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AHHOTAUA

enmsto maHHON pPabOTHI SIBISUIACH pa3pabOTKa METOMWKH OIMEHKH A((EKTUBHOCTH TIEpeIavH
MYJbTUMEIUNAHBIX JAHHBIX Ha OCHOBE COBOKYIIHOTO aHajn3a MapaMeTPOB OICHKH KayecTBa
MYJbTUMEAUHHBIX JAaHHBIX C TOUKH 3pEHHS JBYX IOAXOJ0B: 0a3HpysCh Ha MapaMeTpax KauecTBa
obcyxuBaaus cetn (ot anri. Quality of Service, QoS) u 6a3upysch Ha aHamM3e MMapamMeTpPOB
3aKOMPOBAHHOTO MYJIbTHMEANIHOTO KOHTeHTa (oT anria. Quality of Experience, QoE).
Pazpaborannast MeTonnka oleHKH 3GPEKTHBHOCTH MepeJadd MyJIbTHMEAUIHOTO TIOTOKa TpedyeT
noJHbIl Habop uHpopManuy 00 MCXOAHOW IOCIIEAOBATEIBHOCTH MYJIbTHUMEAMNHHBIX JaHHBIX.
Oco0eHHOCTRIO pa3pabOTaHHON METOAWKH SIBISIETCS TO, YTO CBEPTKA OTIENFHBIX ITOKa3aTesel
3G GEKTHBHOCTH HE MPOBOJIWIIACH B BHIy CIOKHOCTH MHTEpIIpeTaluy o0Ilero mokasatens. Bee
paccMOTpEeHHBIE B METOJJMKE METPUKH SIBIISTIOTCSI paBHO3HAYHBIMU. B pamkax qaHHON pabOTHI LIS
oueHKH 3()(EKTUBHOCTH NepeAadd MYJIbTHUMEAWNHHBIX HAHHBIX IPEUIOKEHO HCIIOIb30BaTh
KOJINYECTBO HpepI)IBaHI/If/'I BOCITPOU3BCACHUSA My.]'IbTI/IMeILI/II\/'IHOFO IIOTOKa, BpEMA MNpHucMa-
nepeaady, BapHaLMIO 3a1ePKKH, KAYeCTBO MYJIbTUMEIUNHBIX TaHHBIX HA IPUHUMAIOLIEH CTOPOHE
B XapaKTEPUCTHKE NMHMKOBOIO OTHOLICHMS CHUTHANA K IIyMy, a TaKKe KOJIMYECTBO IEPEXOJO0B
KauecTBa MYJNBTHUMEIUHHOTO TIOTOKA TIIPH TIeperade B TeTepOreHHOHW OecrpoBOIHOM
KOMIIBIOTEPHOM CETH.

KiroueBble cioBa: oneHka 3 (heKTUBHOCTH; MyJIbTUMEIUIHBIE TaHHbIE; KAYECTBO O0JTy>KUBAHUS
CeTH; Ka4eCTBO BOCIPHUSITHS.

UDC 004.051
Pakulova E.A. EFFICIENCY ESTIMATION TECHNIQUE FOR MULTIMEDIA DATA
Ryndin A.V. TRANSMISSION

Southern Federal University, 105/42 Bolshaya Sadovaya St., Rostov-on-Don, 344006, Russia
e-mail: epakulova@sfedu.ru, artem_ryndin@mail.ru

Abstract

In the present work, we develop the efficiency estimation technique for multimedia data
transmission, which is based on the common analysis of Quality of Service (QoS) and Quality of
Experience (QoE) parameters. The proposed technique demands the full set of information of initial
multimedia sequence. The main feature of the proposed technique is the absence of contraction of
several parameters of efficiency because of the complexity of the interpretation of the common
efficiency value. The considered in this work efficiency parameters are equal. In this work, it is
proposed to use the following parameters for efficiency estimation of multimedia data transmission:
playback interruptions, round-trip time, jitter, video quality evaluation metric in terms of PSNR
and video quality transitions.

Keywords: Efficiency estimation; multimedia data; Quality of Service; Quality of Experience.

BBEJ/IEHHUE
Onenka >pGEeKTUBHOCTH Tepefadd MYJIbTUMEAUWHBIX TaHHBIX SIBJISETCS HETPUBUAIBHOW 3a/1aveid,
T.K. YHU(UIMPOBAHHOTO TOJXOJa K €€ pelleHHI0 He cyulecTByeT. Kak mpaBuio, JaHHas OIEHKA
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OasupyeTcsl Ha aHalM3€ Ka4ecTBA IOJYYEHHBIX JaHHBIX Ha IPUEMHON CTOPOHE HAa OCHOBE HEKOTOPBIX
CTaTUCTUYECKHUX JIAaHHBIX O HUX 32 ONPEJCICHHbBINA TPOMEKYTOK BpeMeHHu [15].

Llenpto naHHOM paboTHI sBIsIACh pa3pabOTKa METOAWKH OLEHKH 3(P(PEKTUBHOCTH IEpeaadu
MYJIbTUMEJMIHBIX JaHHBIX Ha OCHOBE COBOKYIIHOIO AaHAJM3a NAapaMETPOB OLEHKH KadyecTBa
MyJbTUMEIMMHBIX JaHHBIX C TOYKH 3pEHUsS JBYX IIOJXOJOB: 0a3upysICh Ha IMapaMmeTrpax KadecTBa
obcnmyxxuBanusi cetu (oT anri. Quality of Service, QoS) m 06a3upysch Ha aHaiIHM3€ MapaMeTPOB
3aKOAMPOBAHHOTO MYJIbTUMEAUNHOTO KOHTeHTa (0T anri1. Quality of Experience, QoE).

Bonpiias yacTb METOAMK OLEHKHM KauecTBa MYJbTUMEINUHBIX JTaHHBIX Ha OCHOBE mapaMmeTrpoB QoS
OCHOBBIBACTCS Ha M3MEPEHUHU TapaMETPOB CETH M MPU3BAHBI 00ECIEYUTh KOHTPOJIbh YPOBHS KauecTBa
MPWIOKEHUHN KakK JJI IPOBOJAHBIX, TaK U OECTIOPOAHBIX KOMITBIOTEPHBIX CUCTEM Iepenayu u o0paboTKu
MYJIbTUMEIUMHBIX AaHHBIX [18].

Haubonee nonynsipHbIMU METPUKAMHU TSI OLICHKU KadecTBa 1o QoS sBISAI0TCA:

— BpeMs IpHUeMa-Iepesaud — BpeMsl, 3aTPaueHHOE Ha OTIPABKY IMAKeTa I €ro MOJIy4EeHHUs, IUIH0C
BpeMs1, HEOOXO0IUMOe JIJIsl TOATBEPKACHHUS O €T0 MOIyUCHHH;

— Bapuanus 3aJepKKu — pa3dpoc BpeMeHHU IPUX0/1a TaKETOB OT CPEIAHETO;

— K03 PHIHEHT MOTEePh MAKETOB — MPOLEHT MOTEPh MAKETOB OT OOMIETO YHCIa OTIIPABICHHBIX.

B [19] Obuto mokaszaHo, 4TO MOTEpU KadecTBa MYJbTHMEIUHHBIX MaHHBIX Ha 80% 0OYCIOBICHBI
NOTEePSIMU TAaKETOB U TOoNbKO Ha 20% Bapuanueit 3aaepxku. [loaTomy ko3dduiMeHT norepp makeToB
MO>XHO TaK)X€ MCIOJb30BaTh M I OIEHKH KayeCTBa MPHUHSITOTO PEIICHHUs, TOCKOIbKY MOTEps MaKETOB
HEIMOCPEJICTBEHHO BIHUSET HAa KaYeCTBO BOCIPOU3BOAMMOTro Motoka. C Apyroil cTOpoHbI, KO3PPHUIHEHT
MOTEPh MAKETOB XapaKTePU3YeT MJIOTHOCTD JIaHHBIX B KAJpPE M HE YUUTHIBAECT KOHTECHT MYJIbTUMEINITHBIX
JIaHHBIX [4].

OueHkY Ha OCHOBE KOHTEHTa 0a3UpyIOTCs Ha aHAJIN3€ 3aKOAUPOBAHHOTO MYJIbTUMEINHHOIO KOHTEHTa
U MOTYT OBITh CKOH(UTYPHUPOBAHBI TaK, YTOOBI OMPENEIUTh KAueCTBO MPHUHATHIX MYIbTUMEIUNHBIX
JAHHBIX Ha YPOBHE MPHUJIOKEHUM, UCIIONB3Ys pa3nuuHbie MeTpukd QOE OT MpoCThIX cXeM CpaBHEHHS
MUKCEJIeW KAapTUHKU MEXJy HMCTOYHUKOM M MOJydareieM, 10 HHTEIPUPOBAHHBIX OLICHOK KadecTBa
MYJIbTUMEANINHBIX JaHHBIX [14].

Ha naHHBI MOMEHT MpEANio’KEeHO JOBOJIHHO OONBIIOE KOJIMYECTBO MOJIXOJOB K aHAIM3Y KauecTBa
MYJIBTUMEIMIHBIX JaHHBIX Ha ocHOBE QOE [9, 11, 13], oqHako 10 cux mop HeT YHUDHUITMPOBAHHOTO Habopa
METPUK, KOTOpble HEoOXoAMMO OpaTh BO BHHMMaHHe. B o0O0mem ciydae pa3iuydaioT MOAXOIbI,
XapaKTepU3yIoIIHecs: KOJIMYECTBOM JIOCTYITHOM MH(pOpMaIuu Ul aHallu3a KauecTBa. Tak BBIACISIOT TPU
KJlacca TakuxX TmoaxonoB. IlepBeIii kiacc XapakTepu3yercs TMOJHBIM HaOOpoM HWHGOpMALUU O
nepeaaBaeMoy MOCIeq0BAaTENbHOCTH MYJIbTUMEIUMHBIX TAHHBIX Ha CTOPOHE OTIIpaBUTENs. BTOpoi kitacc
XapaKTepu3yeTrcss OTCYTCTBMEM Kakoh-mubo wuHpopmanuu 00 UCXOAHON TMOCIEI0BATEIbLHOCTH
MYJIbTUMEIMIHBIX JaHHBIX. TpeTuit Kiacc o0yanaeT HEeKOTOpor uHbopMaIreil 00 mocaea0BaTeIbHOCTH
MYJIbTUMEIMIHBIX JaHHBIX, HO B MEHBIIIEM KOJIMYECTBE, YEM MEPBHIi kiacc [14].

Onenka QoE sBisiercs HeTpuBHaIbHOW 3ajauei, IMOCKOJIbKY Yy KaXJO0ro MOJb30BaTelsi CBOU
MIPEICTABICHUS O JKETAEMOM KaueCTBE BOCIPOM3BOJMMOIO MYJIbTUMEIUUHOIO MOTOKA. OLIEHKa TaHHOTO
napamMerpa SBJISETCS CaMOJIOCTATOYHOM 00JIaCThIO HAYKHU C OOJIBIIUM KOJIMYECTBOM BOIIPOCOB [2].

MynbTUMEINIHbIE TPUIOKEHUS, B OCOOCHHOCTH PEaTbHOIO0 BpPEMEHH, OYEHb UYBCTBUTENIBHBI K
napaMerpam ceTH. 3a/Iep>KKH IMaKeTOB MOBBIIIAIOT 3aJIEPKKY BOCIIPOU3BEACHUSI TOTOKA, a TOTEPH [1aKETOB
MOTYT IPHUBECTH K AeTrpaJalliy KauyecTBa Ha MpUHUMaroliei ctopone. [1moxas npou3BoAUTETbHOCTh CETH,
B oco0eHHoCTH Kojebanus QoS, yacto sBisiercs npuanHou mmoxoi QoE [1, 3, 7].

OnHako OlEHKa KayecTBa MPHUHATHIX MYJIbTUMEIUWHBIX JAHHBIX, B OCHOBY KOTOPBIM JIETJIH
napameTpsl QoS, He JaeT peaJbHOro MpPEeACTaBICHUs 00 YIOBJIETBOPEHHOCTH MoJib3oBarens. s aTux
1esei mpeanoKeHbl METO/Ibl OIIEHKH YAOBIETBOPEHHOCTH NoJib3oBaTesst Ha ocHoBe QOE [1, 7]. C apyroi
CTOpPOHBI, B [5] ObUIO TMOKa3aHO, YTO eciM oOleHKa kadectBa Ha ocHoBe QOE m QoS mpoBoasrtcs
OJTHOBPEMEHHO, TO PE3yJIbTAaThl CKOpee Bcero OyayT cpaBHUMBIL. Tak, MeToaukn orieHoK QoS u QoE tecHo
B3aUMOCBSI3aHBI.
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METOIIHKA OLUEHKH 3®®EKTHBHOCTH ITEPEJAYH MYJIb TUME/THHHBIX
JAAHHBIX

Pa3paborannas meroauka Oazupyercs Ha cTaTUCTMUeCKOM aHanu3e mnapameTpoB QoS u QoE 3a
HEKOTOPBIA MPOMEXYTOK BpeMeHHu. [Ipeamomnaraercsi, 4to i oueHKd 3(PGEKTUBHOCTH Iepeadyu
MYJIbTUMEAMIHOTO TOTOKAa MMEETCs MOJHBIA Habop mHpopManmuu 00 MCXOAHOW IMOCIEAOBATEIHLHOCTH
MYyJIbTUMEAUMHBIX JaHHBIX. OCOOEHHOCTHIO pa3pabOTaHHONW METOAMKHU SIBISIETCS TO, 4YTO CBEpPTKa
OTJENBHBIX MOKa3aTesell 23(pPEeKTUBHOCTH HE MPOBOAMIACH B BHLY CJIOXKHOCTH MHTEPIPETALUU OOILIEro
noka3zarens. Bce paccMOTpeHHbBIE B METOAMKE METPUKU SIBIISIIOTCS PABHO3HAYHBIMH.

B ob6mem ciydae, Ha ocHOBE MH(pOpPMAIMK, UMEIOIICHCS HA CTOPOHE OTIPABHUTENS M IMOTydaTes,
BO3MOXXHO MOJYYUTh CTaTHCTUKY O CpeIHEHl Bapualuu 3aJepKKH IpH Iepenadye, CPpeAHEM BpPEMEHH
pueMa-nepesadyl, KOJIM4ecTBE MOTEPh MpU IEpeade, a TAKKe O CPEIHEM pa3MEpe XapaKTepUCTUKU
MUKOBOTO OTHOILIEHUSI CUTHaja K Iymy (aHri. peak signal-to-noise ratio, PSNR) MynbTumMeauitHbix
JAHHBIX.

Kpowme Toro, nns 3amay agantauuu MyJabTUMEIUWHBIX TaHHBIX B T€TEPOreHHON OeCpoBOIHOM CeTH
HE00XO0JMMO pacCMOTPETh KOJIMUECTBO IEPEXO0JI0B KAUECTBA IIPU IIepejaue MyIbTUMEINHHOT0 OTOKA KaK
OJIMH U3 apaMeTPOB OIICHKU KayecTBa MPEAI0KEHHOTO PEIICHHUS.

CrouT 3aMETUTh, YTO O] IEPEXOIOM KaueCTBa MYJIbTHMEIUIHOTO ITOTOKA MMOHMUMAaETCs (pakT BrIOOpa
JIPYTOro YPOBHSI YIYUILIEHUS! MYJIbTUMETUNHON TOCIeI0BAaTEIbHOCTH 10 CPaBHEHHIO ¢ TeKymuM. [Ipumep
aJlanTanyy KayecTBa ¢ puMeHeHueM kozeka cranaapra H.264/SVC pacemorpen B [12].

B [2, 11] Obu10 MOKa3aHO, YTO JAHHBIN IMapaMeTp UMEET OOJIBIIOE BIMSHUE Ha BOCIIPHATHE PUHATOTO
MYJIBTUMEAMIHOTO TIOTOKA ToJsib3oBaTesnieM. C OJIHOW CTOPOHBI, MOBBIIICHUE WM TOHIKEHHE KauyecTBa
MYyJIbTUMEAUMHON TMOCIEeI0BAaTeIbHOCTH B 3aBHCHUMOCTH OT MapaMeTpOB CETH JOHKHO IPUBECTU K
CHI)KEHHUIO MOTEPh B CETU U CHWKEHUIO BapHaluu 3a1epKku. C qpyroil CTOpOHbI, 4aCTOE MEPEKITIOUCHHE
KauyecTBa pa3apaxkaeT mnonb3onatens. B [11] mokazaHo, 4To BEpOSTHOCTh TOTO, YTO MOJIb30BATENb IPEPBET
coeMHEeHUE B 4 pa3a BBIINIE NMPH YaCTOM IMEPEKIIOYCHHH KadecTBa, YeM IPU MOCTOSHHOW KaJpOBOM
CKOPOCTH, U B 3 pa3a BbIIlIe MIPH MPEPHIBAHUU BOCIPOU3BEICHUH, YeM MPU €IUHUYHONW CMEHE KauecTBa
MOCJIEI0BATEIBHOCTHA MYJIbTHMEIMIHBIX JTaHHBIX.

Kpome Toro, B paMkax JaHHOW paOOThI MpUMEM, YTO IMepenaya MyIbTUMEAUMHBIX JaHHBIX B CETH
OCYIIECTBIISIETCS MMOCPEACTBOM MPOTOKOJIA TpaHCTIOPTHOTO ypoBHsI RTP [6].

3A/IEPKKA IIPUEMA-IIEPE/ITAYU

3anepkKa IpueMa-nepesadu — 3TO BpeMs, 3aTPa4yeHHOE Ha OTIPABKY IAKeTa, IUTFOC BPEMS, KOTOPOE
TpeOyeTcs s MOATBEPKAEHUS, YTO MakeT noiydeH. Ha pucyHnke 1 mpezacraBiieHa cxema BBIYUCIICHUSA
3a/Iep’KKH ITpUeEMa-Tepeiadu Julsl IpeIaraéMoil CTpyKTypbl CHCTEMBI, TpeaokeHHou B [12]. Ha ctopone
ornpaButens S GUKCHpyeTcs Bpems tg OTIIpaBiieHus yrpasJstoliero nakera SR. Ha cropone momyuaterst
R dukcupyercst BpeMst TOydeHust t; AaHHOTO makeTra SR, a Takke BBIYHUCISACTCS BPEMsl, OT MONTyYCHUsI
yIpasJisironero nakera SR u 70 oTrnpaeieHus yrnpasisitomiero nakera RR, t.e. t] - tg.

[Tocne momydenust ympamistoniero nakera RR orTmpaButeneM BblUHMCHSETCS 3aJepkKKa INpUeMa-
nepenayu Dp Kak:

D=1t —(t] — to) — g (D
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Puc. 1. CxeMa BBIYHMCIICHUS 3aICP>KKU TPUEMa-TIepeaadn
Fig. 1. The scheme of round-trip time calculation

Jns ouenkn 3(@eKTHBHOCTH Tepeaadyn MYyJIbTHMEIUHHBIX JaHHBIX HEOOXOIMMO ONpPEIeITUTh
CPEIHIOIO 3aICPXKKY IIpHEMa NIEPENad Ul BCErO CEaHCa CBS3U:

_ M m
ﬂ, )

D =
M
rae m € M — KOJIMYeCTBO pa3 pacuera 3aepiKKH.

BAPUHALIUA 3A/IEP/KKH

Bapuanus 3agepkKu XapakTepu3yeT HEPaBHOMEPHOCTb IpPUXOJa I1aKeTOB IIPUJIOKEHUS Ha
npuHuMaroIel cropoHe. OHa MOXeT ObITh OOYCIIOBJIEHA MEPErpy3Kol CEeTH B HEKOTOPBIX TOYKAaX,
0onbmIMM  pa3OpocoM pPa3sMEPOB MEPECHUIAEMBIX IAKETOB, YTO MPUXOJUT K HEPABHOMEPHOMY
pacnpezieieHuI0 BpeMeHu 00paboTKu, pa3nuyHbiMU MapiipyTtamu u np. [10]. B mobom ciydae, 6ombIias
BapHualys 3aICP>KKH MAKETOB MPUBOJIUT K YXY/IIIEHUIO Ka4eCTBA MYJIbTUMEIUMHBIX JTaHHBIX.

[Ipumem B paboTe, uUTO Bapwalus 3aJCPKKU MEXKIY OTIPABICHHBIMU TAaKeTaMH X; U X;_q
PacCUMTHIBAETCS KAaK CPEIHEE OTKIOHEHHE Pa3sHOCTH G BPEMEHU MPUXOJa t MOJNyYEHHBIX ITAKETOB X'; U
x';_1 TIO CPAaBHEHHMIO C HX OTIIPABIEHHEM:

Vi) =V(i-1)+ (GG —-1,)|—-V(i-1))/16, 3)
rae G(i—1,0) = (t(x;-1) — t(x')) — (€0xi—1) — t(x2)).

Cpennsis Bapuanus 3a/1ep K1 AJIs1 BCETO CeaHca CBA3M IS KaK0ro U3 MOTOKOB PACCUNUTHIBAETCS KaK:

G _ Imo V™
g B )

rae m € M — KomM4ecTBO pa3 pacueTa BapHaIly 3aJepPiKKH.

KO/IMYECTBO IIOTEPb

Kaxk npaBuiio B COBpEMEHHBIX CTaHAAPTAX KOJUPOBAHUS BUIECO IPUMEHSIOTCS Pa3IMYHbIE MEXAHU3MBI
KOMIIEHCAIIMH MOTePb, TAKUM 00pa3oM BIMSHHME €IMHUYHBIX MOTEph criiaxuBaercs. Hanbonbmmil ypoH
KAueCTBY BOCIPOM3BEACHUS MPUHOCAT MOTEPH T'PYMHIBI KAJIPOB OT KIKOYEBOrO Kajapa 10 KIodeBoro. B
9TOM Cily4ae, MPOMCXOJUT OCTAHOBKA BOCHPOM3BEICHUS MyiabTuMenuiiHoro moroka I(t) € (0,1) na
KAaKOM-TO MPOMEXYTOK BpeMEHH t. B pamkax mpemymaraeMol METOJIMKH 3TOT ITapaMeTp ONPEIENSIeTCs KaK
OTZIeNIbHAs METPUKA OLIEHKU KayeCTBa.

AHA/IU3 XAPAKTEPUHCTHKH PSNR
OpnHoM M3 METPUK OLIEHKH KadecTBa, MPUHAJISKAIICH KIaccy ¢ MOJHBIM HabopoM HHGpOpMAIUH 00
WCXOJIHOM TMOCJIE0BATEIbHOCTH MYJIbTUMEIUWHBIX HaHHBIX, sBisieTcss merpuka PSNR. B [4] Obuto

NHOOPMAILIMOHHBIE TEXHOJIOT' A
INFORMATION TECHNOLOGIES



—r

I—IA y LII—IbIM Iakynosa E.A., Poindun A.B. Memoduka oyeHku sghdpekmusHocmu
nepedavu myabmumeduiiHbix daHHbIX // HayuHblll pesysbmam. 42
PE ByHE)TA I HugopmayuorHvie mexroaozuu. - T.2, Ne3, 2017

RESEARCH RESsUL T
——

noka3aHo, 4To PSNR sBisieTcst BanmuaHON METPUKOI 1Sl OLIEHKM KaueCTBa MyJIbTUMEIUWHOTO TOTOKA JUIs
OJHOM M TOM K€ MOCJIeI0BATEIIbHOCTH MYJIbTUMEANNHBIX TAHHBIX U C OJJHUM U TEM K€ KOJEKOM [8].

PSNR xapakrtepu3yer COOTHOIIEHHE MEXJIy MaKCUMyMOM BO3MOKHOTO 3HAuY€HHUs CUTHAJA U
MOIIIHOCTBIO IIyMa, UCKaskatolero 3HaueHus curuaia. PSNR onpenensercs yepes cpeaHekBagpaTUIHYIO
ommOky MSE (ot anri. Mean Square Error) Mexxay UCXOIHBIM KaJIpOM O M HCKaXEHHBIM d

MSE = =351 351 lo(x,y) — d(x,»)[2, (5)
rjae Kaxaelid kaap uMeer X X Y nmkceneid, a o(x,y) u d(x,y) — nukceau spkoctu Ha mosunuu (x,y) B
KaJpe.

Torna PSNR Bblumcnsercs kak Jorapu(MHUUECKOE€ OTHOLICHHE MAaKCHMAaJIbHOTO 3HAYCHHS,
MPUHUMAEMOT0 MTUKCEIeM N300paXeH s, K MOIITHOCTH IIIyMa, HCKa)Xarollero uzoopaxenue. Eciau npunare
(5) u MmakcuMabHOE 3HaUEHUE, IPUHUMAEMOE MUKCENIeM B KaJape L (Korja MUKCenu UMEIOT pPa3psaIHOCTh
8 out, L = 255), Torna [8]

PSNR = 10l0g1o 7 (6)

[Tycte kauectBo PSNR (3) kagpa m omnpenensiercs kak Q,,, TOTAa cpeiHee 3HAUeHUE KayecTBa JUIs
BCEH MyJTbTUMEIUMHON MOCIE0BATENFHOCTU OYIET ONPEAETATHCS KaK:

Q= HZm:l Qm (7
Hcxons u3 3TOro BO3MOKHO ONPEACTUTh KO3(DPUIIMSHT Bapralii KauecTBa:
S
CoQ ==, (8)
Q
1 [—
rae Sp — CTaHAapTHOE OTKJIOHEHUE KayeCTBa, T.€. Sg = n M_1(Qm— Q)?

AHAJIN3 ITEPEXO/]OB KAYECTBA

[Ton mepexomoMm KadecTBa MOJpa3zyMeBaeTCsl AOJIS MEPEXO0I0B KAUuecTBa 1O OTHOLICHHUIO K O0IIeMy
KOJIMYECTBY Tpynn KaigpoB. CTOUT 3aMETHUTh, UYTO IEPEXOJ KauyecTBa OCYLIECTBIISIETCA TOJIBKO IEPEN
HAyYaJIoM Iepelayu IPYIIIbl KaJpoB U HUKOTI'/Ia B IIPEeIax IPYIIbl KaJpoB.

Pa3zpaGoranHast MeToauKa OLEHKH 3()()EKTUBHOCTH Mepelaud MYJIbTHUMEAMWHBIX JaHHBIX ObLIa
IPUMEHEHa JJIsl CIIEHapusi MYJIbTUIIOTOKOBOW Mepefaud JAaHHBIX CO CTPYKTYpOH CEeTH M ajaroputMaMu
pacripesiesieH!s U aanTaluyu MaciTabupyeMoro MyJIbTUMEIMHHOTO IOTOKA, ONMMCAaHHBIX B [16, 17].

B pabGorte OblIM mNpPOBENEHBI SKCIEPUMEHTHl C HCKYCCTBEHHBIM OIPAaHWYEHHEM IPOITYCKHOM
CHOCOOHOCTH, a TaKXke ¢ IPUMEHEHHUEM TPACCUPOBOK PEaIbHOM MPOIYCKHOM CIOCOOHOCTH, COOpPaHHBIX B
nyOIMYHBIX O€CIPOBOAHBIX KOMIBIOTEPHBIX ceTsX I. bepnuna (I'epmanus). Pe3synpTaTsl SKCIEpUMEHTOB
1o pa3paboTaHHOW METOIUKE OLEHKH 3(PPEKTUBHOCTHU Mepeadun MyJIbTUMEIUNHBIX JaHHBIX MPUBEACHBI
B [17], roe Obuta mpoieMOHCTpHUpOoBaHa 3 (HEKTUBHOCTH METOIUKH Ha TIpUMeEpe pa3padoTaHHbIX B [17, 18]
QITOPUTMOB, aJITOPUTMA pacIipesiesieHus TpadrKa MUKINYECKOro OMpoca U alropuTMa, IpUBEIEHHOTO B
[16].

3AK/TIO9EHUE

B pamkax gaHHOM paGoOThl A7 OLEHKM >(PQPEKTHUBHOCTH Meperayd MYIbTUMEAMHHBIX JAHHBIX
IPEJUIOKEHO HCIOJIb30BaTh KOJWYECTBO NPEPBHIBAHUN BOCIPOU3BEIACHHSI MYJIbTUMEIUITHOIO MOTOKA,
BpeMs IIpHeMa-Iiepeiadu, BapHalUIo0 3a1€PKKH, Ka9YeCTBO MYJIbTUMEINNHBIX TaHHBIX HA PUHUMAOIIEH
cTtopoHe B xapaktepuctuke PSNR, a Takxe KOIM4uecTBO Mepexo10B KauecTBa MYJIbTHMEINITHOTO TTOTOKA
IpY Tiepeiaye B TeTepPOreHHOM OeCIpOBOIHON KOMITBIOTEPHOM CETH.

B pa6orax [12, 17, 18] noka3aHa 3¢(eKTUBHOCTh NMPEAJIOKEHHON METOIUKH, MPOBEJEHBI CEpUU
SKCHEPUMEHTOB € NMPUMEHEHHEM pa3paboTaHHbIX B [12, 17, 18] anroputmoB, alropurMa pacrpeaeieHus
TpaduKa IMUKINIECKOTO OMpOca U aITOPUTMa, IPUBEIEHHOTO B [16].
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