excellent”, “good”, “fair”, “poor”, “bad”.

• logikì sumpèrasma, dhlad  h diadikasÐa exagwg c sumper�smatoc me thn akì-

loujh dom : 'Estw h upìjesh 1 eÐnai “To χ eÐnai A” kai h upìjesh 2 eÐnai “An

χ eÐnai A, tìte to ψ eÐnai B”, tìte prokÔptei to sumpèrasma ìti “To ψ eÐnai

B”.

• dom  asafoÔc diktÔou, dhlad  ekeÐno to sÔsthma, to opoÐo qrhsimopoieÐ thn

asaf  logik  gia thn epÐlush enìc probl matoc, en¸ dhlad  tou dÐnetai mia mh-

asaf c eÐsodoc kai lamb�netai p�li mh-asaf c èxodoc. Ousiastik� apoteleÐtai

apì tèssera stoiqeÐa:

– th jÔra as�feiac, eÐnai mia apeikìnish tou pragmatikoÔ mh asafoÔc q¸rou

kat�stashc eisìdwn U ⊆ Rn sta asaf  sÔnola pou orÐzontai sto U .

– th b�sh asaf¸n kanìnwn, to opoÐo eÐnai èna sÔnolo lektik¸n kanìnwn thc

morf c AN-TOTE (if − then)

– to mhqanismì exagwg c asaf¸n sumperasm�twn, mèsw tou opoÐou ex�gon-

tai sumper�smata b�sei twn asaf¸n kanìnwn thc morf c if − then kai

stouc sunjetikoÔc kanìnec exagwg c sumperasm�twn.
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– th jÔra aposaf nishc, h opoÐa lamb�nei tic exìdouc tou mhqanismoÔ asa-

f¸n sumperasm�twn kai par�gei mia saf  èxodo pou antiproswpeÔei thn

pragmatik  èxodo tou sust matoc.

• sun�rthsh summetoq c, dhlad  h sun�rthsh apeikìnishc k�je stoiqeÐou tou

q¸rou an�for�c X sto di�sthma [0,1]. Up�rqoun di�fora eÐdh sunart sewn

ìpwc:

– Gkaousian 

µAj
i
(xi) = exp

−1

2

(
xi − x̄ji
σj
i

)2
 (7.1)

– Trigwnik 

µAj
i
(xi) =


0 xi < αj

i , or , xi > cji
xi−αj

i

βj
i−αj

i

αj
i ≤ xi ≤ βj

i

1− βj
i−xi

γj
i−βj

i

βj
i ≤ xi ≤ γji

(7.2)

– Trapezoeid c

µAj
i
(xi) =



0, xi < αj
i

xi−αj
i

βj
i−αj

i

, αj
i < xi ≤ βj

i

1, βj
i < xi ≤ γji

1− γj
i−xi

δji−γj
i

, γji < xi < δji

0 δji ≤ xi

(7.3)

H neuro-prosarmostik  mèjodoc m�jhshc leitourgeÐ parìmoia me ekeÐnh twn neu-

rwnik¸n diktÔwn. Oi neuro-prosarmostikèc teqnikèc m�jhshc parèqoun mia mèjodo

gia thn asaf  diadikasÐa montelopoÐhshc gia na exaqjeÐ plhroforÐa apì èna sÔnolo

dedomènwn. Qrhsimopoi¸ntac dedomèno eisìdou/exìdou, ta ANFIS kataskeu�zoun

èna asafèc sÔsthma sumperasmoÔ (FIS) tou opoÐou oi sunart seic summetoq c eÐnai

suntonismènec (prosarmosmènec) eÐte qrhsimopoi¸ntac ènan algìrijmo proc ta pÐsw

di�doshc (back propagation algorithm) mìno   se sunduasmì me mia mèjodo elaqÐ-

stwn tetrag¸nwn. Aut  h prosarmog  epitrèpei sta asaf  sust mata na m�joun

apì ta dedomèna pou montelopoioÔn.

H dom  enìc FIS eÐnai tÔpou diktÔou parìmoia me ekeÐnh enìc neurwnikoÔ diktÔou,

to opoÐo antistoiqeÐ mèsw twn sunart sewn summetoq c eisìdou kai twn sunaf¸n

paramètrwn, kai sth sunèqeia mèsw twn sunart sewn summetoq c exìdou kai twn
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sunaf¸n paramètrwn stic exìdouc. 'Etsi èna FIS mporeÐ na qrhsimopoihjeÐ gia thn

ermhneÐa thc sqèseic eisìdou/exìdou.

Oi par�metroi pou sqetÐzontai me tic sunart seic summetoq c all�zoun mèsw thc

majhsiak c diadikasÐac (learning process). O upologismìc twn paramètrwn aut¸n

(  anaprosarmog  touc) dieukolÔnetai apì èna di�nusma klÐshc (gradient vector).

Autì to di�nusma klÐshc parèqei èna mètro tou pìso kal� to sÔsthma asafoÔc

sumperasmoÔ diamorf¸nei ta dedomèna eisìdou/exìdou gia èna sugkekrimèno sÔnolo

paramètrwn. 'Otan to di�nusma klÐshc epitugq�netai, opoiad pote apì tic routÐnec

beltistopoÐhshc mporeÐ na efarmosteÐ prokeimènou na prosarmìsei tic paramètrouc

¸ste na meiwjeÐ se k�poio bajmì to sf�lma. To mètro autì tou sf�lmatoc sun jwc

kajorÐzetai apì to �jroisma twn tetrag¸nwn thc diafor�c metaxÔ twn pragmatik¸n

kai twn epijumht¸n apotelesm�twn. Ta ANFIS qrhsimopoioÔn eÐte proc ta pÐsw

di�dosh eÐte ènan sunduasmì apì toul�qiston ektÐmhsh elaqÐstwn tetrag¸nwn kai

proc ta pÐsw di�dosh gia thn ektÐmhsh twn paramètrwn twn sunart sewn summetoq c.

Oi basikèc diadikasÐec twn ANFIS eÐnai h an�kthsh, h grafik  apeikìnish kai h

ekkaj�rish twn dedomènwn, h dhmiourgÐa twn arqik¸n dom¸n FIS, h ekpaÐdeush twn

FIS kai h epikÔrwsh/axiolìghsh twn ekpaideumènwn FIS.

7.2 MejodologÐa Prìbleyhc Poiìthtac

H sumbol  thc èreunac eÐnai h paroq  enìc montèlou gia thn prìbleyh thc poiìthtac

fwn c kai bÐnteo ìtan up�rqoun diajèsimec metr seic mìno twn basik¸n deikt¸nKPIs,

en¸ oi timèc MOS den mporoÔn na ektimhjoÔn   na katagrafoÔn. O kÔrioc stìqoc

eÐnai h ekmet�lleush twn metr sewn pou ekpon jhkan se pragmatik� asÔrmata dÐktua

kai h dhmiourgÐa montèlwn pou ja mac epitrèyoun akribeÐc problèyeic twn tim¸nMOS.

H mejodologÐa pou proteÐnetai apeikonÐzetai sthn Sq ma 7.1 kai apoteleÐtai apì

4 b mata:

1. Apìkthsh metr sewn (Acquisition of Measurements): H f�sh aut  diaireÐ-

tai se duo basikèc diadikasÐec. Arqik�, o peiramatikìc exoplismìc ja prèpei

na diamorfwjeÐ leptomer¸c me skopì thn ektèlesh miac kamp�niac metr se-

wn. 'Ena sen�rio metr sewn ja prèpei na perigrafeÐ me skopì thn diexagwg 

dokim¸n kl sewn thlefwnÐac kai binteothlefwnÐac apì ta kinht� thlèfwna do-

kim¸n proc ta dhmìsia-emporik� kinht� dÐktua PLMN (Public Land Mobile

Networks), praktik� proc ènan autìmato thlefwnht   /kai exuphretht  bÐnte-

o. Epiplèon, h shmatodosÐa (layers signaling) kaj¸c kai ta antallas¸mena

deÐgmata fwn c/bÐnteo ìlwn twn kl sewn katagr�fontai apì ton exoplismì

kai axiologoÔntai anaforik� me thn poiìthta fwn c kai bÐnteo.
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Sq ma 7.1: H arqitektonik  prìbleyhc thc poiìthtac uphresÐ¸n basismènh sthn asaf 
logik 

2. An�lush metr sewn (Analysis of the Datasheets): 'Otan h kamp�nia metr sewn

èqei oloklhrwjeÐ, ta arqeÐa metr sewn eis�gontai se mia sqesiak  qwroqronik 

b�sh dedomènwn/metr sewn. H b�sh dedomènwn eÐnai domhmènh se èna sÔnolo

pin�kwn oi opoÐoi susqetÐzontai kai sumplhr¸nontai apì timèc twn deikt¸n poiì-

thtac diktÔou kai uphresi¸n. 'Ena ergaleÐa metepexergasÐac (post-processing

analysis) gia thn diaqeÐrish thc b�shc dedomènwn, thn anafor� statistik¸n twn

deikt¸n epÐdoshc   thn dhmiourgÐa qart¸n apeikìnishc twn qr simwn KPIs.

3. DhmiourgÐa FIS: Se autì to b ma dhmiourgoÔntai asaf  sust mata sumpe-

rasmoÔ kai ekpaideÔontai mèsw neuroasaf¸n susthm�twn ANFIS (Adaptive

Fuzzy Inference Systems) qrhsimopoi¸ntac tic metr seic (datasheets) pou eÐnai

diajèsimec. Katìpin, to sÔsthma beltistopoieÐtai mèsw epiprìsjetwn metr -

sewn axiolìghshc (testing datasheets). To apotèlesma aut c thc diadikasÐac

eÐnai h dhmiourgÐa susthm�twn prìbleyhc poiìthtac se klÐmaka MOS basismè-

nh se dedomènec eisìdou. Oi eÐsodoi eÐnai 2: i) sthn perÐptwsh GSM eÐnai oi

par�metroi RxLevSub RxQualSub, kai ii) sthn perÐptwsh UMTS oi par�metroi

RSCP kai Ec/N0. Gia ton skopì autì ègine qr sh tou logismikoÔ MATLAB

Fuzzy Toolbox [167].

4. Prìbleyh poiìthtac (Quality Prediction): Gia ìla ta sen�ria pou jewr jhkan,

dhmiourg jhkan antÐstoiqa FIS upì thn morf  ektelèsimwn arqeÐwn. Kat�

perÐptwsh, to kat�llhlo FIS energopoieÐtai kai prìbleyh upologÐzetai me b�sh
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GSM   : RxLevSub
UMTS : RSCP

GSM   : RxQualSub
UMTS : Ec/No

GSM telephony   : obj. MOSa
UMTS telephony : obj. MOSa
UMTS videophony: obj. MOSa
                                       MOSt

Sq ma 7.2: H dom  enìc ANFIS montèlou gia thn prìbleyh obj. MOS thc poiìthtac
fwn c kai polumèswn stic peript¸seic GSM thlefwnÐac, kai UMTS thlefwnÐac kai binteo-
thlefwnÐac.

tic metr seic pou eÐnai diajèsimec. Autì to gn¸risma eÐnai zwtikì gia thn

epÐdosh tou sust matoc afoÔ èna el�qisto upologistikì kìstoc apaiteÐtai gia

thn prìbleyh. Antijètwc, h ekpaÐdeush enìc montèlou prìbleyhc eÐnai mia

qronobìra diadikasÐa kai mporeÐ na pragmatopoieÐtai ektìc leitourgÐac (off-

line).

Se autì to shmeÐo, ja prèpei na shmeiwjeÐ ìti sto plaÐsio thc èreunac exet�sthkan

xeqwrist� oi metadìseic pou èginan eÐte apì ta kinht� thlèfwna dokim¸n (Mobile

Terminal - MT) tou exoplismou metr sewn o opoÐoc eÐnai egkatesthmènoc sto ìqhma

metr sewn (drive-test vehicle) eÐte apì ton stajmì b�shc (Base Station - BS), ìpwc

apeikonÐzetai sto Sq ma 7.1. Oi kateujÔnseic autèc shmei¸nontai wc �nw zeÔxh

(uplink - UL) kai k�tw zeÔxh (downlink - DL).

Sto Sq ma 7.2 parousi�zetai h dom  enìc ANFIS montèlou gia thn prìbleyh obj.

MOS thc poiìthtac fwn c kai polumèswn stic peript¸seic i) GSM thlefwnÐac, kai

ii) UMTS thlefwnÐac kai binteothlefwnÐac.

Analutik�, sto Sq ma 7.3 parousi�zetai gia h diamìrfwsh twn twn FIS (a') kai

ANFIS (b') gia thn perÐptwsh thc GSM thlefwnÐac. Parousi�zontai epÐshc oi su-

nart seic summetoq c twn paramètrwn RxLev (g') kai RxQual (d'). Fusik�, ègine

melèth tìso gia thn perÐptwsh thc �nw zeÔxhc ìso kai gia thn k�tw zeÔxhc.
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(αʹ) GSM FIS (βʹ) GSM ANFIS

(γʹ) Membership functions: RxLev (δʹ) Membership functions: RxQual

Sq ma 7.3: Melèth PerÐptwshc: GSM thlefwnÐa. Diamìrfwsh twn FIS (a') kai ANFIS
(b'). Parousi�zontai epÐshc oi sunart seic summetoq c twn paramètrwn RxLev (g') kai
RxQual (d').

Parìmoia, sto Sq ma 7.4 melet¸ntai oi peript¸seic twn uphresi¸n UMTS thle-

fwnÐac kai binteothlefwnÐac. AntÐstoiqa, diamorf¸nontai ta FIS (a',b') kai ANFIS

(g',d'). Parousi�zontai epÐshc oi sunart seic summetoq c twn paramètrwn RSCP (g')

kai Ec/N0 (st'). Anafèretai ìti ègine melèth tìso gia thn perÐptwsh thc �nw zeÔxhc

ìso kai gia thn k�tw zeÔxhc.

Praktik�, h mejodologÐa prìbleyhc pou proteÐnetai mporeÐ na ulopoihjeÐ se lo-

gismikì to opoÐo mporeÐ na qrhsimopoihjeÐ ston QoS-kentrikì sqediasmì kai thn

beltistopoÐhsh radiodiktÔou. Oi diajèsimec sullogèc metr sewn an� perioq , ìpwc

autokinhtìdromoc, pìlh, agrotikì perib�llon, mporoÔn na axiopoihjoÔn sthn an�-

ptuxh twn radiodiktÔwn kai th bèltisth rÔjmish e�n ta montèla m�jhshc mporoÔn

na emploutistoÔn me dedomèna-metr seic apì sust mata parakoloÔjhshc epÐdoshc
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(αʹ) UMTS Telephony FIS (βʹ) UMTS Video-Telephony FIS

(γʹ) UMTS Telephony ANFIS (δʹ) UMTS Video Telephony ANFIS

(εʹ) Membership functions: RSCP (ϛʹ) Membership functions: Ec/N0

Sq ma 7.4: Melèth PerÐptwshc: UMTS thlefwnÐa kai binteothlefwnÐa. Diamìrfwsh
twn FIS (a',b') kai ANFIS (g',d'). Parousi�zontai epÐshc oi sunart seic summetoq c twn
paramètrwn RSCP (g') kai Ec/N0 (st').
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diktÔou (network monitoring) ìpwc h èntash thlepikoinwniak c kÐnhshc (p.q. pl -

joc energ¸n qrhst¸n an� kuyèlh, pl joc diapomp¸n klp). Wc mellontik  ergasÐa,

h arqitektonik  mporeÐ epektajeÐ eÔkola kai gia prohgmèna asÔrmata dÐktua LTE.

Se aut  thn perÐptwsh oi dÔo eÐsodoi ja eÐnai oi par�metroi radiodiktÔou RSRP kai

RSRQ.

7.3 Arijmhtik� Apotelèsmata.

Sta sq mata pou akoloujoÔn parousi�zontai trisdi�statec (3D) kampÔlec twn su-

sthm�twn prìbleyhc FIS . K�je kampÔlh parousi�zei pwc h èxodoc, h poiìthta se

klÐmaka MOS, ephre�zetai apì tic metablhtèc eisìdou. H prosèggish prìbleyhc

poiìthtac ja mporoÔse na enswmmatwjeÐ se èna problèyimo sÔsthma mètrhshc epÐdo-

shc gia thn antikeimenik  ektÐmhsh poiìthtac qrhsimopoi¸ntac tic epif�neiec asafoÔc

logik c.

Analutik� gia thn GSM thlefwnÐa, sto Sq ma 7.5 apeikonÐzontai 3D ANFIS

kampÔlec thc poiìthtac fwn c obj. MOS sthn perÐptwsh GSM thlefwnÐac gia thn

�nw (UL) kai k�tw (DL) zeÔxh kai gia EFR kwdikopoiht . Sth sunèqeia, sto Sq ma

7.6 parousi�zontai oi trisdi�tatec kampÔlec gia tic peript¸seic twn kwdikopoiht¸n

AMR FR kai AMR HR.

Sth sunèqeia sto Sq ma 7.7 sugkentr¸nontai oi 3D ANFIS kampÔlec thc poiì-

thtac fwn c obj. MOS sthn perÐptwsh UMTS thlefwnÐac gia thn �nw (UL) kai

k�tw (DL) zeÔxh kai gia AMR-WB kwdikopoiht . Katèpèktash sthn perÐptwsh thc

UMTS binteothlefwnÐac, sto Sq ma 7.8 parousi�zontai oi sqetikèc kampÔlec.

Basismènoi se aut� ta graf mata, mporoÔn na gÐnoun oi akìloujec parathr seic:

• Sth perÐptwsh thc GSM thlefwnÐac, h bèltisth poiìthta fwn c �nw tou 3.5 se

klÐmaxa MOS epitugq�netai gia RxLevSub > −60dBm. Sthn perÐptwsh thc

k�tw zeÔxhc, h poiìthta mei¸netai kaj¸c h tim  tou RxQualSub aux�netai, en¸

gia thn �nw zeÔxh autì sumbaÐnei mìno gia mikrìterec timèc tou RxLevSub (<

−70dBm). Gia RxLevSub > −70dBm autì den eÐnai apìluta alhjèc, ex�itÐac

thc dedomènhc metablhtìthtac sto sÔnolo metr sewn. EpÐshc, h qeirìterh

dunat  poiìthta gia thn perÐptwsh thc �nw zeÔxhc eÐnai 2.9, en¸ gia thn k�tw

zeÔxh eÐnai Ðsh me 2.

• Gia thn met�dosh fwn c se UMTS dÐktuo, h bèltisth poiìthta epitugq�netai

gia Ec/N0 > −5dB. Sthn perÐptwsh thc k�tw zeÔxhc kai gia mètriec timèc

tou Ec/N0 o deÐkthc MOS mei¸netai kaj¸c to RSCP mei¸netai. En¸, gia

thn perÐptwsh thc �nw zeÔxhc, den up�rqei �mesh sqèsh metaxÔ MOS kai
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RSCP , gegonìc pou ofeÐletai sthn metablhtìthta twn dedomènwn mètrhshc.

H el�qisth ektim¸menh tim  MOS eÐnai 3.3 kai 3.1 gia to UL kai DL antÐstoiqa,

deÐqnontac ìti kai gia ta dÔo sen�ria sumperifèretai me ton Ðdio trìpo. OmoÐwc,

h mègisth tim  prìbleyhc eÐnai 4.1 kai 4.2 antÐstoiqa.

• Gia thn met�dosh bÐnteo se UMTS ta apotelèsmata eÐnai lÐgo amfilegìmena,

deÐqnontac aprosdìkhtec ektim seic gia mètriec timèc twn metablht¸n eisìdou.

Gia to UL kai DL oi mègistec problepìmenec timèc eÐnai 2.5 kai 3.1, en¸ oi

kat¸terec eÐnai 1.2 kai 2.05 antÐstoiqa. H traqÔthta twn epifanei¸n eÐnai a-

potèlesma thc uyhl c abebaiìthtac thc problepìmenhc exìdou lìgw tou gego-

nìtoc ìti h epÐdosh thc binteothlefwnÐac den eÐnai sun jwc epark c se kinht�

perib�llonta ìpwc autokinhtìdromoi, ìpou h radiok�luyh den eÐnai eÔrwsth.

Genik�, h poiìthta kinhtoÔ bÐnteo qarakthrÐzetai apì sugkekrimènec qamhlèc timèc

apì autèc thc fwn c. H poiìthta eikìnac kai bÐnteo eÐnai �rrhkta sundedemèno me ton

tÔpo tou kwdikopoiht  bÐnteo pou qrhsimopoieÐtai (3G 324M/MPEG4) kai euaÐsjhth

ston rujmì esfalmènwn plaisÐwn FER (Frame Error Ratio) kaj¸c kai apì ton tÔpo

tou plaisÐou - I, P   B - se mÐa om�da eikìnwn GOP (Group of Pictures). EpÐshc, h

met�dosh bÐnteo mporeÐ na ephreasteÐ apì mia poikilÐa paragìntwn, oi opoÐoi mporoÔn

na odhg soun se shmantik  upob�jmish thc poiìthtac bÐnteo. Ta probl mata kwdiko-

poÐhshc kai met�doshc mporoÔn na taxinomhjoÔn se qwrik� eur mata (p.q. blurring,

edge noise, reduced color space) kai qronik� eur mata (p.q. freezing, delay, jitter).

Wc apotèlesma, eÐnai pio dÔskolo na problefjeÐ me akrÐbeia h poiìthta met�doshc

bÐnteo se sÔgkrish me thn fwn . PÐsw apì touc upologismoÔc twn kampÔlwn, ka-

tadeiknÔetai oi problepìmenec timèc poiìthtac gia tic metablhtèc eisìdou gia ìla ta

sen�ria èreunac.

Stic epìmenec eikìnec parist�nontai ta apotelèsmata, oi opoÐec mporeÐ na fanoÔn

qr simec gia mhqanikoÔc pou epikentr¸nontai ston sqediasmì kai thn beltistopoÐhsh

qwrÐc na diajètoun dedomèna gia thn ektÐmhsh tou ESQoS. Aut� ta graf mata epitrè-

poun thn an�kthsh problepìmenwn tim¸n me apodekt  akrÐbeia. Pio sugkekrimèna,

jewroÔme ta akìlouja sen�ria:

• Met�dosh fwn c se GSM gia RxQualSub ∈ {0, ..., 7}: Ta graf mata sta

Sq mata 7.9 (qr sh kwdikopoiht  EFR) kai 7.10 (qr sh kwdikopoiht¸n AMR

FR, HR) deÐqnoun ìti gia timècRxLevSub mikrìterec apì−80dB   megalÔterec

apì −65dB up�rqei mia grammik  sqèsh metaxÔ MOS kai RxLevSub. Se ìlo to

eÔroc tou RxLevSub, h ex�rthsh mporeÐ na jewrhjeÐ kat� tm mata grammik .

• Met�dosh fwn c se UMTS gia Ec/N0 ∈ {−8,−5,−3}dB: Se aut  thn perÐ-
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(αʹ) ΄Ανω ζεύξη (UL) (βʹ) Κάτω ζεύξη (DL)

Sq ma 7.5: 3D ANFIS kampÔlec thc poiìthtac fwn c obj. MOS sthn perÐptwsh GSM
thlefwnÐac gia thn �nw (UL) kai k�tw (DL) zeÔxh kai gia EFR kwdikopoiht .

(αʹ) ΄Ανω ζεύξη (UL) (βʹ) Κάτω ζεύξη (DL)

(γʹ) ΄Ανω ζεύξη (UL) (δʹ) Κάτω ζεύξη (DL)

Sq ma 7.6: 3D ANFIS kampÔlec thc poiìthtac fwn c obj. MOS sthn perÐptwsh GSM
thlefwnÐac gia thn �nw (UL) kai k�tw (DL) zeÔxh kai gia AMR FR/HR kwdikopoiht¸n.
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(αʹ) ΄Ανω ζεύξη ( UL) (βʹ) Κάτω ζεύξη (DL)

Sq ma 7.7: 3D ANFIS kampÔlec thc poiìthtac fwn c obj. MOS sthn perÐptwsh UMTS
thlefwnÐac gia thn �nw (UL) kai k�tw (DL) zeÔxh kai gia AMR-WB kwdikopoiht .

(αʹ) ΄Ανω ζεύξη (UL) (βʹ) Κάτω ζεύξη (DL)

(γʹ) ΄Ανω ζεύξη (UL) (δʹ) Κάτω ζεύξη (DL)

Sq ma 7.8: 3D ANFIS kampÔlec twn deÐkt¸n poiìthtac fwn c obj. MOSa kai polumèswn
obj. MOSt UMTS binteothlefwnÐac gia thn �nw (UL) kai k�tw (DL) zeÔxh.
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(αʹ) ΄Ανω ζεύξη (UL) (βʹ) Κάτω ζεύξη (DL)

Sq ma 7.9: GSM thlefwnÐa - epÐdrash tou RxLevSub sto obj. MOSa gia di�forec timèc
tou RxQualSub gia thn perÐptwsh EFR kwdikopoiht .

ptwsh h opoÐa mporeÐ na parathrhjeÐ sta graf mata sto Sq ma 7.11, h pro-

blepìmenh poiìthta eÐnai arket� auxhmènh ìtan to RSCP eÐnai �nw twn −80dB.

• Met�dosh bÐnteo se UMTS gia Ec/N0 ∈ {−9,−7,−5}dB: Se aut  thn perÐ-

ptwsh den up�rqei kamÐa grammikìthta ìpwc faÐnetai sta graf mata tou Sq -

matoc 7.12.

7.4 Axiolìghsh twn Montèlwn Prìbleyhc

H epÐdosh enìc montèlou prìbleyhc axiologeÐtai me touc akìloujouc trìpouc:

1. Arqik�, prìsjeta sÔnola metr sewn eis�gontai wc dedomèna elègqou sto peri-

b�llon diamìrfwshc tou ANFIS. To ANFIS tìte apeikonÐzei tic timèc mètrhshc

kai prìbleyhc kai upologÐzetai to posostiaÐo sf�lma.

2. Deutereuìntwc, gia prìsjeta sÔnola metr sewn efarmìzetai qeirokÐnhta to

montèlo prìbleyhc kai upologÐzetai to mèso tetragonikì sf�lma RMSE (Root-

Mean-Square Error) metaxÔ twn metroÔmenwn kai problepìmenwn tim¸n. To

RMSE sf�lma èqei tic Ðdiec mon�dec me thn posìthta pou ektim�tai.

H axiolìghsh tou montèlou prìbleyhc eÐnai mia suneq c diadikasÐa kai ekteleÐtai

k�je for� met� apì thn enhmèrwsh tou sust matoc apì nèa sÔnola ekpaÐdeushc. To

sf�lma upologÐzetai apì to ANFIS èqei sqedìn Ðdiec timèc me to RMSE.

Skopìc thc èreunac  tan o peiramatismìc me èna eurÔ f�sma diamorf¸sewn (confi-

gurations) me stìqo thn elaqistopoÐhsh tou sunolikoÔ RMSE. Me thn proteinìmenh

diamìrfwsh, epiteÔqjhke sunolikì RMSE metaxÔ 0.206 kai 0.265. An kai oi timèc
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(αʹ) ΄Ανω ζεύξη (UL) (βʹ) Κάτω ζεύξη (DL)

(γʹ) ΄Ανω ζεύξη (UL) (δʹ) Κάτω ζεύξη (DL)

Sq ma 7.10: GSM thlefwnÐa - epÐdrash tou RxLevSub sto obj. MOSa gia di�forec
timèc tou RxQualSub gia thn perÐptwsh AMR FR/HR kwdikopoiht¸n.

(αʹ) ΄Ανω ζεύξη (UL) (βʹ) Κάτω ζεύξη (DL)

Sq ma 7.11: UMTS thlefwnÐa - epÐdrash tou RSCP sto obj. MOSa gia di�forec timèc
tou Ec/I0 gia thn perÐptwsh AMR WB kwdikopoiht .
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(αʹ) ΄Ανω ζεύξη (UL) (βʹ) Κάτω ζεύξη (DL)

(γʹ) ΄Ανω ζεύξη (UL) (δʹ) Κάτω ζεύξη (DL)

Sq ma 7.12: EpÐdrash tou RSCP sthn poiìthta fwn c kai polumèswn (obj. MOS) gia
di�forec timèc tou Ec/N0 sthn perÐptwsh thc UMTS binteothlefwnÐac.
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autèc den eÐnai oi bèltistec, wst¸so jewroÔntai ikanopoihtikèc dedomènhc thc me-

tablhtìthtac twn dedomènwn metr sewn. H akrÐbeia diaforopoieÐtai kat� perÐptwsh

afoÔ exart�tai apì ton sunduasmì sugkekrimènwn qarakthristik¸n twn metr sewn

kai thc diamìrfwshc tou ANFIS. Se peript¸seic pou arketèc metr seic apant¸ntai

me sugkekrimènec timèc, h akrÐbeia mporeÐ na auxhjeÐ me prosarmog  thc euaisjhsÐ-

ac tou ANFIS analìgwc, prokeimènou na mhn parablèpei autèc tic aiqmèc. Uyhl 

euaisjhsÐa odhgeÐ fusik� se perissìterec sunart seic summetoq c kai ètsi se peris-

sìterouc kanìnec. 'Etsi, se autì to sen�rio, o sqediast c ja prèpei na prosarmìsei

to ANFIS ¸ste na parèqei pio akribeÐc problèyeic.

Sq ma 7.13: Apeikìnish thc metroÔmenhc kai ektimoÔmenhc tim c thc paramètrou obj.
MOSa sthn perÐptwsh thc GSM thlefwnÐac gia thn perÐptwsh thc �nw zeÔxhc (UL).

Wc genik  parat rhsh, to montèlo prìbleyhc eÐnai austhrì sugkrinìmeno me tic

pragmatikèc metr seic, stic perissìterec twn peript¸sewn oi problepìmenec timèc

eÐnai elafr¸c kat¸terec apì tic metroÔmenec. Autì ofeÐletai sto gegonìc ìti se

k�poiec peript¸seic mia shmantik  upob�jmish tou SQoS shmei¸jhke, pijan¸c lì-

gw exwterik¸n paragìntwn   esfalmènwn metr sewn. Autì den katagr�fetai apì

thn prìbleyh tou ANFIS. Me autì ton trìpo, to montèlo prìbleyhc den ephre�-

zetai dramatik� apì mh ègkura dedomèna kai epitugq�nei sthn paroq  miac stajer c

kat�stashc tou kinhtoÔ diktÔou, to opoÐo shmaÐnei ìti h metablhtìthta twn proble-

pìmenwn apotelesm�twn eÐnai mikrìterh thc metablhtìthtac twn dedomènwn mètrhshc.

Sto di�gramma 7.13 parousi�zontai endeiktik� ta sugkritik� apotelèsmata metaxÔ

thc prìbleyhc kai twn pragmatik¸n metr sewn sthn perÐptwsh thc met�doshc fwn c

se GSM (UL) gia 1670 perÐpou deÐgmata.
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7.5 SÔnoyh KefalaÐou

SunoyÐzontac, epilèqjhke h asaf c logik  sthn exagwg  montèlwn prìbleyhc poiì-

thtac giatÐ eÐnai ennoiologik� polÔ katanoht . Oi majhmatikèc ènnoiec upì thn asaf 

sullogistik  gÐnontai aplèc. EpÐshc eÐnai euèlikth kai anektik  sthn anakrÐbeia twn

dedomènwn. Epiplèon, me thn asaf  logik  montelopoioÔntai mh-grammikèc sunart -

seic me aujaÐreth poluplokìthta (arbitrary complexity).

Prot�jhke mia strathgik  prìbleyhc poiìthtac empeirÐac uphresi¸n fwn c kai

bÐnteo axiopoi¸ntac metr seic apì dÐktua kinht¸n epikoinwni¸n. H mejodologÐa aut 

mporeÐ na epektajeÐ kai se �lla asÔrmata dÐktua p.q. asÔrmata topik� dÐktua, dÐktua

4hc geni�c (LTE), kaj¸c kai gia uphresÐec thlefwnÐac diadiktÔou (VoIP) kai en gènei

uphresÐec dedomènwn kai polumèswn.

Apì thn èreuna pou diex qjhke proèkuyan 2 dhmosieÔseic [168, 169]. Bèbaia,

up�rqei energì endiafèron sthn qr sh mejodologi¸n ANFIS gia thn prìtash ma-

jhsiak¸n montèlwn prìbleyhc poiìthtac  qou, bÐnteo kai polumèswn apì di�forec

ereunhtikèc koinìthtec [170, 171, 172] se epÐpedo ìmwc mìno prosomoÐwshc èwc t¸ra.

�
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Kef�laio 8

Montèla Exìruxhc PlhroforÐac

Poiìthtac apì Dedomèna

Metr sewn

Sto parìn Kef�laio oloklhr¸netai h prosèggish thc exagwg c montèlwn prìbleyhc

poiìthtac me mejìdouc upologistik c nohmosÔnhc. Analutik�, proteÐnoume thn efar-

mog  prohgmènwn mejìdwn exìruxhc plhroforÐac poiìthtac uphresi¸n apì dedomèna,

  sunoptik� me teqnikèc “Data Mining”. Wc dedomèna jewroÔme tic metr seic pou

sullègontai kai aforoÔn thc epÐdosh enìc dhmosÐou diktÔou kinht¸n epikoinwni¸n en

leitourgÐa. Oi metr seic dÔnatai na èqoun sulleqjeÐ eÐte apì sust mata parakaloÔ-

jhshc epÐdoshc eÐte mèsw miac kamp�niac metr sewn epÐ tw pedÐw. Ta teleutaÐa qrìnia

èqei diexaqjeÐ idiaÐterh èreuna se autèc tic mejìdouc me stìqo thn ulopoÐhsh eufu¸n

ergaleÐwn an�lushc kai prìbleyhc deikt¸n poiìthtac kaj¸c kai automatopoihmènhc

beltistopoÐhshc diktÔou [173, 174].

8.1 Anak�luyh Gn¸shc ESQoS-SQoS se B�seic

Dedomènwn Metr sewn

'Otan anaferìmaste se exìruxh dedomènwn ennooÔme thn exagwg    “exìruxh” gn¸-

shc   plhroforÐac apì meg�lo ìgko dedomènwn. H exìruxh dedomènwn qrhsimopoieÐtai

sun jwc kai san èna sun¸numo enìc �llou dhmofil  ìrou, thc anak�luyhc gn¸shc

apì b�seic dedomènwn   KDD (Knowledge Discovery in Databases) [175, 176]. To

KDD eÐnai mÐa mh tetrimmènh diadikasÐa eÔreshc ègkurwn, nèwn, qr simwn kai pl rwc

katanoht¸n protÔpwn apì ta dedomèna kai mporeÐ na perilamb�nei epan�lhyh metaxÔ

opoiond pote bhm�twn.
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Target Data
Preprocessed

Data
Transformed

Data
Patterns

ESQoS/QoS
Knowledge

Measurements
Data Base

Selection Preprocessing Transformation Data Mining
Interpretation/

Evaluation

Measurement
Campaign

UX Improvement

QoE-centric
Service Optimization

QoS-centric
RAN Planning & Optimization

Network 
Performance
Monitoring

Sq ma 8.1: SÔsthma beltistopoÐhshc poiìthtac basismèno se anak�luyh thc plhroforÐac
ESQoS kai SQoS se b�seic dedomènwn pou proèrqontai apì kamp�niec metr sewn kaj¸c kai
apì sust mata parakoloÔjhshc epÐdoshc diktÔou.

Uiojet¸ntac tic genikèc arqèc tou KDD, proteÐnoume sto Sq ma 8.1 tic dia-

dikasÐec enìc sust matoc beltistopoÐhshc poiìthtac basismèno se anak�luyh thc

plhroforÐac ESQoS kai SQoS se b�seic dedomènwn pou proèrqontai apì kamp�niec

metr sewn kaj¸c kai apì sust mata parakoloÔjhshc epÐdoshc diktÔou. Anafèrontai

ìti ta b mata gia thn anak�luyh thc plhroforÐac eÐnai ta ex c:

1. ProepexergasÐa (Preprocessing): Se autì to st�dio ja prèpei na diexaqjoÔn oi

diadikasÐec kajarismoÔ (data cleaning), enopoÐhshc (data integration) kai me-

tasqhmatismoÔ (data transformation) twn dedomènwn metr sewn pou eÐnai pija-

nìn na eÐnai elleip  (incomplete), jorub¸dh (noisy) kai asunep  (incosistent).

Katìpin, gÐnetai h epilog  (selection) dedomènwn kai gnwrism�twn me efarmo-

g  twn kat�llhlwn metasqhmatismìc ìpwc thc sun�jroishc (aggregation), thc

deigmatolhyÐac (sampling) enìc antiproswpeutikoÔ uposunìlou dedomènwn, thc

meÐwshc twn diast�sewn twn dedomènwn (dimensionality reduction), thc diakri-

topoÐhshc (discetization/binarization) kai thc kanonikopoÐhshc (value transfor-

mation).

2. Exìruxh PlhroforÐac (Data mining): Afor� kurÐwc tic diadikasÐec kai ta

mèsa me ta opoÐa ja ex�gontai ta prìtupa (patterns) kai oi kanìnec susqè-

tishc (association rules) apì ta metasqhmatismèna sÔnola twn dedomènwn me

algorÐjmouc teqnht c nohmosÔnhc (artificial intelligence), mhqanik c m�jhshc

(machine learning), statistik c kai diaqeÐrishc b�sewn dedomènwn (data base

management). Oi basikèc diadikasÐec thc exìruxhc plhroforÐac eÐnai:

• Palindrìmhsh (Regression)
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• KathgoriopoÐhsh (Classification)

• OmadopoÐhsh   SustadopoÐhsh (Clustering)

• Exagwg  kanìnwn susqètishc (Association rules)

• An�lush Qronoseir¸n (Time Series)

• Perilhptik  parousÐash thc plhroforÐac   parousÐash sunìyewn (Summa-

rization)

To montèla pou dhmiourgoÔntai apì th diadikasÐa exìruxhc mporeÐ na eÐnai eÐ-

te probleptikì eÐte perigrafikì. To probleptikì montèlo k�nei mÐa prìbleyh

gia tic timèc twn paramètrwn poiìthtac (KPIs), qrhsimopoi¸ntac gnwst� apo-

telèsmata pou èqei brei apì metr seic. To perigrafikì montèlo anagnwrÐzei

prìtupa   susqetÐseic sta dedomèna, en¸ epÐshc leitourgeÐ san èna mèso pou

diereun� tic idiìthtec twn paramètrwn poiìthtac oi opoÐoi exet�zontai, qwrÐc na

problèpei nèec idiìthtec.

3. DiadikasÐa eufuoÔc kai autìmathc beltistopoÐhshc kai sqediasmoÔ diktÔou qr -

sei twn montèlwn prìbleyhc / perigraf c ESQoS/SQoS me stìqo thn beltÐwsh

thc empeirÐac qr sth (User Experience, UX).

Ed¸, proteÐnetai h suneq c epan�lhyh tou kÔklou beltistopoÐhshc me thn suqn 

enhmèrwsh twn b�sewn dedomènwn me strathgikì stìqo thn diark  beltÐwsh   Kaizen

[177].

8.2 KathgoriopoÐhsh

H kathgoriopoÐhsh (classification) eÐnai h pio gnwst  kai h pio dhmofil c teqnik 

exìruxhc plhroforÐac apì dedomèna (data mining).

'Olec oi proseggÐseic sthn ektèlesh thc kathgoriopoÐhshc proôpojètoun gn¸sh

twn dedomènwn. Sun jwc qrhsimopoieÐtai èna sÔnolo m�jhshc   ekpaÐdeushc gia

na kajorÐsei tic sugkekrimènec paramètrouc pou apaitoÔntai apì thn teqnik . Ta

dedomèna ekpaÐdeushc (training data) apoteloÔntai apì èna deÐgma dedomènwn eisìdou

kaj¸c epÐshc kai apì thn kathgoriopoÐhsh pou èqei dojeÐ se aut� ta dedomèna.

H kathgoriopoÐhsh mporeÐ na oristeÐ wc h diadikasÐa h opoÐa apeikonÐzei èna sÔ-

nolo dedomènwn se prokajorismènec om�dec. Tic om�dec autèc suqn� tic kaloÔme

kathgorÐec   kl�seic.

Arqik� ja prèpei na orÐsoume thn ènnoia thc mètrhshc   parat rhshc. ExaitÐac

tou gegonìtoc ìti h KathgoriopoÐhsh Dedomènwn efarmìzetai se mia b�sh dedomènwn,
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wc parat rhsh   mètrhsh mporeÐ na oristeÐ mia eggraf    plei�da (tuple), tx se mia

b�sh dedomènwn metr sewn.

'Etsi, orÐzoume wc mètrhsh   parat rhsh   di�nusma qarakthristik¸n   shmeÐo èna

stoiqeÐo thc b�shc dedomènwn thc opoÐac ta stoiqeÐa jèloume na kathgoriopoÐhsoume

kai sumbolÐzetai me tx.

'Estw mia b�sh dedomènwn D = {t1, t2, ..., tn} plei�dwn (stoiqeÐwn, eggraf¸n) kai

èna sÔnolo apì kathgorÐec C = {C1, C2, ..., Cm}. To prìblhma thc kathgoriopoÐhshc

eÐnai o orismìc miac apeikìnishc f : D 7→ C ìpou k�je tx topojeteÐtai se mia kath-

gorÐa. Mia kathgorÐa   kl�sh Ci, perièqei akrib¸c autèc tic plei�dec ìpou èqoun

apeikonisteÐ se aut , dhlad  Ci = {tx|f(tx) = Ci, 1 ≤ x ≤ n,∀tx ∈ D}.
H epÐlush twn problhm�twn kathgoriopoÐhshc perilamb�nei dÔo basik� b mata:

1. B ma 1: Exagwg  enìc montèlou apì thn axiolìghsh kai thn an�lush twn de-

domènwn ekpaÐdeushc. Wc eÐsodo qrhsimopoioÔntai ta dedomèna ekpaÐdeushc kai

wc èxodo mia kathgorÐa. To montèlo pou dhmiourgeÐtai eÐnai se jèsh na kath-

goriopoieÐ ta dedomèna ekpaÐdeushc me shmantik  akrÐbeia. 'An oi kathgorÐec

tou sunìlou twn dedomènwn ekpaÐdeushc eÐnai  dh gnwstèc, dhlad  to sÔnolo

twn dedomènwn ekpaÐdeushc perilamb�nei èna qarakthristikì to opoÐo deÐqnei

thn kl�sh sthn opoÐa kathgoriopoieÐtai h k�je plei�da, tìte to b ma autì lè-

getai epopteumènh m�jhsh (supervised learning). Antijèta, an oi kathgorÐec

tou sunìlou twn dedomènwn ekpaÐdeushc den eÐnai gnwstèc, tìte to b ma autì

lègetai mh epopteumènh m�jhsh (unsupervised learning - clustering).

2. B ma 2: Efarmog  tou montèlou, tou b matoc 1, gia thn kathgoriopoÐhsh plei�-

dwn thc upì exètash b�shc dedomènwn. E�n kai to deÔtero b ma sthn pragma-

tikìthta ekteleÐ thn kathgoriopoÐhsh, to montèlo èqei ulopoihjeÐ epark¸c.

Gia na lÔjeÐ to prìblhma thc kathgoriopoÐhshc up�rqoun treic basikèc mèjodoi

pou qrhsimopoioÔntai:

1. Kajorismìc twn orÐwn: H kathgoriopoÐhsh ekteleÐtai me diaÐresh tou q¸rou thc

eisìdou twn en dun�mei plei�dwn thc b�shc dedomènwn se sÔnola   diast mata

ìpou k�je sÔnolo   di�sthma sundèetai me mia kathgorÐa.

2. Qr sh katanom¸n pijanìthtac (probability distribution function, PDF): Gia

k�je kathgorÐa Ci, dÐnetai h sun�rthsh katanom c pijanìthtac P (tx|Ci) gia

thn kathgorÐa upologismènh se èna shmeÐo, tx. An h pijanìthta emf�nishc

k�je kathgorÐac P (Ci), tìte P (Ci) P (tx|Ci) eÐnai h ektÐmhsh thc pijanìthtac

h tx na an kei sthn kathgorÐa Ci.
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3. Qr sh ek twn ustèrwn pijanot twn (posterior probability): Dedomènhc miac

tim c dedomènwn tx, kajorÐzetai h pijanìthta h tx na an kei sthn kathgorÐa Cj.

Autì upodhl¸netai wc P (Ci|tx) kai kaleÐtai h ek twn ustèrwn pijanìthta.

'Ena polÔ shmantikì z thma sqetikì me thn kathgoriopoÐhsh eÐnai h uperpro-

sarmog . Sugkekrimèna, kat� thn uperprosarmog  h kathgoriopoÐhsh antistoiqeÐ

akrib¸c ta dedomèna ekpaÐdeushc kai polÔ pijanìn to endeqìmeno na eÐnai adÔnath h

efarmog  thc se eurÔtera   diaforetik� dedomèna.

8.2.1 Apìdosh thc KathgoriopoÐhshc

H epÐdosh twn algorÐjmwn kathgoriopoÐhshc exet�zetai thn ikanìthta tou montèlou

na problèpei thn kathgorÐa miac nèac perÐptwshc, dhlad  thn ektÐmhsh thc akrÐbeiac

(accuracy estimation). Endiafèron jèma apoteleÐ kai h sugkritik  axiolìghsh thc

epÐdoshc diaforetik¸n algorÐjmwn kathgoriopoÐhshc. An kai h akrÐbeia eÐnai to pio

shmantikì mètro apotÐmhshc thc apìdoshc tou algorÐjmou kathgoriopoÐhshc pou

qrhsimopoioÔme, up�rqoun kai �lla mètra sÔgkrishc ìpwc:

• Problepìmenh akrÐbeia (Predictive accuracy).

• TaqÔthta (Speed): qrìnoc kataskeu c, qr shc/efarmog c tou montèlou (kì-

stoc upologismoÔ).

• Sjenarìthta (Robustness): prìbleyh me ellip  dedomèna   dedomèna me jìrubo.

• Klim�kwsh (Scalability): apodotikìthta tou montèlou dojèntoc meg�lhc b�shc

dedomènwn.

• EukrÐneia (Interpretability): EpÐpedo katanìhshc kai gn¸sh pou parèqetai apì

to montèlo.

• Poiìthta (Goodness of rules - Quality): eÐnai h poiìthta tou montèlou, p.q. to

mègejoc tou dèndrou apìfashc.

H akrÐbeia thc kathgoriopoÐhshc sun jwc upologÐzetai me ton kajorismì tou

posostoÔ twn plei�dwn pou topojetoÔntai thn swst  kathgorÐa. Gia na ektim soume

thn akrÐbeia tou algorÐjmou kathgoriopoÐhshc up�rqoun oi ex c treic trìpoi:

1. QrhsimopoieÐtai èna sÔnolo dedomènwn arqik� gia thn ekpaÐdeush ton algorÐj-

mou kai sthn sunèqeia qrhsimopoieÐtai to Ðdio sÔnolo dedomènwn gia thn ektÐ-

mhsh thc akrÐbeiac. H epilog  aut  odhgeÐ se idiaÐtera aisiìdoxh ektÐmhsh thc

akrÐbeiac dedomènou ìti o algìrijmoc ekpaideÔetai kai axiologeÐtai par�llhla

me to Ðdio sÔnolo dedomènwn.
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2. 'Allh mèjodoc axiolìghshc epÐdoshc enìc algorÐjmou eÐnai h mèjodoc thc ka-

takr�thshc (holdout method). To diajèsimo sÔnolo dedomènwn diaireÐtai me

tuqaÐo trìpo se duo anex�rthta uposÔnola. To pr¸to men onom�zetai sÔno-

lo dedomènwn m�jhshc kai qrhsimopoieÐtai gia thn ekpaÐdeush tou algorÐjmou.

To de deÔtero kaleÐtai sÔnolo dedomènwn dokim c pou qrhsimopoieÐtai gia ton

èlegqo tou algorÐjmou kai thn ektÐmhsh thc akrÐbeiac. SunhjÐzetai na qrh-

simopoioÔntai ta 2/3 tou sunìlou dedomènwn san uposÔnolo m�jhshc kai to

upìloipo 1/3 wc uposÔnolo dokim c.

3. Tèloc, me thn teqnik  “k-fold cross validation” to arqikì sÔnolo dedomènwn

arqik� diaireÐtai se k isomegèjh uposÔnola (folds), S1, S2, ..., Sk. Oi diadikasÐec

m�jhshc kai elègqou ekteloÔntai k forèc. Sthn i-epan�lhyh, to uposÔnolo

Si apoteleÐ to uposunìlo dokim c, en¸ ta upìloipa k − 1 uposÔnola qrhsi-

mopoioÔntai gia thn m�jhsh tou algorÐjmou. Praktik�, o kat�llhloc arijmìc

epanal yewn eÐnai k = 10 (10-fold cross validation).

Gia ton skopì thc axiolìghshc thc apìdoshc enìc algorÐjmou kathgoriopoÐh-

shc ja prèpei na orisjoÔn k�poia mètra (measures) Dedomènwn miac sugkekrimènh

kathgorÐa, Ci, kai miac plei�da thc b�shc dedomènwn, tx, aut  h plei�da eÐte ja kata-

qwrhjeÐ se aut  thn kathgorÐa eÐte ìqi, en¸ sthn pragmatikìthta mporeÐ na eÐnai   na

mhn eÐnai mèloc aut c thc kathgorÐac. OrÐzetai loipìn o pÐnakac sÔgqushc   m tra

sÔgqushc (confusion matrix). Me dedomènec m = 5 kathgorÐec mia m tra sÔgqushc

eÐnai mia m×m m tra ìpou k�je kataq¸rhsh Ci,j deÐqnei ton arijmì twn plei�dwn oi

opoÐec topojet jhkan sthn kathgorÐa Cj all� twn opoÐwn h pragmatik  kathgorÐa

eÐnai h Ci. 'Opwc katalabaÐnoume, oi kalÔterec lÔseic ja èqoun mìno mhdenikèc timèc

èxw apì thn kÔria diag¸nio. 'Etsi mporoÔme na orÐsoume ta k�twji mètra:

Actual Predicted Class
Class C1 C2 C3 C4 C5

C1 Bad C11 C12 C13 C14 C15

C2 Poor C21 C22 C23 C24 C25

C3 Fair C31 C32 C33 C34 C35

C4 Good C41 C42 C43 C44 C45

C5 Excellent C51 C52 C53 C54 C55

PÐnakac 8.1: PÐnakac sÔgqushc (confusion matrix) gia thn prìbleyh poiìthtac me me-
jìdouc kathgoriopoÐhshc. To stoiqeÐo Cij eÐnai o arijmìc twn eggraf¸n thc kl�shc Ci pou
problèpontai wc kl�sh Cj .

• Alhj¸c jetikì (True Positive - TP (Ci)): to tx ektim�tai ìti an kei sthn ka-

thgorÐa Ci kai pr�gmati an kei se aut n.
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TP (Ci) = Cii (8.1)

• Yeud¸c jetikì (False Positive - FP (Ci)): to tx ektim�tai ìti an kei sthn ka-

thgorÐa Ci en¸ sthn pragmatikìthta den an kei se aut n.

FP (Ci) =
m∑
j=1
j ̸=i

Cji (8.2)

• Alhj¸c arnhtikì (True Negative - TN(Ci)): to tx ektim�tai ìti den an kei

sthn kathgorÐa Ci kai pr�gmati den an kei se aut n.

TN(Ci) =
m∑
j=1
j ̸=i

Cjj (8.3)

• Yeud¸c arnhtikì (False Negative - FN(Ci)): to tx ektim�tai ìti den an kei

sthn kathgorÐa Ci en¸ sthn pragmatikìthta an kei se aut n.

FN(Ci) =
m∑
j=1
j ̸=i

Cij (8.4)

'Etsi orÐzoume ta ex c megèjh:

• AkrÐbeia (Accuracy - ACC(Ci)): oi swstèc problèyeic sthn kathgorÐa Ci.

ACC(Ci) =
TP (Ci) + TN(Ci)

TP (Ci) + TN(Ci) + FP (Ci) + FN(Ci)
(8.5)

H sunolik  akrÐbeia tou montèlou dÐnetai apì thn sqèsh:

ACC =

m∑
i=1

Cii

m∑
i=1

m∑
j=1

Cij

(8.6)

• Rujmìc Sf�lmatoc (Error Rate - ERR(Ci)):

ERR(Ci) = 1− ACC(Ci) (8.7)
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O sunolikìc rujmìc sf�lmatoc montèlou dÐnetai apì thn sqèsh:

ERR = 1− ACC (8.8)

• EuaisjhsÐa (Sensitivity   True Positive Rate - TPR(Ci)): to posostì twn

jetik¸n eggraf¸n tx pou kathgoriopoioÔntai swst� sthn kl�sh Ci.

TPR(Ci) =
TP (Ci)

TP (Ci) + FN(Ci)
(8.9)

• True Negative Rate - TNR(Ci): to posostì twn arnhtik¸n eggraf¸n tx pou

kathgoriopoioÔntai swst� stic upìloipec kl�seic plhn thc Ci.

TNR(Ci) =
TN(Ci)

TN(Ci) + FP (Ci)
(8.10)

• False Positive Rate - FPR(Ci): to posostì twn arnhtik¸n eggraf¸n pou

kathgoriopoioÔntai l�joc (dhlad  wc jetik�).

FPR(Ci) =
FP (Ci)

TN(Ci) + FP (Ci)
(8.11)

• False Negative Rate - FNR(Ci): to posostì twn jetik¸n eggraf¸n pou ka-

thgoriopoioÔntai l�joc (dhlad  wc arnhtik�).

FNR(Ci) =
FN(Ci)

TP (Ci) + FN(Ci)
(8.12)

• AkrÐbeia (Precision - p(Ci)   Positive Predictive Value - PPV (Ci)): pìsec

apì tic eggrafèc to montèlo èqei kathgoriopoi sei wc jetik� eÐnai pragmatik�

jetik�.

p(Ci) =
TP (Ci)

TP (Ci) + FP (Ci)
(8.13)

Sunolik� gia to montèlo èqoume:

p =

m∑
i=1

TP (Ci)

m∑
i=1

(TP (Ci) + FP (Ci))

(8.14)
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• An�klhsh (Recall - r(Ci)) : pìsec apì tic jetikèc eggrafèc thc Ci kat�fere o

kathgoriopoiht c na breÐ.

r(Ci) =
TP (Ci)

TP (Ci) + FN(Ci)
(8.15)

• F mètro (F -score): eÐnai o armonikìc mèsoc (harmonic mean) twn deikt¸n r

kai p.

F (Ci) =
2rp

r + p
=

2
1
r
+ 1

p

=
2TP (Ci)

2TP (Ci) + 2FP (Ci) + FN(Ci)
(8.16)

• Eidikìthta Specificity (SPC)   True Negative Value:

SPC(Ci) =
TN(Ci)

FP (Ci) + TN(Ci)
= 1− FPR(Ci) (8.17)

• False Discovery Rate (FDR):

FDR(Ci) =
FP (Ci)

FP (Ci) + TP (Ci)
(8.18)

• Matthews Correlation Coefficient (MCC(Ci)):

MCC(Ci) =
TP × TN − FP × FN√

(TP + FP )(TP + FN)(TN + FP )(TN + FN)
(8.19)

An jewr soume ìti

T (Ci) = TN(Ci) + TP (Ci) + FN(Ci) + FP (Ci),

S(Ci) =
TP (Ci) + FN(Ci)

N(Ci)
,

P (Ci) =
TP (Ci) + FP (Ci)

N(Ci)
,

tìte:
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MCC(Ci) =

TP (Ci)
N(Ci)

− S(Ci)× P (Ci)√
P (Ci)× S(Ci)(1− S(Ci))(1− P (Ci))

(8.20)

• Stajmismènh AkrÐbeia (Weighted Accuracy (WACC(Ci))):

WACC(Ci) =
w1TP + w4TN

w1TP + w2FP + w3FN + w4TN
(8.21)

ìpou ta b�rh wi,∀i ∈ {1, 2, 3, 4} stajmÐzoun thn akrÐbeia tou montèlou. SÔm-

fwna me tic timèc twn bar¸n ton PÐnaka 8.2 mporoÔn na prokÔyoun ta megèjh

r, p, F kai ACC.

w1 w2 w3 w4

r Recall 1 1 0 0
p Precision 1 0 1 1
F -measure 2 1 1 0
ACC Accuracy 1 1 1 1

PÐnakac 8.2: PÐnakac bar¸n sthn stajmismènh akrÐbeia.

• Qarakthristik  kampÔlh en leitourgÐa dèkth (Receiver Operating Characte-

ristic, ROC): Prìkeitai gia èna gr�fhma thc euaisjhsÐac,   tou rujmoÔ twn

alhj¸c jetik¸n (TPR), wc proc tou rujmoÔ esfalmènwn jetik¸n (TNR  

1 − SPC, SPC: eidikìthta). IsodÔnama, h kampÔlh mporeÐ na anaparast sei

ton rujmì TPR wc proc ton rujmì FPR [178, 179].

8.2.2 Algìrijmoi basismènoi sthn Apìstash - Melèth

PerÐptwshc: k- Plhsièsteroi GeÐtonec

H anapar�stash miac mètrhshc, apokaleÐtai kai shmeÐo, se èna metrikì q¸ro eÐnai

èna di�nusma apì di�forec timèc twn paramètrwn thc mètrhshc ìpwc h st�jmh l -

yhc s matoc, h poiìthta tou s matoc l yhc, oi deÐktec poiìthtac fwn c, bÐnteo kai

polumèswn klp. To pl joc twn qarakthristik¸n, d aut¸n kaleÐtai di�stash tou pro-

bl matoc kai jewreÐtai stajerì gia ìlec tic metr seic, en¸ oi timèc anaparist¸ntai

me thn morf  dianÔsmatoc x = (x1, x2, ..., xd), ìpou xi ta qarakthristik�   sunte-

tagmènec miac mètrhshc. To pl joc twn metr sewn sumbolÐzetai me n, en¸ h b�sh

dedomènwn metr sewn sumbolÐzetai me D.

Mia sun�rthsh d : D ×D 7→ R kaleÐtai metrik , an isqÔoun:

1. d(x,y) ≥ 0,∀x,y ∈ D
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2. d(x,y) = 0 ⇔ x = y,∀x,y ∈ D

3. d(x,y) = d(y,x),∀x,y ∈ D

4. d(x,y) ≤ d(x,z) + d(y,z), ∀x,y, z ∈ D

Se ènan q¸ro pou èqei oristeÐ mia metrik  sun�rthsh, orÐzetai h ènnoia thc apì-

stashc duo metr sewn   shmeÐwn. H apìstash Minkowski eÐnai h pio sÔnhjhc kai

orÐzetai wc ex c:

d(x,y) =

(
d∑

k=1

|xi − yi|p
)1/p

(8.22)

Gia tic di�forec timèc thc paramètrou p orÐzontai oi metrikèc:

1. Gia p = 1, Apìstash Manhattan:

d(x,y) =
d∑

i=1

|xi − yi| (8.23)

2. Gia p = 2, h EukleÐdia Apìstash:

d(x,y) =

√√√√ d∑
i=1

|xi − yi|2 (8.24)

3. Gia p→ +∞, h Apìstash Chebyshev:

d(x,y) = max
1≤i≤d

|xi − yi| (8.25)

Stic parap�nw sunart seic mporoÔme na qrhsimopoi soume b�rh, wk ¸ste na

stajmÐsoume thn shmantikìthta twn qarakthristik¸n.

H basik  idèa aut¸n twn algorÐjmwn eÐnai ìti k�je stoiqeÐo tou sunìlou dedo-

mènwn pou apeikonÐzetai sthn Ðdia kathgorÐa jewreÐtai ìti eÐnai pio kont� se stoiqeÐa

thc Ðdiac kathgorÐac apì ìso eÐnai se stoiqeÐa ta opoÐa an koun se �llec kathgorÐec.

'Etsi, mporoÔn na qrhsimopoihjoÔn mètra omoiìthtac (  apìstashc) ¸ste na oristeÐ

h “omoiìthta” (similarity) twn diaforetik¸n stoiqeÐwn thc B�shc Dedomènwn.

Mia sun�rthsh s : D ×D 7→ R kaleÐtai metrik , an isqÔoun:

1. h s eÐnai summetrik , dhlad  s(x,y) = s(y,x),

2. 0 ≤ s(y,x) ≤ 1
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Prediction Classification 
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ESQoS

ESQoS

SQoS - ESQoS

Measurement
Campaign

Sq ma 8.2: MejodologÐa beltistopoÐhshc montèlou prìbleyhc poiìthtac basismènou sthn
kathgoriopoÐhsh.

∀x,y ∈ D.

Epiplèon, an isqÔoun

1. s(x,y)s(y, z) ≤ [s(x,y) + s(y, z)]s(x,z)

2. s(x,y) = 1 ⇔ x = y

∀x,y, z ∈ D.

tìte h sun�rthsh s kaleÐtai metrik  omoiìthtac.

H teqnik  kathgoriopoÐhshc twn k plhsièsterwn geitìnwn (k Nearest Neighbors

- KNN) basÐzetai sth qr sh mètrwn basismènwn sthn apìstash kai prìkeitai gia

thn piì gnwst  kai eureÐa qrhsimopoioÔmenh. H teqnik  KNN proôpojètei ìti to

sÔnolo ekpaÐdeushc den perilamb�nei mìno ta dedomèna all� epÐshc kai thn epijumht 

kathgoriopoÐhsh gia k�je stoiqeÐo. Autì sunep�getai ta dedomèna ekpaÐdeushc na

apoteloÔn to montèlo kathgoriopoÐhshc. 'Otan prìkeitai na gÐnei mia kathgoriopoÐhsh

gia èna nèo stoiqeÐo, prèpei na kajoristeÐ h apìstash tou apì k�je stoiqeÐo tou

sunìlou ekpaÐdeushc kai mìno oi k kontinìterec ekqwr seic sto sÔnolo ekpaÐdeushc

lamb�nontai upìyh sth sunèqeia. To nèo stoiqeÐo topojeteÐtai sthn kathgorÐa pou

perièqei ta perissìtera stoiqeÐa apì to sÔnolo twn k kontinìterwn stoiqeÐwn [180].

8.2.3 Neurwnik� DÐktua

'Ena neurwnikì dÐktuo eÐnai ènac par�llhloc katanemhmènoc epexergast c, o neur¸-

nac, pou èqei kataskeuasteÐ apì aplèc mon�dec epexergasÐac, kai apojhkeÔei empei-
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Sq ma 8.3: H dom  enìc neur¸na.

rik  gn¸sh gia na thn k�nei diajèsimh gia qr sh ìpwc parousi�zetai sto Sq ma 8.3

[181].

To neurwnikì dÐktuo mporeÐ na jewrhjeÐ san ènac kateujunìmenoc gr�foc me

kìmbouc eisìdou, kìmbouc exìdou kai eswterikoÔc (krummènouc) kìmbouc kaj¸c kai

tìxa metaxÔ aut¸n. Oi kìmboi eÐnai san anex�rthtoi neur¸nec en¸ ta tìxa eÐnai oi

sÔndesmoÐ touc. K�je ènac kìmboc (stoiqeÐo epexergasÐac) leitourgeÐ anex�rthta apì

touc �llouc kai qrhsimopoieÐ mìno topik� dedomèna (eÐsodo kai èxodo ston kìmbo)

pou kajodhgoÔn thn epexergasÐa tou. Aut  h idiìthta dieukolÔnei th qr sh twn

neurwnik¸n diktÔwn se èna katanemhmèno  /kai par�llhlo perib�llon.

'Ena montèlo neurwnikoÔ diktÔou eÐnai èna upologistikì montèlo pou apoteleÐtai

apì trÐa mèrh:

• Ton gr�fo, o opoÐoc orÐzei th dom  dedomènwn tou neurwnikoÔ diktÔou.

• Ton algìrijmo m�jhshc, pou deÐqnei me poion trìpo gÐnetai h m�jhsh.

• Tic teqnikèc an�klhshc, pou kajorÐzoun p¸c h plhroforÐa parèqetai mèsw tou

diktÔou.

'Ena neurwnikì dÐktuo eÐnai ènac kateujunìmenoc gr�foc G = {K, T } me korufèc

K = {1, 2, ..., κ} kai tìxa T = {τij, ∀i, j ∈ [1, τ ]}, me touc parak�tw periorismoÔc:

• To K qwrÐzetai se èna sÔnolo apì kìmbouc eisìdou Kin, krummènouc eswteri-

koÔc kìmbouc Kh kai kìmbouc exìdou Kout.

• Oi korufèc qwrÐzontai se str¸mata (layers) {1, 2, ..., l} me touc kìmbouc eisìdou
sto epÐpedo 1, touc kìmbouc sta krummèna epÐpeda (hidden layers) 2, ..., l − 1

kai touc kìmbouc exìdouc sto str¸ma l.

• K�je tìxo τij prèpei na èqei ton kìmbo i sto epÐpedo h− 1 kai ton kìmbo j sto

epÐpedo h.
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• To tìxo τi,j èqei san etikèta thn arijmhtik  tim  wij.

• O kìmboc i èqei gia etikèta th sun�rthsh φi.

'Ola ta tìxa èqoun b�rh, ìpou wij eÐnai to b�roc metaxÔ twn kìmbwn i kai j.

'Otan to wij eÐnai meg�lo, tìte h suneisfor� tou s matoc apì ton kìmbo i eÐnai

meg�lh kai to antÐjeto. K�je kìmboc èqei to ìnoma miac sun�rthshc (sun�rthsh

energopoÐhshc), h opoÐa deÐqnei th leitourgÐa tou kìmbou sta dedomèna pou èrqontai

mèsa apì autìn. Oi sunart seic tou str¸matoc eisìdou apl� paÐrnoun tic antÐstoiqec

timèc twn qarakthristik¸n kai tic anapar�goun stic exìdouc touc. Oi sunart seic

twn �llwn strwm�twn epiteloÔn pio polÔplokec leitourgÐec. H èxodoc k�je kìmbou

metadÐdetai se ìla ta tìxa exìdou tou kìmbou. Oi pio sunhjismènec sunart seic

energopoÐhshc eÐnai:

• H sun�rthsh b matoc (step)  katwflÐou (threshold) pou dÐnetai apì ton tÔpo

φ(S) =

1 an S > Sth

0 (  -1) an S < Sth

(8.26)

ìpou Sth to kat¸fli.

• H logistik  sigmoeid c sun�rthsh me kampÔlh kai me timèc exìdou metaxÔ -1

kai 1 (  0 kai 1) kai dÐnetai apì ton tÔpo:

φ(S) =
1

1 + e−cS
(8.27)

ìpou c eÐnai mia stajer� pou lamb�nei jetikèc timèc kai all�zei thn klÐsh thc

sun�rthshc.

• H uperbolik  efaptomenik  sun�rthsh

φ(S) = tanh (S) (8.28)

EpÐshc, up�rqei kai to grammikì montèlo neur¸na:

y =
M∑
i=1

wixi (8.29)

Ta teqnht� neurwnik� dÐktua mporoÔn na kathgoriopoihjoÔn me b�sh ton tÔpo

thc sunektikìthtac kai m�jhshc. O basikìc tÔpoc thc sunektikìthtac eÐnai proc ta

emprìc trofodotoÔmeno (feed-forward) ìpou oi sundèseic gÐnontai mìno me str¸mata
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(αʹ) GSM τηλεϕωνία

(βʹ) UMTS τηλεϕωνία

Sq ma 8.4: H dom  twn teqnht¸n neurwnik¸n diktÔwn tÔpou Multi-Layer Perceptron gia
thn prìbleyh poiìthtac fwn c basismènh sthn mèjodo thc kathgoriopoÐhshc gia (a') GSM
kai (b') UMTS kinht  thlefwnÐa.
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pou brÐskontai proc ta emprìc thc dom c tou diktÔou. Enallaktik�, èna neurwnikì

dÐktuo mporeÐ na eÐnai tÔpou an�drashc (feedback) ìpou merikoÐ sÔndesmoi eÐnai proc

ta pÐsw, dhlad  proc prohgoÔmena str¸mata.

H m�jhsh mporeÐ na eÐnai epopteuìmenh   mh epopteuìmenh.

• Epopteuìmenh m�jhsh (supervised learning) èqoume ìtan eÐnai gnwstì ek twn

protèrwn poia ja prèpei na eÐnai h epijumht  tim  thc exìdou [182].

• Mh epopteuìmenh m�jhsh èqoume ìtan h èxodoc den eÐnai gnwst  [183].

8.2.4 Dèndra Apof�shc

Ta dèndra apìfashc (decision trees) qrhsimopoioÔntai eurèwc sthn statistik , thn

exìruxh dedomènwn kai thn mhqanik  m�jhsh. 'Ena dèndro apìfashc leitourgeÐ wc

èna montèlo prìbleyhc pou antistoiqeÐ tic parathr seic gia èna mègejoc se sumpe-

r�smata gia thn tim  stìqo (target value) tou megèjouc. Enallaktikèc kalloÔntai

dèndra taxinìmhshc (classification trees)   dèndra pallindrìmhshc (regression trees).

Sth dom  dèndrou, ta fÔlla (leaves) anaparistoÔn etikètec kathgorÐac kai oi kl�doi

(branches) anaparistoÔn suzeÔxeic twn qarakthristik¸n pou odhgoÔn stic etikètec

kathgorÐac [184, 185].

An kai sthn an�lush apof�sewn (decision analysis) èna dèdro apìfashc mporeÐ

na qrhsimopoihjeÐ gia thn optikopoÐhsh kai thn austhr  anapar�stash apof�sewn

kai th l yh apof�sewn, sthn exìruxh dedomènwn, to dèntro apìfashc perigr�fei ta

dedomèna.

H m�jhsh enìc dèndrou apof�sewn (decision tree learning) eÐnai mia mèjodoc pou

èqei wc stìqo thn dhmiourgÐa enìc montèlou to opoÐo ja problèpei thn kathgìrÐa

poiìthtac empeirÐac (ESQoE) b�sei enìc sunìlou metablht¸n eisìdou. 'Ena dèndro

mporeÐ na “ekpaideuteÐ” apì thn di�spash tou arqikoÔ sunìlou dedomènwn metr sewn

(source set) se uposÔnola me b�sh mia tim  dokim c enìc qarakthristikoÔ (attribute

value test). H diadikasÐa aut  epanalamb�netai se k�je uposÔnolo pou prokÔptei me

anadromikì trìpo o opoÐoc kaleÐtai anadromik  diamèrish (recursive partioning). H

anadromik  diadikasÐa oloklhr¸netai mìlic to uposÔnolo se ènan kìmbo èqei thn Ðdia

tim  me thn tim  stìqo,   ìtan h diamèrish den prosjètei plèon timèc stic problèyeic.

'Estw sth b�sh dedomènwn metr sewn D = {t1, t2, ..., tn}, ìpou kai èstw ìti to

sq ma thc b�shc perièqei ta qarakthristik� (attributes) x1, x2, ..., xk. EpÐshc, èstw

ìti C = {C1, C2, ..., Cm} to sÔnolo kathgori¸n. To dèndro apìfashc eÐnai mia dom 

dèndrou pou susqetÐzetai me to D kai èqei tic idiìthtec:

• K�je eswterikìc kìmboc paÐrnei to tim  apì èna qarakthristikì, xi.
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• K�je kl�doc eÐnai mia majhmatik  èkfrash   èlegqoc pou mporeÐ na efarmosteÐ

sto qarakthristikì pou sundèetai me ton patèra - kìmbo.

• K�je fÔllo èqei tim  mia kathgorÐa Cj.

Ta dèndra apof�sewn mporoÔn na perigrafoÔn wc ènac sunduasmìc majhmatik¸n

kai upologistik¸n teqnik¸n pou sumb�lloun sthn kathgoriopoÐhsh enìc dosmènou

sunìlou dedomènwn. Ta dedomèna metr sewn èqoun thn ex c org�nwsh: (x, Y ) =

(x1, x2, ..., xk, Y ). JewroÔme to x perièqei tic anex�rthtec metablhtèc eisìdou,  toi

tic paramètrouc SQoS tou diktÔou, kai ìti to Y eÐnai exarthmènh metablht  stìqoc,

 toi thn poiìthta empeirÐac ESQoS twn prosferìmenwn uphresi¸n - poiìthta fwn c,

bÐnteo kai polumèswn.

Oi pio gnwstoÐ algìrijmoi gia thn dhmiourgÐa enìc dèndrou apof�sewn prot�jh-

kan apì ton Ross Quinland kai eÐnai:

• O algìrijmoc ID3 (Iterative Dichotomiser 3) [186].

• O algìrijmoc C4.51 [187].

• O algìrijmoc C5.0   See5 [188].

Sto Sq ma 8.5 parousi�zetai h dom  tou dèndrou apìfashc me efarmog  tou

algìrijmou J.48 (ulopoÐhsh tou C4.5 se Weka) gia thn prìbleyh poiìthtac fwn c

stic peript¸seic (a') GSM kai (b') UMTS thlefwnÐac basismènh sthn mèjodo thc

kathgoriopoÐhshc.

Gia thn axiolìghsh twn algorÐjmwn qrhsimopoioÔntai epiplèon dÔo mètra, h en-

tropÐa thc plhroforÐac (information entropy) kai to kèrdoc (gain) [189, 190]:

• H entropÐa qrhsimopoieÐtai gia na kajorisoume poioc kìmboc ja prèpei na

“sp�sei“ (split) peraitèrw me ton algìrijmo. H entropÐa thc plhroforÐac

upologÐzetai apì thn sqèsh:

E(S) = −
n∑

k=1

fS(xik) log2 fS(xik) (8.30)

ìpou:

E(S) : h entropÐa thc plhroforÐac enìc sunìlou S kai gia èna epilegmèno

qarakthristikì,

1Ο αλγόριθμος C4.5 έχει υλοποιηθεί στο περιβάλλον WEKA σε γλώσσα προγραμματισμού Java
και καλείται J48.
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(αʹ) GSM τηλεϕωνία

(βʹ) UMTS τηλεϕωνία

Sq ma 8.5: H dom  tou dèndrou apìfashc me efarmog  tou algìrijmou J.48 (ulopoÐhsh
tou C4.5 se Weka) gia thn prìbleyh poiìthtac fwn c stic peript¸seic (a') GSM kai (b')
UMTS thlefwnÐac basismènh sthn mèjodo thc kathgoriopoÐhshc.
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n : to pl joc twn diaforetik¸n tim¸n xik tou qarakthristikoÔ xi sto

sÔnolo S,

fS(xik) : h suqnìthta emf�nishc thc tim c xik sto sÔnolo S,

log2 : h logarijmik  sun�rthsh me b�sh 2.

Shmei¸netai ìti gia E(S) = 0, èqoume èna tèleia (qwrÐc l�jh) kathgoriopoih-

mèno sÔnolo S. 'Oso megalÔterh eÐnai h tim  thc entropÐac, tìso perissìtero

dÔnatai na beltiwjeÐ h dom  tou dèndrou apìfashc.

• To kèrdoc upologÐzetai me skopì thn ektÐmhsh tou ofèlouc apì thn di�spash

kìmbou epÐ enìc qarakthristikoÔ kai upologÐzetai apì thn k�twji sqèsh:

G(S, xi) = E(S)−
n∑

k=1

fS(xik)E(Sxi
) (8.31)

ìpou:

G(S, xi) : eÐnai to kèrdoc gia to sÔnolo S katìpin thc di�spashc epÐ tou

qarakthristikoÔ xi,

E(S) : h entropÐa plhroforÐac tou sunìlou S,

n : o arijmìc twn diaforetik¸n tim¸n tou qarakthristikoÔ xi sto S,

xik : h k-ost  pijan  tim  qarakthristikoÔ xi,

Sxik
: to uposÔnolo tou S pou perièqei ìlec tic eggrafèc me thn tim  tou

xi na eÐnai xik.

'Oso megalÔtero eÐnai to kèrdoc, tìso perissìtero èqei beltiwjeÐ h entropÐa

apì thn di�spash tou kìmbou epÐ enìc qarakthristikoÔ.

H poluplokìthta se qrìno kai q¸ro twn algorÐjmwn dèndrwn apìfashc exart�tai

apì to mègejoc twn dedomènwn ekpaÐdeushc qtr, ton arijmì twn qarakthristik¸n

nch, kai to sq ma tou dèndrou. Kaj¸c to dèndro kataskeu�zetai gia k�je èna apì

autoÔc touc kìmbouc, k�je qarakthristikì ja exetasteÐ gia na kajoristeÐ an eÐnai

to kalÔtero. Autì dÐnei mia poluplokìthta sto qrìno gia na kataskeuasteÐ to

dèndro thc t�xhc O(nchqtr log qtr). O qrìnoc kathgoriopoÐhshc miac b�shc dedomènwn

megèjouc ndb basÐzetai sto Ôyoc tou dèndrou. Upojètontac èna Ôyoc thc t�xhc

O(log qtr), autìc o qrìnoc gÐnetai O(ndb log qtr).
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8.3 Strathgik  Exìruxhc PlhroforÐac ESQoS-

SQoS

Sthn paroÔsa enìthta, proteÐnoume mia strathgik  prìbleyhc poiìthtac basismènh

katarq n ston peiramatikì exoplismì, eidik� sta sÔsthmata diaqeÐrishc b�sewn de-

domènwn metr sewn, kai sto tm ma efarmog c twn algorÐjmwn exìruxhc plhroforÐac

apì ta dedomèna twn metr sewn qr sh tou eurèwc diadedomènou logismikoÔ anoiktoÔ

k¸dika. Sthn sunèqeia, ja parousi�soume analutik� thn arqitektonik  tou sust -

matoc kai thn mejodologÐa an�lushc kaj¸c kai ta peiramatik� apotelèsmata pou

proèkuyan.

8.3.1 Arqitektonik  Sust matoc

H sumbol  thc kainotìmac èreun�c mac eÐnai h axiologhmènh prìtash efarmog c miac

eufuoÔc bajmÐdac data mining gia thn exagwg  empeirik¸n montèlwn prìbleyhc poiì-

thtac axiopoi¸ntac ta dedomèna pou sullègontai apì mia kamp�nia metr sewn ìpwc

apeikonÐzetai sto Sq ma 8.6.

To sÔsthma metr sewn en leitourgÐa diajètei èna sÔnolo apì phgèc metr sewn

(measurements sources) oi opoÐec dhmiourgoÔn roèc dedomènwn (measurements da-

ta streams/flows) se is�rijmec b�seic dedomènwn an� upologistik  suskeu  (PCM)

kat� thn di�rkeia miac kamp�niac kai efìson eÐnai energ  mia dokim  mètrhshc. Sug-

kekrimèna, oi phgèc metr sewn eÐnai ta thlèfwna dokim¸n, o gr goroc katagrafè-

ac f�smatoc GSM/UMTS kai o autìmatoc thlefwnht c   exuphretht c polumèswn

(voice/multimedia server). TonÐzetai ìti ìlec oi suskeuèc eÐnai sugqronismènec. K�-

je phg  mètrhshc dhmiourgeÐ mia ro  dedomènwn pou katagr�fetai topik� se mia b�sh

dedomènwn. Met� to pèrac thc kamp�niac metr sewn, ekteleÐtai h sÔnthxh twn dedo-

mènwn (data fusion) [191] se mia eniaÐa b�sh dedomènwn me èmfash thc sÔzeuxh twn

dedomènwn pou proèrqontai apì thn pleur� tou kinhtoÔ sust matoc mètrhshc (mobile

side, M-side)kai thn pleur� tou exuphretht  (fixed/land side, L-side).

AfoÔ dhmiourghjeÐ h kentrik  b�sh dedomènwn kai ektelestoÔn oi diadikasÐec

proepexergasÐac (preprocessing), tìte efarmìzetai h diadikasÐa thc exìruxhc plhro-

forÐac apì ta dedomèna metr sewn. Epilèqjhke, to WEKA (Waikato Environment

for Knowledge Analysis) [192] èna eleÔjero logismikì anoiktoÔ k¸dika me enswma-

twmènouc thn pleioyhfÐa twn algorÐjmwn thc mhqanik c m�jhshc [193] me antikei-

menikì skopì thc exagwg  empeirik¸n ESQoS-SQoS montèlwn m�jhshc kai prìble-

yhc. Endeiktik�, epilèqjhke h mèjodoc thc kathgoriopoÐhshc me tic teqnikèc twn

k-plhsièsterwn geitìnwn, twn neurwnik¸n diktÔwn kai twn dèndrwn apìfashc. Ta

montèla axiolog jhkan wc proc thn epÐdos c sÔmfwna me ta mètra pou proanafèr-
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Sq ma 8.6: H arqitektonik  thc strathgik c exìruxhc plhroforÐac gia thn prìbleyh
poiìthtac apì b�seic dedomènwn apì kamp�niec metr sewn.

jhkan.

8.3.2 Axiolìghsh twn Peiramatik¸n Apotelesm�twn

AntikeÐmeno melèthc kai exìruxhc plhroforÐac apotèlesan ta dedomèna metr sewn

(a') poiìthtac thlefwnÐac, ESQoSGSM
voice , se GSM dÐktua qr sei twn kwdikopoiht¸n

fwn c EFR, AMR FR kai AMR HR, (b') poiìthtac thlefwnÐac, ESQoSUMTS
voice , se

UMTS dÐktua qr sei kwdikopoiht  fwn c AMR WB, kai (g') poiìthtac polumèswn,

ESQoSUMTS
mm , binteothlefwnÐac se UMTS dÐktua.

Se f�sh proepexergasÐac, dhmiourg jhkan ta sqetik� arqeÐa eidik c morf c (At-

tribute Relation File Format, ARFF). Epilèqjhkan oi algìrijmoi kathgoriopoÐhshc:

1. k−plhsièsteroi geÐtonec (k−NN)

2. Dèndra apìfashc (algìrijmoc J48 (C4.5)),

3. Teqnht� neurwnik� dÐktua tÔpou Multi-layer Perceptron,

Oi ektim seic autèc pragmatopoi jhkan qrhsimopoi¸ntac thn mèjodo 10-fold cross

validation. Enallaktikèc mèjodoi eÐnai h qr sh sunìlou ekpaÐdeushc (training set)

epilogeÐ pou odhgeÐ se “aisiìdoxa (optimistic)” apotelèsmata. EpÐshc parèqetai sto
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Weka h mèjodoc Percentage Split kat� thn opoÐa epilègetai to posostì tou arqikoÔ

sunìlou dedomènwn pou ja qrhsimopoihjeÐ gia ekpaÐdeush kai to posostì gia dokim ,

kaj¸c kai h mèjodoc Supplied test set efìson eÐnai diajèsimo èna xeqwristì sÔnolo

gia èlegqo. 'Oson afor� thn mèjodo anaz thshc, eÐnai dunatìn na mhn efarmosteÐ

kamÐa   na efarmosteÐ h emprìsjia (forward)   ìpisjen (forward) anaz thsh. Lìgw

tou gegonìtoc ìti ufÐstatai anisokatanom  twn plei�dwn an�mesa stic kl�seic, gia

na apofeuqjeÐ lanjasmènh ekpaÐdeush tou montèlou, up�rqei h dunatìthta epanalam-

banìmenhc deigmatolhyÐac twn dedomènwn ekpaÐdeushc me kajorismì thc paramètrou

biastoUnifornclass tou fÐltrou resample.

Sthn perÐptwsh tou algorÐjmou basismènou sthn apìstash k−NN, eÐnai dunat  h

diereÔnhsh twn apotelesm�twn gia pl joc geitìnwn apì 1 èwc 10. Sth perÐptwsh twn

kataskeu c twn neurwnik¸n diktÔwn dÔnatai na gÐnei axiolìghsh twn apotelesm�twn

gia diaforetikèc timèc twn paramètrwn ìpwc pl joc kruf¸n neur¸nwn (hidden la-

yers), rujmoÔ ekpaÐdeushc (learning rate) kai arijmoÔ epanal yewn (training times).

Sto Sq ma 8.7 parousi�zetai h sugkritik  axiolìghsh thc apìdoshc algorÐjmwn

kathgoriopoÐhshc gia thn ektÐmhsh thc poiìthtac fwn c, ESQoSGSM
voice , se GSM dÐktua

epikoinwni¸n qr sei kwdikopoiht¸n fwn c EFR, AMR FR kai AMR HR. 'Omoia sto

Sq ma 8.8 apeikonÐzetai h apìdosh twn algorÐjmwn gia thn ektÐmhsh thc poiìth-

tac fwn c, ESQoSUMTS
voice , se UMTS dÐktua epikoinwni¸n qr sei kwdikopoiht  fwn c

AMR WB.

Sthn perÐptwsh thc binteothlefwnÐac UMTS, sto Sq ma 8.9 sugkentr¸nontai ta

apotelèsmata twn algorÐjmwn gia thn ektÐmhsh thc poiìthtac bÐnteo, ESQoSUMTS
video .

Tèloc, sto Sq ma 8.10 apotim�tai ektÐmhsh thc poiìthtac polumèswn, ESQoSUMTS
mm .

Ed¸ epishmaÐnetai ìti sthn perÐptwsh ektÐmhshc thc poiìthtac bÐnteo h apìdosh twn

algorÐjmwn eÐnai sqetik� qamhl  se sqèsh me thn ektÐmhsh thc poiìthtac fwn c.

Se antÐjeth perÐptwsh, h ektÐmhsh thc poiìthtac polumèswn eÐnai sqetik� kal  diìti

upeisèrqetai ston upologismì kai h poiìthta fwn c.

8.4 SÔnoyh KefalaÐou

SunoyÐzontac, sto parìn kef�laio ègine mia parousÐash thc efarmog c teqnik¸n thc

Exìruxhc Dedomènwn   Exìruxhc Gn¸shc Poiìthtac apì Dedomèna Metr sewn, eidi-

kìtera de parousi�sthkan oi teqnikèc kathgoriopoÐhshc ìpwc ta dèndra apof�sewn,

oi k-plhsièsteroi geÐtonec, ta teqnht� neurwnik� dÐktua en¸ ègine anafor� kai se �l-

lec prohgmènec mejìdouc. Pragmatopoi jhke axiolìghsh thc epÐdoshc twn mejìdwn

me peiramatikèc metr seic kai sugkentr¸nontai ta sqetik� apotelèsmata.

Sta plaÐsia thc èreunac pou ekpon jhke anakoin¸jhke h ergasÐa [194] se sunè-
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Sq ma 8.7: Apìdosh algorÐjmwn kathgoriopoÐhshc gia thn ektÐmhsh thc poiìthtac fw-
n c, ESQoSGSM

voice , se GSM dÐktua epikoinwni¸n qr sei kwdikopoiht¸n fwn c EFR, AMR
FR kai AMR HR.

Sq ma 8.8: Apìdosh algorÐjmwn kathgoriopoÐhshc gia thn ektÐmhsh thc poiìthtac fw-
n c, ESQoSUMTS

voice , se UMTS dÐktua epikoinwni¸n qr sei kwdikopoiht  fwn c AMR WB.
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Sq ma 8.9: Apìdosh algorÐjmwn kathgoriopoÐhshc gia thn ektÐmhsh thc poiìthtac bÐ-
nteo, ESQoSUMTS

video , thc uphresÐac binteothlefwnÐac se UMTS dÐktua epikoinwni¸n.

Sq ma 8.10: Apìdosh algorÐjmwn kathgoriopoÐhshc gia thn ektÐmhsh thc poiìthtac
polumèswn, ESQoSUMTS

mm , thc uphresÐac binteothlefwnÐac se UMTS dÐktua epikoinwni¸n.
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drio, en¸ h ergasÐa [195] eÐnai se st�dio upobol c kai krÐshc. EÐnai �xio èreunac

h eic b�joc diereÔnhsh twn paramètrwn (rujmìc m�jhshc, mèjodo anaz thshc, pl -

joc geitìnwn, pl joc kruf¸n neur¸nwn, pl joc epanal yewn m�jhshc k.a.) pou

ephre�zoun thn epÐdosh twn algorÐjmwn pou melet jhkan. EpÐ tou parìntoc h trè-

qousa èreuna epikentr¸netai sthn diadikasÐa m�jhsh thn axiolìghsh twn bèltistwn

montèlwn m�jhshc antÐstoiqa. Sugkekrimèna, eÐnai proc kajorismì èna antiprosw-

peutikì sÔnolo ekpaÐdeushc kai elègqou ¸ste na parousi�zei isokatanom  h poiìthta

fwn c/bÐnteo. Dieureun�tai epÐshc h aÔxhsh twn kathgori¸n,   h dhmiourgÐa upo-

kathgori¸n Cj
i , ¸ste na ektimhjeÐ h epÐdosh se kalÔterh klÐmaka, l.q. melet�tai h

dhmiourgÐa 5 upokathgori¸n an� kathgorÐa, dhlad  sunolik� 10 upokathgorÐec.

�
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Kef�laio 9

Sumper�smata

Sto parìn Kef�laio parousi�zontai sunoptik� ta sumper�smata, oi kainotomÐec kai

h sumbol  thc èreunac sto antikeÐmeno tou qarakthrismoÔ kai prìbleyhc poiìthtac

se sugqronwn dÐktua epikoinwni¸n eureÐac z¸nhc.

9.1 SÔnoyh Sumperasm�twn - KainotomÐec thc

Didaktorik c Diatrib c

Sta plaÐsia ekpìnhshc thc Didaktorik c Diatrib c, ègine jewrhtik  kai peiramatik 

melèth epÐ twn mejìdwn kai teqnik¸n metr sewn qarakthrismoÔ kai montèlwn prì-

bleyhc poiìthtac uphresÐac kai empeirÐac qr sth se en leitourgÐa sÔgqrona dÐktua

kinht¸n epikoinwni¸n. Oi kainotomÐec kai ta sumper�smata thc didaktorik c diatrib c

sunoyÐzontai sta ex c shmeÐa:

• 'Egine ekten c melèth twn ufist�menwn susthm�twn kinht¸n epikoinwni¸nGSM,

UMTS, HSPA (HSDPA/HSUPA), kaj¸c kai twn prohgmènwn susthm�twn

LTE/LTE Adv.

• Melet jhkan jèmata thlepikoinwniak c kÐnhshc me stìqo thn analutik  monte-

lopoÐhsh enìc kinhtoÔ polumesikoÔ diktÔou.

• Melet jhkan oi ìroi empeirÐac qr sth, poiìthtac empeirÐac kai eidikìtera oi

krÐsimoi deÐktec kai oi ufist�menoi algìrijmoi qarakthrismoÔ poiìthtac twn

uphresi¸n:

– Poiìthta Kinht c ThlefwnÐac,

– Poiìthta EikonothlefwnÐac kai PolumesikoÔ BÐnteo,
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– Poiìthta pareqìmenwn uphresi¸n diktÔou (ìpwc plo ghsh sto diadÐktuo,

metafor� arqeÐwn, hlektronikì taqudromeÐo).

• Parousi�zetai o ergasthriakìc exoplismìc pou qrhsimopoi jhke gia tic me-

tr seic twn susthm�twn. Shmantikì sthn ektèlesh twn metr sewn eÐnai h

leptomer c parametropoÐhsh thc di�taxhc, h bajmonìmhsh twn epimèrouc tmh-

m�twn (kerai¸n kai termatik¸n suskeu¸n metr sewn) kai o kajorismìc twn

dokim¸n/senarÐwn metr sewn.

• Efarmìsthkan statistikèc mèjodoi an�lushc kai ex�qjhkan nèa montèla gia

touc deÐktec epÐdoshc.

• Qrhsimopoihj kan upologistikèc mèjodoi an�lushc basismènec sthn exìruxh

plhroforÐac, ta teqnht� neurwnik� dÐktua, ta dèndra apof�sewn kai thn asaf 

logik  kai proèkuyan nèa jewrhtik� kai empeirik� montèla upologismoÔ twn

paramètrwn aut¸n.

• Qrhsimopoi jhke gia pr¸th for� sth bibliografÐa h teqnik  thc eÔrwsthc

beltistopoÐhshc se dedomèna poiìthtac uphresÐac.

9.2 Prot�seic gia Mellontik  'Ereuna

• DiereÔnhsh kai prìtash nèwn deikt¸n epÐdoshc kai qarakthrismoÔ thc poiìth-

tac empeirÐac antilambanìmenhc apì ton qr sth gia nèec uphresÐec ìpwc tris-

di�stato polumesikì ulikì, (3D Web Browsing, 3D TV, 3D Video Streaming,

Social Networks, Peer-to-peer Services) kaj¸c kai se dhmofileÐc efarmogèc twn

termatik¸n suskeu¸n (Android Applications).

• Ektèlesh ektetamènwn peiramatik¸n metr sewn twn diktÔwn kinht¸n epikoi-

nwni¸n dedomènou ìti nèec teqnologÐec prìsbashc uiojetoÔntai apì touc th-

lepikoinwniakoÔc parìqouc. 'Amesa, krÐnetai skìpimh h axiolìghsh dhmìsiwn

diktÔwn LTE. Prot�seic nèwn mejodologi¸n beltistopoÐhshc kai sugkritik c

axiolìghshc (benchmarking) twn susthm�twn epikoinwni¸n basismènec sthn

diexagwg  epÐ tw pedÐw metr sewn. IdiaÐtero endiafèron prokÔptei gia thn a-

xiolìghsh nèwn susthm�twn asÔrmathc prìsbashc pou ulopoioÔn autìmath or-

g�nwsh kai beltistopoÐhsh (Self Organizing and Optimizing Networks, SON)

• An�ptuxh nèwn prohgmènwn statistik¸n kai upologistik¸n montèlwn prìble-

yhc poiìthtac gia ìlec tic uphresÐec. ProteÐnetai h melèth twn mhqan¸n dianu-

sm�twn upost rixhc (Support Vector Machines, SVMs) kai twn auto-organ¸menwn
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qart¸n (Self-Organizing Maps, SOMs) wc algorÐjmouc mhqanik c m�jhshc. E-

piplèon, èna nèo ereunhtikì pedÐo eÐnai h exìruxh plhroforÐac apì polumèsa

(Multimedia/Ubiquitous Data Mining).

• An�ptuxh eidik¸n mejodologi¸n (auto)bajmonìmhshc twn diat�xewn tou peira-

matikoÔ exoplismoÔ.

• Melèth kai an�ptuxh sust matoc exoikonìmhshc kai diaqeÐrishc hlektrik c i-

sqÔoc gia egkat�stash tou exoplismoÔ metr sewn se ìqhma ubridik c teqno-

logÐac (Green Drive Testing) me skopì th meÐwsh ekpomp c aerÐwn rÔpwn.

• Melèth thc poiìthtac empeirÐac tou qr sth se dedomènec efarmogèc thlemati-

k c kai thle-elègqou ìpwc thle-iatrik , thle-ekpaÐdeush, eufu¸n susthm�twn

metafor�c (Intelligent Transportation Systems), eufu¸n hlektrik¸n diktÔwn

(Smart Grid) k.a..

• An�ptuxh exoplismoÔ basismèno se enswmmatwmèno ulikì kai logismikì (em-

bedded system) kaj¸c kai katanemhmènhc arqitektonik c (distributed system)

gia thn mètrhsh kai parakoloÔjhsh epÐdoshc kinht¸n diktÔwn pollapl¸n te-

qnologi¸n radioprìsbashc.

• An�ptuxh diktuokentrikoÔ plhroforiakoÔ kai gewgrafikoÔ sust matoc prì-

sbashc kai enhmèrwshc tou koinoÔ kai ton parìqwn se plhroforÐa poiìthtac

uphresi¸n pareqìmenwn apì dÐktua kinht¸n epikoinwni¸n.

• An�ptuxh prosarmostik¸n mejodologi¸n qrèwshc (QoE adaptive charging sy-

stems) kinht¸n uphresi¸n basismènwn sthn poiìthta empeirÐac qr sth.

• An�ptuxh prwtotÔpou gia thn mètrhsh poiìthtac empeirÐac tou qr sth se ki-

nhtec doruforikèc kai stratosfairikèc epikoinwnÐec (DVB-SH, HAP Commu-

nications k.a.).

KleÐnontac, parajètontai duo parart mata:

• H BibliografÐa pou melet jhke kat� thn di�rkeia thc èwc t¸ra èreunac.

• H lÐsta me tic Ereunhtikèc ErgasÐec pou èqoun upoblhjeÐ se episthmonik�

periodik� kai sunèdria me krÐsh. EpÐshc trèqonta apotèlesmata thc èreunac

brÐskontai sto st�dio thc proetoimasÐac kai upobol c se diejn  ègkrita perio-

dik�.

�
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[146] I. Pólik, T. Terlaky, and Y. Zinchenko, “SeDuMi: a package for conic opti-

mization.” in IMA Workshop on Optimization and Control, 2007.

[147] D. P. Bertsekas, Dynamic Programming and Optimal Control, Vol. I, 3rd ed.

Athina Scientific, Nashua, US, 2005.

[148] ——, Dynamic Programming and Optimal Control, Vol. II, 3rd ed. Athina

Scientific, Nashua, US, 2007.

[149] C. N. Pitas, A. G. Fertis, A. D. Panagopoulos, and P. Constantinou, “Robust

Optimization in Non-Linear Regression for Speech and Video Quality Predic-

tion in Mobile Multimedia Networks,” Operations Research Proceedings 2011,

Springer, vol. XVI, 2012.

[150] ——, “End-to-End Multimedia Quality Estimation with Robust Optimization

in Real-World Mobile Computing Networks,” to be submitted for review, IEEE

Trans. on Mobile Computing.

[151] D. Birkes and Y. Dodge, Alternative Methods of Regression. John Wiley &

Sons, Inc., 1993.

[152] D. Bates and W. D.G., Nonlinear Regression Analysis and Its Applications.

John Wiley & Sons, Inc., 1988.

[153] E. Uusipaikka, Confidence Intervals in Generalized Regression Models. Taylor

& Francis Group, LLC, 2009.

210 Qar�lampoc N. P tac - Didaktorik  Diatrib 



BibliografÐa

[154] J. Marques de Sa, Applied Statistics Using SPSS, STATISTICA, MATLAB

and R. Springer-Verlag Berlin Heidelberg, 2007.

[155] MATLAB, Statistics Toolbox: Linear and Non-Linear Modeling, The

MathWorks, Inc. [Online]. Available: http://www.mathworks.com/products/

statistics

[156] STATISTICA, Data Mining Software, Statistical Analysis, Predictive

Analytics, Credit Scoring, StatSoft Company. [Online]. Available: http:

//www.statsoft.com/

[157] SPSS, Statistics, Modeler, Data Collection, IBM Corporation. [Online].

Available: http://www.ibm.com/software/analytics/spss/

[158] G.J. Klir and B. Yuan, Fuzzy Sets and Fuzzy Logic: Theory and Applications.

Prentice Hall, 1995.

[159] L.A. Zadeh, “Fuzzy Sets,” Information and Control, vol. 8, 1965.

[160] ——, “Toward a Theory of Fuzzy Systems,” Aspects of Network and System

Theory, New York: Rinehart and Winston, pp. 469–490, 1971.

[161] ——, “Outline of a New Approach to the Analysis of Complex Systems and

Decision Processes,” IEEE Trans. on Systems, Man, and Cybernetics, vol. 3,

no. 1, pp. 28–44, 1973.

[162] ——, “The Concept of a Linguistic Variable and Its Application to Approxi-

mate Reasoning, Parts: I, II, III,” Information Sciences, vol. 8, pp. 199–249,

1975.

[163] ——, “Fuzzy Logic = Computing with Words,” IEEE Trans. on Fuzzy Sys-

tems, vol. 4, no. 2, pp. 103–111, 1996.

[164] C. Karr, “Genetic Algorithms for Fuzzy Controllers,” AI Expert, vol. 6, pp.

26–33, 1991.

[165] L.A. Zadeh, “Fuzzy Logic, Neural Networks, and Soft Computing,” Commun.

ACM, vol. 37, no. 3, pp. 77–84, Mar. 1994.

[166] J.-S. R. Jang, “ANFIS: Adaptive-Network-based Fuzzy Inference System,”

IEEE Trans. on Systems, Man and Cybernetics, vol. 23, no. 3, pp. 665 –685,

May/Jun 1993.

Qar�lampoc N. P tac - Didaktorik  Diatrib  211



BibliografÐa

[167] MATLAB, Fuzzy Logic Toolbox, The MathWorks Inc. [Online]. Available:

http://www.mathworks.com/help/toolbox/fuzzy/

[168] C. N. Pitas, D. E. Charilas, A. D. Panagopoulos, and P. Constantinou, “Adap-

tive Neuro-Fuzzy Inference Models for Speech and Video Quality Prediction

in Real-World Mobile Networks,” Wireless Communications Magazine, IEEE,

2012.

[169] C. N. Pitas, D. E. Charilas, A. D. Panagopoulos, P. Chatzimissios, and P.

Constantinou, “ANFIS-based Quality Prediction Models for AMR-Telephony

in Public 2G/3G Mobile Networks,” in Proc. IEEE Global Communications

Conference, Dec. 2012.

[170] H. Koumaras, A. Kourtis, C.-H. Lin, and C.-K.Shieh, “End-to-End Prediction

Model of Video Quality and Decodable Frame Rate for MPEG Broadcasting

Services,” Advances in Networks and Services, vol. 1, no. 1, pp. 19 –29, 2008.

[171] A. Khan, L. Sun, and E. Ifeachor, “Learning Models for Video quality Pre-

diction over Wireless Local Area Network and Universal Mobile Telecommu-

nication System Networks,” Communications, IET, vol. 4, no. 12, pp. 1389 –

1403, Aug. 2010.

[172] ——, “QoE Prediction Model and its Application in Video Quality Adaptation

over UMTS Networks,” IEEE Trans. on Multimedia, vol. 14, no. 2, pp. 431

–442, Apr. 2012.
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axiolìghsh (Benchmarking) twn diktÔwn radioprìsbashc kai twn uphresi¸n kinht¸n epikoi-
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forik c sth DioÐkhsh kai thn OikonomÐa, kai sto Tm ma TeqnologÐac Plhroforik c kai
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