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COIEPXAHUE

KAYECTBO KAK 3JIEMEHT KOHKYPEHTOCIIOCOBHOMI
9KOHOMUKH
Bacunses Buktop AnnpeeBud

HE3ABUCHMAS OOEHKA KAYECTBA OBP A30B AHUS
AzapreBa Bepa BrnanumupoBHa

PABBUTHUE MHHOBAIIMOHHOI' O ITPOLIECCA B TYPIIUHN
B 2014-2015I'T
AKbBULITEI X aKaH

CTATUCTHYECKHUE METOJBI 1 OUEHKA IIOCTABIIIUKOB
Anpomuna Anesa UropesHa

YIIP ABJIEHASI KAYECTBOM, HAJAEXXHOCTBIO 1
BE3OIIACHOCTDBIO CJTOXHBIX TEXHUYECKHNX CUCTEM
AnexcannpoB Mapk Hukurua

MATEMATHYECKOE MOJEJAPOBAHUE JIJISI 3AJTAY
VIIP ABJIEHMSI KAYECTBOM TC TKC HA D TAIIE UX
IMPOEKTHPOB AHUSI

AnexcanzpoBa Cetiana BuktoposHa

AHAJIH3 IIPOBJIEMBI ITIOATBEP XKIEHUS TPEBOBAHUM K
CBEPXMAJIBIM PUCKAM IIPU OBGECIIEYEHMHA
BE3OIIACHOCTH HOJKETOB

Anexcannposckas JInnus Hukonaesna, Henaiisona AHaTtonuit
Koncranrurosmd, Kupmnua Auppeit Buktoposud

MUPOBOI1 OTIBIT YIIP ABJIEHUSI HET ATUB HBIM
BO3JEICTBUEM OFbEKTOB 3JEKTPODHEPTETUKHY HA
OKPYXKAIOIIYIO CPEAY

Amvactsa Haupyu AkonosHa

AHAJIA3 IPUMEHEHUSI MOHOJIMTHBIX UHTEIP AJIBHBIX
CXEM, KAK OCHOBBI HOBBIINIEHUSI KAYUECTBA PA3PABOTOK
IPUEMHBIX MOJYJIEHA PJIC

Annpees VBan Buktoposuu

IIPOI'P AMMA OBYYEHMSI PABOTHUKOB OCHOBAM
BEPEXJIMBOI'O TIPOU3BO/ICTBA HA IIPUMEPE
OAO «KAJTYJKCKHIA IBUT ATEJIb»

Annes Buranuit OppeBnd, Burayk Haranss AuipeesHa
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MPOBJIEMATHUKA UCIIOJb30BAHUS NH®OPMAITHOHHBIX
TEXHOJIOT W B HTHCTP YMEHTAPAH KOHTPOJIS 1

VIIP ABJIEHU A KAYECTB OM

AxpamoBHd ANleKcel AJEKCaHIpOBHY

PABPABOTKA HA OCHOBE KOHIEININHU BCEOBIIEI'O
VXOJA 3A OBOPYJOBAHUEM CUCTEMBI PEMOHTA "
TEXHUYECKOI'O OBCJIYKUB AHU S

Axtynos Arnekceit Jleonunosud, Axrynosa Jlroamina HukonaesHa,
IIumoxuH AHTOH BiaquMupoBud

ACHEKTBI BHEAPEHUSA CUCTEM MEHEJIXKXMEHTA B
BBICHINX YYEBHBIX 3ABEJEHUAX
Babxun Imutpuit FOpreBma, AnexcannpoB Mapk Huxuruy

AHAJIN3 1 OBIIIASL OITEHKA OCHOBHBIX ITPOITECCOB
VIIPABJEHUS HADEKHOCTBIO ITPOI'PAMMHBIX CPEJICTB
CIIEIIMAJIN3UPOBAHHBIX ACY

Bansibepnun Banepuii AnexceeBud, benepue Annpeit Muxaitnosuy,
Cremanos Oner AnekceeBud

OCOBEHHOCTHU CUCTEMbBI MEHEJJ’KMEHTA KAYECTBA
MPEIIPUSTHIA OBOPOHHO-IIPOMBIIIIIEHHOL O
KOMIIIEKCAP®

bapabanosa Jlronmmia AHIpeeBHa

TEIINIOMETPHSI: MOBBIIEHUE KAYECTBA
PE3YJIbTATOB M3MEPEHUI

bapa6anoBa Onbera Anekceena, Camvun IlaBen AnekcasnpoBud,
CamnosxumkoB Cepre it 3axapoBud

BJIMSTHUE KAYECTBA HA KOHKYPEHTOCIIOCOBHOCTH
IPOAYKIMA HA PHIHKAX IT UHIY CTPAH
Bapmenkos Egrenuii IOpreswa, Canpixos Mapk Paymsesna

PA3PABOTKA METOJOB OIIPEJAEJIEHUS ITEPEYHS
KPATUYE CKUX TEXHOJOT WA JJI51 CO3TAHMS U3 IEJ A
HOBOT' O TOKOJEHUSI

Benesnes Aunpeit Muxaiinosus, JIBope Lk uit Buxrop BacwibeBuu

OB YIIP ABJJEHUY YPOBHEM HAJIE3KHO CTHA IPOT'P AMMHBIX
CPEICTB CIIEIWAJIA3UPOB AHHO

ABTOMATHU3UPOB AHHOM CUCTEMBI YIIP ABJIEH TSI

Benesnes Aunpeit Muxaiinosud, Crenanos Ouer AnexceeBud,

Mymuno Jmutpuit Anexcaunposu
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®OPMUPOBAHUE HH®OPMAITMOHHOI'O OBECIIEYEHUS B
AP QP-IIPOIECCE [JIsI1 MOBBINIEHW A PE3YJIBbTATUBHOCTHA
YIIP ABJJEHUSI TIPOITECCOM M3I'OTOBJIEHH A
ABTOKOMIIOHEHTA

Buktumuposa I'yzens @aHHCOBHA

IMOTPEBUTEJBCKAS OKCIIEP TU3A KAYECTBA
TOBAPOB " YCJIYI'
Bopszo Buranuii Mropesnd

ABTOMATHU3ALIUS TIPOLECCA IOCTPOEHUSA 1 AHAJIU3 A
MOJEJH ®OP CYHKH ) KHJKOCTHOI'O PAKETHOI'O

JBUT' ATEJIA

Byrko Auron Onerosud, IlpipkoB I'eopruit AnekcasapoBuy

OCHOBHBIE IIP OHECCBI CUCTEMbBI MEHEJI’KMEHTA
BE3OIIACHOCTH IIPOAYKIINHN
BaBuuH fIpocnaB AnexcaHApoBHI

OLEHKA TAUHAMUWKHA N3MEHEHUA TPEBOB AHUI
MEXIYHAPOAHOI'O CTAHAAPTA ISO 9001 OT BEPCHUH 1994
I'OOA 4O IIPOEKTA 2015 TOOA

BacunseBa Vpuna I1aBnoBHa

JIOKAJIBHAS PAINAIIMOHHAS 3AIIIUTA
PATUODJEKTPOHHOM AIIIAP ATYPEI

Bunkos ®enop Esrenrenud, JIozoBaH AnekcaHap AJNEKCaHAPOBHY,
Kacumpia Anexce it Huko naesma

IIPOBJIEMA COCYIIECTBOBAHUS KOHIEIIIUNA
3AINIAHUPOBAHHOI'O YCTAPEBAHUS U P10 COPUN
YIIP ABJEHHSA KAYECTB OM j

I'aBpunkoB Cepreit AnekcaHIpOBHI

MPAMEHEHHUE METO/OB IIOPOIIIKOBOM METAJLTYPT A
IIPU CO3JAHMHA U3TEJIHIA I KOCMHAYECKUX CUCTEM:
CTAHIJAPTU3AIUA U YIIP ABJIEHUE KAYECTBOM
I'approunn Esrennit IOpeesna, Byrpum Bukrop Hukonaeuy,
Crpowurenes Bianucias Huxonaesud

YIIPABJIEHME CTPYKTYPOM Y CBOMCTBAMM U3/ EJNT,
HOJYYAEMBIX METOAAMHU OBP ABOTKH METAJLJIOB
JABJIEHUEM

I'ankua Buktop MBanoBuy, [TanTueBua Aujpeit PomaHoBud,
TIpeo6paskeHckuit EBre nuit Bnanuvuposud,

T'onoBkuna Mapuna I'e HHapeBHA
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PE®EPEHCHBIN JU®OEPEHIIAAILHBII METOJ OIEHKH

KAYECTBA C)KATHS BULEO
TopoxoBa- Anekceea AHacTacus BukroposHa,

Kopoues JleHrc AJEKCaHAPOBHY

PA3BUTHE KOHIENIIMA MEHEI)KMEHTA KAYECTBA HA
OCHOBE HOBO¥ BEPCHU CTAHJAPTA MCO 9001:2015
I'pumaesa CeTnana AHIpEeBHA

PA3PABOTKA M BHEJIPEHUE CUCTEMbBI YIIP ABJTEHISA
IPOM3BOJCTBOM MHHOBAIIMOHHOU MPOY KA
T'ynesutckuil Annpeit FOppesud, HabaneHKko AsekcaHnp Banepsesud

MOJEJHPOBAHUE NPOITECCOB KAK HHCTPYMEHT
VAYUYIIEHAS MIPOUECCOB CPEJTHECPOYHOI'O &
IJIAHUPOBAHU S PEAJIU3AIIMH HAUOKP ®EJEP AJIbHOU
KOCMHUYECKOI1 IIPOT'P AMMBI

Temunenko IOpuii AnatosseBud, FBanos JMutpuii ropesud

COBPEMEHHBIE BO3MOKHOCTH «ITIOJIUTEXHU3MA» B
IOATOTOBKE PABOYMX KATPOB JIIsI THHOB AITAOHHBIX

IIPOU3BOJICTB
Iy6osunxuit Oner Muxaitnosmd, ®enopos Banum KoHCTaHTHHOBHY

KAK CILTAHUP OBATH PABOTHI IIO BHEJIPEHHIO
METOJOJOI'dU «BEPEKJINBOE ITIPOU3BOJACTBO» B
OPT AHU3AIIMH

Enur Urops Anexcaunposud, BacwiseB Bukrop AunpeeBud

HHCTPYMEHTHI PA3PABOTKH KAYECTB EHHBIX
MMPOT'P AMMHBIX PEINEHWI
Epmoxun Erop Anexceesud, Llpipkos ['eopruii AiekcaHqpoBUY

POJIb BHYTPEHHUX AVIUTOB B CMK
Edpemon Anekceit Anexcannposmy, bopucosa Exarepuna BrkTopoBHa

CPEJICTBA KOHTPOJISI IPOIECCA CO3IAHUSI HAYYHOW
AIIITAP ATYPBI 1JISI KOCMHAYECKHX AIIIIAPATOB
Kypasnes Poman Hukonaesmd, Byrko AEToH ONIeroBud

PABPABOTKA TUIIOBHIX MOJEJEN KOHCTPYKTHUBHO-
TEXHOJIOT TMECKOI'O ITIOCTPOEHM SI UHHOB AITMOHHBI X
CTAIIEJIEM JIJISI CBAPKU KPYITHOT ABAPUTHBIX

KOHCTP YKIIMA AHTEHH PAJIMOJOKAIIMOHHBIX CTAHIIHIA
3axapos IlaBen AnexceeBnd, ®enopoB Banum KoncranrusoBud

METOJ POBACTHOM OIITUMMU3 AU JOITY CKOB
MAIIWH U TPOIIECCOB
UBaxnenko Anexceii Anekc AHAPOBUY
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9KOHOMMYECKHUE ACIIEKTHI YIIP ABJJEHUSI KAYECTB OM
Kamannapumsuinu [llopera HomaposHa

K ®OPMHPOB AHUIO KOPIIOPATHABHBIX CUCTEM
MEHEJI’KMEHTA KAYUECTBA B POCCUIICKOM
ABTOMOBWIECTP OEHUH

Kamgmuna ArHa BukTopoBHa

OT OPEKHEW METP OJIOT MYECKOM 3 KCIEP TU3BI —

K IIPEAYIIPEXIEHUIO HECOOTBETCTBUI B

METP OJIOTHYECKOM OBECIIEYEHWY ITPOU3BOJACTBA
ABTOKOMIIOHEHTOB

KacesgHoB Cranucinas Brnagumuposud, Kornpamos Anexceit ['eHHanbpeBUY

BOIIPOCKHI ITOAT OTOBKH BU3HE C-AHAJIUTHKOB
Konecnukos JIMmutpuii AnexcasgpoBuy

HUCCIEJOBAHUE NIPUMEHUMOCTHU IIMPUHI' OBOI'O METOJA
OIEHKH B OYHBIX KYPCAX

Komp6e Annca Cepreesna, Kopones [lenuc AnexcannpoBud,

TaBomonkuit Anexcaunp BiaagumupoBud

NPUHIAIILI JEMMHI'A 1 UX PEAJIM3AIIUA B CTAHIAPTAX
10 CUCTEMAM MEHEJJ)KMEHTA KAYECTBA
PATMODJEKTPOHHBIX CPEJCTB JJIsI ABUAITHOHHOM,
KOCMMYECKO 1 OBOPOHHOM TEXHUKA

KoxTtuna Mapuna BsiuecinaBoBHa

BEPEXX/IMBOE ITPOU3BOJACTBO B OTAEJIEHUSIX ITOYTHI
pPoCccumn
KyspmeHkoBa AHacTacuss AHIpeeBHa

O PA3BUTHH TEXHOJIOT M B CTP YKTYPE HOBOI'O VI
TEXHOJIOI'HYECKOI' O YKIIATA

Kycakuna IOnus Huxonaesna, @enoposa Jlapuca BnagumuposHa,
Srynun Tumodeii 'enpuxosuy, CamoiineHko Bukro pus Buxropossa

OBECHHEYEHHE BBICOKOI'O KAYECTBA AHAJIU3A
IIOJIETHOM HH®OPMAIIAX
JleBuenkoB bopuc Muxaitnosuy, LlpipkoB Anexcannp BiagumupoBud

HUHTEI'P AJIBHBIE CUCTEMBI YIIP ABJIEHUSI KAYUECTBOM
PA3PABOTKHU U ITPOU3BOJCTBA OBOPOHHOM IPOJI YKIIUH
Jletyues I'ennapuit MuxaitinoBuy

HAIIP ABJIEHUHS B ITIOCTPOEHU A
BBICOKOTEXHOJOI'MYHOI'O MIPOU3BOACTBA
POBOTOTEXHUYECKHUX CUCTEM

JlonoTta Anexcaunp BuranseBud
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CEPTU®UKALMS HEHTPOB OBP ABOTKH JAHHBIX.
NEPCHEKTHUBBI PA3BBUTH S, POCCUUCKAS CIEHUOUKA
Maxkapos Oxyapn Hapumaro Bua

METOJAUKA MOHUTOPUHI'A KAYECTBA ObYYEHU I
CTYJIEHTOB IIPM KOMIIETEHTHOCTHOM INOJAXOAE
MupomarkoB Bauecnas Bacumbesnd, Mutpouenkosa Bnena AnekceeBHa

COBEPIIEHCTBOBAHUE METO/IA PA3BEP ThIB AHU
®YHKIA KAYECTBA HA OCHOBE MATPMYHOI'O PEINEHMUA

OBPATHBIX 3AJTAY
Murpouikuta TatesiHa AHaTONBEBHA, IMUTPUEB ATEKCaHID SIKOBICBHY

ONTUMU3AIUS TAPAMETPOB OUYNCTHOI'O
OBOPYJIOBAHMSI C IEJBIO IIOBBIIMNEHUA KAYECTB A
OYNUCTKH

MonoTtoBHUK Anekceii BacmiseBud, Beranek Libor,

JloGacoBa TaresiHa CepreeBHa

9TUKA MPOBEAEHUS BHYTPEHHEI'O AYJIUTA
MosskoBa Anna FOpseBHa, bopucoBa Exarepuna BukropoBHa

UCCJEIOBAHUE KAYECTB A COIIMAJIIBHOI'O OFBEKTA
IIOCPEJICTBOM HEMTPOCETEBOI'O KBAJTUMETP MYECKOI'O
MOJEJHUPOBAHUSI (B YCJIOBUSIX AITMHOCTP OUTEJIBHOI'O
NPEANIPUSTHSA)

Mopo3oBa ArHa BaneHTnHOBHa, Kupraex Annpeit Bukroposm,

Anucoa Mapuna BnagumuposHa

IPOBJEMBI PE®OPMBI CUCTEMBI AKKPEIUTAITNNA
Hesszopopa Harambst Aunpeesna

MEHEJ)KMEHT KAYECTB A THHOB AITAOHHBIX
TEXHOJOI'MYECKUX IMMPOIECCOB
OnurokoB Cepreit AHaTOIBEBIY

KBOIIPOCY O KTACCUDUKAIIMA TEXHUYECKHX CPEJICTB,
IPUMEHSIEMbBIX HA IPEAIIPUSI TUSIX OIIK JJIS OIIEHKA
COOTBETCTBHUSI OBOPOHHOM PO YKIIUU

Oxankus Makcum Afte KcaHIpoBHd

PA3PABOTKA IIPOI'P AMMHO-METOJANYECKOI'O
KOMIUIEKCA V151 CO3JAHUS U CEP THOUKAIIAN CHCTEMBI
MEHEJI’)KMEHTA KAYECTBA B COOTBETCTBUHU CO
CTAHIAPTOM I'OCT PB 0015-002-2012

Iosxrees Bopuc Muxaiinosud, OBuunnukos [Tapen EprenpeBuu,
JleBuenko Anexcaunp Huxonaep
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OBECHEYEHHME KAYECTBA 3JIEKTPOHHOI'O OB YYEHHA HA
OCHOBE CTAHJIAPTOB
IMozaueeB bopuc Muxaitnosud, CyTsarua Makcum BanepseBud

CAMOPET'YJINP YEMOE YIIP ABJJEHUE KAYECTB OM
IMomazanoB Bianumup BacunseBnd

CHCTEMHBIA MOAXO/ K YIIP ABJJEHHIO IIPOEKTAMM.
IPOBEJAEHME ITPOEKTHBIX AYAUTOB
Tlpyuxuna Hagexna BanepreBHa, Makapos Onyapn HapumaHnoBHY

OIIEHKA PE3YJIbTATUBHOCTHU BHEAPEHUS

KOPPEKTHP YIOIIIUX JEMCTB WA

JJISI HOBBIIIEHUSA KAYECTBA MOJAEPHU3UPOBAHHOI'O
SJEKTPOIIPUBOJA CTPEJTOYHOI' O TUITA CII-6M
Purenman Brnangucnas Wis g

MATEMATHUYECKOE MOJEJIHPOBAHUE METOJA OLIEHKHA
KAYECTBA BAPUAHTOB KOHCTP YKTUBHO-

TEXHOJIOT MMECKUX PEIIEHU I' A30 TYPBAHHBIX

JBUT ATEJIEW C TIPUMEHEHUEM ®YHKIIAOHAJLHO-
CTOMMOCTHOI' O MOJEJHNPOBAHUS

PoxnectBenckuii Anexcannp Buktoposm,

CunysiHoBa MapuHa BiaguMupoBHa

HOBBIE TPEBOBAHHUS K KAYECTBY COBPEMEHHBIX
SJEKTPOOHEPTETHUYECKUX CUCTEM
CanpHukoBa AHacTtacusi AHATOJIbEBHA

ABTOMATHU3HUPOBAHHASI CHCTEMA ®OPMHPOBAHMSA 1
AHAJIN3A KOHCTP YKTUBHO-TEXHOJIOI'MYECKHUX "
OPT' AHU3AIIMOHHBIX PEIIEHU CEOPOYHOI O
IMPOU3BOACTBA (PAKTOP)

CamconoB Oner CemeHoBMd, Boponnos Jimutpuii CTaHUCIIaBOBHY,
Ietpuna ArToH Hukonaesua

YIIP ABJIEHHE ITPOU3BOACTBEHHBIMU KOH®UI' YP AITUSIMU
NP UMUTAIIMOHHOM MOJIEJWNPOBAHUU ITPOIIECCOB
CBOPKHU U3JEJAI AT

CamconoB Oner CemenoBud, Cayte HKOB Muxann EBre HbeBHd

METOAUKA ®OPMHUPOBAHUS NHTEJVIEKTYAJIBHBIX BA3
JAHHBIX I THOOPMAIIMOHHOM IMMOJAIEP )KKH
IMPOLECCOB TEXHOJIOI' TYECKOI'O ITIPOEKTUPOB AHU 51
CamcoroB Oner CemeHoBHY, [lleHaeB Muxamt OeroBud
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NH®OPMAITUOHHOE OBECIHEYEHHE ITP OIECCOB
'KM3HEHHOI' O IIAUKJA IIOITY THBIX ITPOAYKTOB
Cadapona Jlert PunatoBHa

PA3PABOTKA CPEJCTB HH®OPMAIIMOHHOM NOJJEP JKKH
JIJISI MHTETPUPOBAHHOT'O YIIP ABJEHUS KAYECTBOM
3JEKTPOHHOI'O OBYYEHUA

Cenupannes Oxner MropeBud

PA3BPABOTKA KOMILTEKCA ITPOI'PAMMHBIX CPEICTB

IUIAHUPOBAHUA
Cemenos I'puropuii EBre HbeBud

TMOBBIIEHNAE KAYECTBA ITOPUCTBIX TP OHUITAEMBIX
MATEPHAJIOB A3 BOJJIOKOH KOPPO3MOHHOCTOMKUX
CTAJIEH, TOJIYYEHHBIX METOJOM 3BKP

CepoB Muxann MuxaiioBud

MPOBJIEMBI OIITUMU3AIINH YPOBHSA KAYECTBA ITPU
CO3IAHNY COBPEMEHHO!M ABUATIMOHHOW TEXHUKH (HA
IIPUMEPE ITP OT'P AMMBI BOEING 787 DREAMLINER)
CxkapenroB IOpuii BanepseBud

PEAJIM3ALIVA MMPOEKTA IO COBEPIEHCTBOB AHUIO
CBOPOYHOI'O TPOU3BOJACTBA JATYUKOB

NPU UCIIOJIB30B AHINA TOAXOIA DMAIC
CripetimuxoBa Hammu BragumuposHa

PA3PABOTKA ITPOLEIYP OIEHKY 3HAHAM KAK OCHOBA
OBECIIEYEHUSI KAYECTB A DJIEKTP OHHOI'O OB YYEHUS
Tuxomuposa Buktopus JimurpuesHa, IBaHoBa TathsHa Bacuibesna

OBECTIEYEHUME U OPT' AHM3AITMS TP YIOBBIX PECYPCOB B
KOPIIOP ATUBHBLIX IPEAIIPUATHAX
@enopos Banym KonrcranTurosmd, bensesa AnacTacus BanepsesHa

WHHOBAIIMOHHBIE PUCKA B PA3PABOTKAX ITPOBJIEMBbI
KAYECTBA IMPOIIECCOB ITP OEKTHP OB AHUS
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9KCTIEpUMEHTANbHBIX HcchenoBanui. PaspaboTtanHas ACII ciy>kuT HOBBIM
HMHCTPYMEHTOM CHCTEMBI MEHEI)KMEHTa KauecTsa [2].

Pe3ynpTaTel HCCIENOBaHUA Aal0T BO3MOKHOCTE IIOIy4aTh 3aBHCHMOCTH,
MO3BOJIIIOIE B JaJbHEHIIEM YIPaBIATh TEXHOJOTHMUECKHUM MPOIIECCOM,
perymipys yposerb HIIC B nedopmupyeMoit 3aroToBKe, U TeEM CaMbIM 3apaHee
OTIPENEeIITh YPOBEHb MEXaHWYECKHMX CBOMCTB B MaTepHajie TOTOBOM [eTaiu.
Meronvka yHUBEpCAIbHA M MOXET NPHUMEHATHC NI JPYTHX METaUIOB U
CILIaBOB.

Ha mpakThke 3TO NpHBEAET K MNOIYyYEHHIO W3HEIUMM C 3afaHHBIM
KOMIUIEKCOM 3KCIUIyaTallMOHHBIX CBOMCTB. [lpuBiedeHue MaTeMaTHuecKoro
MOJIEIMPOBAHMS [IJI1 IPOTHO3UPOBAHMA CTPYKTYPBl ¥ CBOMCTB METALTMYECKHUX
MarepHaloB O3BOJMT 3HAYUTEIBHO CHU3UTh MATEPHATIOEMKOCTh HCCIIe0BaHUN
U CO3JacT YCIOBMS AN Iepexofa OT KadeCTBEHHBIX K KOJMYECTBEHHBIM
NOKAa3aTelsIM IIPH OLEHKE BIMSHMS IPOM3BOACTBEHHBIX IapaMETPOB IpoIecca
Ha CIPYKTypy M CBOMCTBa KOHEYHBIX M3JENHH, [OJy4acMbIX MeETOJaMU
00pabOTKM  METAUIOB  HaBJIEHWEM, Ha  CTaAWHd  KOHCTPYKTOPCKO-
TEXHOJIOTMYECKOH IIOATOTOBKH IIPOU3BOICTBA.
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REFERENCE DIFFERENTIAL METHOD FOR EVALUATION OF
VIDEO COMPRESSION QUALITY

Pasnoobpasue  6udeoxodexos u  ux  napamempos  No36oNLEm
ONMUMUBUPOBAMb  Colcamue  6udeo OJisl  KOHKPEmHuX 3a0a4y  00CMABKU
6UOEOKOHMENMA, HO, C OpY20ll CIMOPOHbL, 3a4ACIYIO CIOJNCHO OYEHUMD
pesynomam. Cywecmayiowue MempuKi 6 Yelom OYeHUBarom Kavecmeo, Ho He
NO0360/IAI0M OKANU308AMb OUMOKY U OYeHumb ux euzyanvHo. Ilpednoscennviii
Memoo no3eonsem CpasHU8ams KOOeKU U Ux napamempsl nymém nokaopoeozo
ebluumanUs U aHamza pasHuysl. B cmamve npueodsmcs  OaHHble
aKcnepumenmoe no cpasuenuio H.264, HEVC (H.265) u VP9 u nokaszau
NPUHYUR  MamMemMamu4eckoll OYeHKYU Ppe3yIbmamos 9moz0 paguuecKozo
Memooa.

The variety of video codecs and their parameters allows to optimize video
compression for the specific ojectives of content delivery. Otherwise, evaluation
of the results could be challenging. Present metrics evaluate quality in general
but cannot locate compression errors and estimate them visually. The offered
method allows to compare codecs and their parameters by calculating frame
difference respectively and analyze the resulting picture. The article contains
description and results of experimental comparison of H.264, HEVC (H.265)
and VP9 codecs and the principle of mathematical evaluation of this graphical
collation.

KimoueBsle ciioBa: KOJIEK; BUICOKOMIIPECCHS; OlIeHKa KauecTsa; ffmpeg;
imagemagick.

Keywords: codec; video compression; quality evaluation; ffmpeg,
imagemagick.

Beeoenue

Buneokoneku, Hcmoib3yeMble B OONBIIMHCTBE 3amad  oOImero
Ha3HA4YEHHS, UMEIOT BBICOKYIO 3((EeKTHBHOCTH COKaTHs, HO, B TO K& BpeMd,
CyIIECTBYeT MHOXECTBO IIapaMeTpOB KOJUPOBAHWS, IPH HEIPaBHIHLHOH
HACTpOIKe KOTOPBIX PE3yIbTUPYIOMK (haliil M OTOK MOXKET UMETh J1e(eKThI
cxarus [1]. CymecTByronme MeTonbl OLEHKH kadecTBa cxatus ([2], [3]) He
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NAI0T HATJBIAHOTO pe3yibTara ¥ He IOKA3bIBAIOT, B 4€M KOHKPETHO COCTOUT
ommoKa KOAUPOBAHHSL.

JlaHHOE HCCIENOBAHKUE CTaBUT IENBIO CO3/[aHHEe METOJa, COYETAIOLICro
0OBEKTHBHYIO YHCIICHHYIO OIEHKY IOTPEMHOCTH KOJMPOBAHUS U BH3yalbHYIO
HATJSLAHOCTh PE3Y/bTHPYIOMeH ONMOKH. BaKHO COBMECTHTH BO3MOXHOCTH
CyOBEKTHBHOM BU3yalbHON M MAaTEMaTHYECKOMH YHCIEHHOM OIICHOK. B mepBoM
Cllydae HabJIofaTeNs MOXKET TOMYCTHTh MCKAKEHHE H300paKeHHs, KOTOpOe
ObUI0 OBl 3aMETHBIM TIPY MaTeMaTHYeCKOM CpaBHEHHH, HO HE BBISBIBACT
cyObekTuBHOTO  d(dexra mameHus BHU3YalbHOTO — KadecTBa. OpHaxo,
BU3yaNbHBI METOJ| HE MOXKET OBITh aBTOMATH3HPOBAH M HE MOXET NaTh TOTHBIX
YHCIIEHHBIX PE3yNbTaTOB. B JaHHOM cilydae 3a1a4eil sSBIEeTCA aBTOMATU3AI
OIEHKH IIOTEPh MPU KOJUPOBAHHH C €TI0 COCTABICHUS XapaKTEPHUCTHK HE
TOJNIBKO TI0 OTAENBHBIM pe3yibTaTaM KOAUPOBAHKSA, HO U B LENOM MOBENCHUST
KONIEKOB WM 3aBHCHMOCTEH BH3yalbHOrO KadecTBa H300paXeHHH OT
Pa3NMYHBIX TIapAMETPOB KOAMpoBaHWs. JlaHHOE HCCIEN0BAHME HOCUT OTIaCTH
06pasoBaTeNbHbII XapakTep, TaK Kak [O3BOJIIET U3yIHTh NOBEEHNE KOACKOB U
HArJSHO MpPENCTABUTH pPEe3ybTaThl TpPU MOATOTOBKE K KOJUPOBAHUIO
criendUUeCKUX MaTepHaIoB MM TOTOKOB, HapuMep [4]. B mpOMBIIIIEHHOM
IIPYMEHEHAN TaKoi METOJ TMO3BOJIAT JIMHCHHBIM CIENHANUCTaM B obnacTr
BUJICOTIPOM3BOACTBA OOJNee TOYHO HACTPaWBaTh MapaMETPhl KOJMPOBAHA,
IOCKOJIbKY OMMpAThCSl HAa OOILICHPUHSTHIE METpHMKH MM Cioxwo. Haprmep,
caMasl pacTpOCTPaHeHHas METPHKA B OIIEHKE KaueCTBa KOMPOBAHMS BH/ICO
PSNR, HO 5TW 4KClia CJIOXHO HHTEPIPETHPOBATH B TEPMHHAX BH3YaIbHOTO
Ka4ecTBa, MOCKOJLKY camMa METPHKA MCIOJB3YeTCs CBI3UCTaMH M OIHCHIBACT
MHKOBOE COOTHONICHHE CUTHAI/IIYM.

IpennaraeMblit MeTos IIPUMEHEH UL CpaBHEHHsS d(Q(EKTHBHOCTH TPEX
xomekos: H.264, HEVC u VP9. B craTee moka3aH NPHHLUII COCTABICHUT
CPAaBHUTENBHOM  XapakTepUCTHKM JUIT  3THX  Kozjekos. Mccnenosanne
NPOBOIMJIOCH [PH IOMOIM MAKCHMalbHO JOCTYHHBIX —HHCTPYMEHTOB
(ImageMagick, FFMPEG, KOMaHIHBIA  S3BIK Windows), mo3TOMY
SKCHEPUMEHTHI MOTYT OBITH JIETKO NOBTOPEHBL B craThe Tak e MPUBOASLTC
CCHUIKY Ha HCXOHBIE (haifel. X0/ SKCIIEpUMEHTA TaK JKe OmucaH B [5].

Onucanue memooa

Bolumciss — pasHMIly — COOTBEICTBYIOIMX — KaapoB W OLCHUBAS
PE3YNBTHPYIONIYI0 KAPTHHY OMMOKH, MOXKHO MOJyIHTh HE TONBKO abCOIOTHOE
3HAYEeHWe OTIMYMM, HO M KApTUHY HX DAcIpEieNeHHs MO H300paxeHHIo.
ToJydeHHpIe YHCIOBbIE 3HAYCHNS HATTTHBl X MOTYT OBITh [IPOAHATM3HPOBAHEI
C TOUKH 3pEHHs] KDUTHYHOCTH MX TPYNIHMPOBKM U Pa3MEMICHUs HA IIOCKOCTH
n3o0paxenus. Taike BO3MOXKHA OIICHKA OIMMOKU B ONpENENCHHON 001acTd
Kampa. OTO JaéT MpeuMyeCTBA IPH OTpaHMYEHHsX OuTpeiiTa, KoOrAa
JEPTBOBAaTh KAYECTBOM HEOOXOAMMO, HO TpeOYeTCsl ONPENENUTh CTPATErHio
KOJIMPOBaHMs. i
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B pesymprate wuccnenoBaHus OBUIO TPOAHATM3HPOBAHO IIOBENCHUE
BBIODAHHBIX KOIEKOB IPH pa3iMyUHBIX OHTpedTax B CMOJIENHPOBAHHBIX
HICATBHBIX CHTyalUsX M Ha pealbHBIX NIpHUMEpax, MOTydeHbl 3aBUCHMOCTH H
[POBE/ICHA CPAaBHHUTENbHAS OLICHKA 3()(EKTUBHOCTH KOJEKOB.

CthopMmymrpoBaHsI 3a1a4¥ 0 0000IIEHHIO UCCIIENOBAHKA U IIEPEXOAY OT
rpauuecKoro MeToja CpaBHEHHS K MaTeMaTHuecKOMy C IpHUMEHEHHeM
anpOoKCUMAIHK METOAOM HalMEHbIIMX KBaApaToB.

ITocmanoeka sxcnepumenma

OueHka MOBENEHHsS KOIEKOB IPOBOAMIACH HA CEMHAALATH TECTOBBIX
MOCITENIOBATENBHOCTSX KaapoB 1o 250 xaxpoB kaxaas (10 cexynn). [1116 TecTOB
ObUTM MCKYCCTBEHHO CIE€HEpHpOBaHBI B BHAY TOI0, 4YTO TpeboBaIoch
CMOJIETIMPOBaTh HauOOJee IOKa3aTeNbHBIE CHTYalMH: MAaKCUMalIbHYI0 U
MHUHHMATBHYIO Harpy3Ky Ha KOIEK, a Taloke TIPOBEpUTb THIOTE3y O BIHIHUH
royOuHBl pesko m3o0paxaemoro mpocipadctBa (I'PHMII) Ha KadecTBO
KOIUPOBaHHUsI OCHOBHOTO 00beKTa B Kazipe [6].

BButH co3IaHbI Kafpsl ¢ GEbIM IIyMOM (YETKUM M Pa3MBITHIM) M YEpPHBIM
¢donoMm. B KkauecTBE OCHOBHOro o0OBekTa ObLta B3siTa RAW-(ortorpadus
yenoBeka. Kanpsr coxpansuck B ¢popmare PNG, mo3BoiironieM MPOU3BOIHUTH
HEIeCTPYKTHBHOE Cckatre. TakuM o6pa3oM, MosBieHHe apTehakToB CHKATUSL U
MOTEPH LBETOBOM CYONUCKpETH3alliM Ha STOM 3Tale ObLIM HCKIIOYEHBI, YTO
rapaHTHpyeT YHCTOTY SKCIIEPUMEHTa, 0 KpaiiHel Mepe, BO BXOAHBIX JaHHBIX.

Kaxapiii xoex TecTUpoBalcs Ha miectd Outpeirax: 512, 1024, 2048,
4096, 8192, 16384 xbut/c. Pazpermenue kagpos  1920x1080 nukcerneii.

Js TeHepaniy H300pKEHUH, a TAKOKE HX BBIYUTAHUS, COKAaTHA U IPOIHX
omepanuii, MCIOJB30BAICA KOHCONBHEIA pemakTop ImageMagick; o6paboTka
BHIEOTIOCIIEZIOBATEIFHOCTEH MPOBOAMIACE B KOHCOJIBHOM penakTope Ffmpeg.

OneHKa YpOBHS PE3yIbTHPYIONIEH OMMOKH IPOU3BOIUIACEH CIEMYIOIIIM
oOpazom:

1.z ormempupix  PNG-kagpoB  lossless-komexom  Huffyuv
KOJUPOBAJICS OPUTMHAI BHIEO.

2. VI3 opuruHaia MOKaJIpoBO BEIMIHUTAICS CHKaThIH OJHUM M3 KOZEKOB
BUJIEOPOJIUK. B pe3ynpTare Takoil omepanyy NOJydaeTcs BHIE0, COCTOSIIES
U3 KaJpoB, aHAJIOTHYHBIX HpEACTaBlIeHHOMY Ha Puc. 1 (BHEEO-pa3sHHIIA).
SpkocTh TIHKCENel XapaKTepH3yeT BEIHIUHY Pa3HUIBl MEXAY OpUTHHATIOM
U 3aKOOUPOBAHHBIM BHIEO: YeM spue NHUKCENb, TeM OoJbIIe MOZYIb
Pa3HHUIIBL, TO €CTh 3HAYCHHUE OIIMOKH.

3. Buneo-pa3Huna pasbuBagach Ha OTIENbHBIE KaphlL, K KaXKIOMY U3
KOTOPBIX 3aTeM NpHMeHIach OukyOudeckas uHTepmoysinms [7]: xamap
CKUMAJICA O OJHOTO IIMKCENs, CONEPIKAIlero CpelHee 3HadeHHE BCEX
MHUKCENEW Kajpa, XapaKTepHu3ylolee CPENHIO omuoKy (0T Hymst mo 255,
YTO COOTBETCTBYET SIPKOCTH KaHAIOB IBeToBoH Momemu RGB) Ha Bcem
KaJpe.
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4. BeramcIsuioch cpefHee apu(METHIECKOe 3HAUCHHE OUMOKM II0
BCEM KajpaM BHIEO. JTO 3HaueHWEe NPUHMMAIOCH CPEHMM 3HAICHICM
OIMMOKY KOJXUPOBAHHUS I HCCIEAYEMOTO BHICOPOIIHKA.

Puc. 1 — ITpumep kanpa-pasuus (Poto Ha 6eom myme)

JInsi OUEHKH YPOBHS OUMOKM HAa OCHOBHOM OOBEKTE CBHEMKH
HCIIONB30BAICA TOT K& METOf, OJHAKO MEXIAy IaraMu 2 ¥ 3 K Kaapy
TPHMEHSIACh MacKa, HCKITIOYAIOIIas BCE MMKCEITH, He BXOASIE B 0OBEKT, I
OIIEHKM 3HAYEHHS TOJBKO MUKCENel, 0TBEUAOIUX 32 TIABHBIA 00 BEKT CHEMKH.

HecmoTpss Ha HEOOJNBHIYIO [UIMHY DPacCMaTpUBAEMBIX POJIMKOB (10
cexynn, 250 xampoB), obmmi 00bEM (ailioB, NOJYYEHHBIX MOCIE BCEX
u3Mepenuit, coctaBui Oomnee 100 ruraGair, a caMu H3MEpPEHUA moTpeOoBaTH
3HAYUTEIHHOro TporecopHoro Bpemenu. TeM He MeHee, JUMHA (parMeHTOB
00ycNoBIIEHa CTIEHMPUKOH MEKKaZPOBOTO KOJUPOBAHMSA: CIMIIKOM KOPOTKHE
(parMeHTsI MOTYT HE IO3BOJUTH KOJIEKY ONTUMATLHO PACIPEAEITUTE KITFOYCBEIC
KaJphl ¥ OpraHu3oBath Ipymmbl H3o6paxerndt (GOP), moostomy miHa
BHIOMpaNach Tak, 4TOOBI B OXHOM ()parMeHTe COMEPKANIOCh HE MEHbINE TPEX-
it GOP

Ananus3 peynvmamog IKcnepumenma

B x07i€ SKCIIEPUMEHTOB TOJIyIeHbI TAOIUIEI C Pe3ybTaTaMU H3MEpPEHUs
OmmMOOK W IO HUM MOCTpOeHs! Tpaduku. B 3abmyxieHue MOXET BBECTH
yka3aHHBIH Ha mIKaste abcmpce GuTpeiiT. ITo mapameTp, NepenaBacMblil Ffmpeg.
OnHako (AaKTHYECKH CKATHe MOXET MMeTh JPYrod, NOpod CHIBHO
ommuarompiicss 6utpeiit, ecmu Ffmpeg He MOXeT IOCTHTHYTH TpeOyemoro.
TostoMy Ha Puc. 2 mpescTaBieHs! ABa HabOpa KPHUBBIX: XUPHBIE YOBIBAIOLIIE

XapaKTepu3yIoNue 3HAdEHHe OMMOKH JUIA KaKHOro Kozeka (neBas oCb,
3Hadenns ot Hynsd 1o 100), ¥ TOHKHE BO3pacTaroliie peansHOe 3HaYEHHE
Ourpeiita (paBast och). 3HaueHHs OMTpelTa, BBONUBIIMECS NPH KOAUPOBAHNH,
yKa3aHBI Ha HIDKHEH IIKaJIe.
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3HayeHHe OMMOKM BO3MOXKHO TpaKkTOBaTh TakuM OOpa3oM: s
MOJHOCTRIO ~ YEPHOrO  Kaipa, MPEACTaBIIOIEro  KApTHHY  OUMOOK
(cpaBHMBAIOTCSI WACHTHYHBIE KaIpbl), YPOBEHb OIIMOKK OymeT paBeH HYJIO.
Ommbka xe, ¢ ypoBHeM 100% cooTBETCTBYET ABYM KaJpaM, B KOTOPBIX MOAYJIb
Pa3HOCTH 3HAYEHUH SPKOCTH [IBYX IHKCeNed paBeH 255, TO €CTb MaKCHMyMYy
IPH BOCBMUOWTHOM KOJHpoBaHUY. Taxoi Kamp Oyner GensIM B KaXH0# Touke.
JIro6oii Apyrodl ypoBeHb OLIMOKH MOXKET OBITh NPENCTAaBICH KaK POLEHT
HECOOTBETCTBHS CXKATOTO KaJpa 3TAIOHHOMY WIHM 3aKOXHPOBAHHOTO BHIEO
HCXOIOHOMY.

IMockonpky B TaHHOM cilydae HaM TpeOyeTcsl OLEHUTh OIMOKY IO Kaapy
B IeNOM, TO JaibHeimas paboTa NpoBOAWIach HE C OTHENbHBIME 30HAMH
Kafpa, XOTS 3TO IO3BOJLIET CHEeNaTh JONOIHUTENIbHEIE BEIBOIEL, a C KaApoM B
uenoM. [ 3TOro HYXHO M3 MHOXKECTBA 3HAUCHHH IOIYYHUTH OJHO
ycpenHeHHOe. I'padudeckuM METONOM 3TO AENAeTcs IIyTeM YMEHBIICHHS
n3o0paxkeHuss 10 pasMepa Ix] nuKcenb ¢ NPUMEHEHHUEM HHTEPIOJLIIIHM.
OOBMHBIE METOJBI MHTEPIOJLSIIUY TO3BOJLIIOT C PAa3HOM CTENEHBIO TOYHOCTH
BBIYHCIATh 3HAYEHWS IMKCENed NpU WM3MEHEHUH pa3MepoB H300pakKeHUs,
HarboJIee TOYHBIM ¥ 9aCTO MPUMEHIEMBIM SBIIETCS OUKYOHIECKHI METO, OH U
TPUMEHSIICS.

CpenHee 3HaUeHHE OMHOKH U peaTbHOTO GHTpeliTa
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—VP9 H.264 Peanssetii Surpeift
HEVC Peansseiit Gutpeiit —— VP9 Peansrerii Gurpeiir

Puc. 2 Tlpumep npuMeHeHus rpaguuecKoro MeTosa OLeHKH A1
cpaBHeHus kozxeko HEVC u VP9
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Jl1st pOBEZIEHUsT OLIEHKH TI0 TaKMM TpavikaM MOXHO BOCIOJb30BATLCS
CIIEIYIONIUM AITOPUTMOM:

1. BsiOpaTh WHTEpECYIOLl yPOBEHb OMMOKM Ha JICBOM IIKane
IPOBECTH TOPM3OHTANBHYI0 JIMHMIO JO TepecedeHus ¢ rpaduKaMu
paccMaTpUBAEMBIX KONEKOB (KupHbIe HuK). Haxomures ypoBeHb “BXOIHOTO”
GUTpeiiTa, IPH KOTOPOM KOJEK MMEET HHTEPECYIONMHI YPOBEHD OLIOKH.

2. U3 Touek IepecedeHHs MPOBECTH BEPTUKAIBHBIC JMHMH [0
TIepECEUeH s C COOTBEICTBYIONMMH TpaduKaMu peallbHbIX GHTPEHTOB (ToHKHE
JIMHEM TOTO ke 1Bera). IIoydaeTcs COOTBETCTBYIOUIMH 3a/JaHHOMY OHIpEHTy
peabHbIIA OUTPENT.

3. U3 sTHX TOYek MepecedeHHs OIMyCTHThH IIEPIICHOUKYIIPEI Ha OCh
PEANBHEIX GUTPEHTOB, TEM CaMbIM, [ONYUHB PEATbHOE 3HAUCHHE OUTpEHTa /st
OMPEIEIEHHOTO YPOBHS OIIHOKH.

IIpyMep MCTIONB30BAHKS STOTO aNropuTMa IpuBeseH Ha Puc. 2. Tak npu
cpaBHernu xozexos HEVC i VP9 npu ypoBHE OLIMOKH PaBHOM 2,75% moTepu
JAHHBIX B COKATOM BHJIEO, TIPH MCTIONB30BAHMY JAHHOTO AJTOPUTMA PeabHbIH
cpenuuit Gutpeiit xonexa HEVC nomydmncs pasub 10450 x6ut/c, a VP9
9000 xour/c.

TaxuM 06pa3oM, Mbl TONyYaeM MeTOJ OLEHKH OUIMOKA KOAUPOBAHHS
BUNEO ¥, HCIONE3ysS OTOT METOf, MOXEM CPaBHUTh (HaKTHIECKYIO
5()(GEKTUBHOCTS CXKAaTUA Ul 3aIaHHOTO  YPOBHI OIMOKK CPAaBHUBAEMBIX
o6pasuoB. VHaue roBopsl, IMEEM BO3MOXHOCTH OIICHMTE, Kakoi Komek Oynmer
06JafaTh 60BIIM KO3 (HUIMEHTOM CoKaTHs NPU MOCTOSIHHOM KadeCTBE.

Kpome Toro, Meron MO3BOJISIET OLECHHUTH DPACTIPENEICHHE ommoOKy Ha
mo6oif o6macTH Kampa TNpHM TOMONN MacKupoBaHus. Tak B pamkax
TIPOBEICHHBIX JKCIIEPUMEHTOB Oblia OTHENHHO MPOM3BE/ICHA OLCHKA YPOBHS
ONMOKY Ha TJIABHOM 00BeKTe cheMku ((poTorpaduu denosexa) IpH PasHON
rIyOuHE Pe3Ko HM300paKAeMOro NPOCTPAHCTBA UL HMCCIENOBAHHUS BIIMSHASL
peskocTH (oHa Ha Ka9eCTBO H300paKeHns 00beKTa.

IIpeyio>KeHHBIH  CIIOCOO  BBIYUCIEHHS —  CIHUIIKOM CIIOXHBIA |
rpoMosnkmii. B mouckax Jyymero Oblla [POBEACHA  aNMMPOKCHMALST
PE3yIBTATOB SKCTIEPHMEHTA METONOM HAMMEHBIIMX KBajparoB. B kadecTse
anmpOKCHMHPYIONMX  GYHKIME ObUM  ONMPOOOBAHBI PasIMYHBIE dyHKIIH:
CTeleHHble, MOKa3aTelbHbIE, JOTapU(PMUUECKHE, TPUTOHOMETPUIECKHE U
pasmuBble  uX ~ komOuHaumu. — Hawnydmee — mpuOmmkeHue  namd
norapumudeckie (QYHKIME, OHM JaBaIM HAUMEHBIIYIO CPEIHIOI0 ommoOKy
aNTpOKCHMANKH. B WTOre TMOIydYeHs! clemyromue QYHKIMK M TPEX KOIEKOB
(Tabmma 1):
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Tabmina 1. AnnpokcumMupyrome QyHKIAH

Konex DyHKIMA Cpeansis olHOKA anmnpoKCHMAUAM
H.264 18.564 — 1.519*Ln(x) 4.42801
HEVC 11.879 — 0.866*Ln(x) 3.09489

VP9 7.882 — 0.387*Ln(x) 3.04082

Ha Pucynke 3 BumHa (akTHueckas 3aBUCHMOCTb OUIMOKH KOZWPOBAHUS
HCCIenyeMbIMA KOJICKaMi OT OUTpeiiTa, BEMUCIECHHAS IPU IOMOIIM ()yHKIIHH,
onucanHeIX B Tabmune 1.

14F

5000 10000 15000 20000 25000

Puc. 3. Annpoxkcumupyronme (yHKIAH KOJIEKOB: 3aBHCHMOCTD OIIMOKH
KoIupoBaHus oT Outpeiita (OT Hauanma oTcyera cBepxy BHU3: H.264, HEVC,
VP9; mxana ommbok HMeeT MakcuMyM 255)

Merox omnpoGoBaH Ha cpaBHeHHH S(Q(EKTUBHOCTH CXaTHSI Tpems
KOJEKaMH, M TOJydCHHBIE Pe3yNbTaThl NOKAa3bIBAIOT, YTO IIPU OAHMHAKOBOM
ypoBHe o6k konex H.264 mo cpaBHEHMIO C:

1 SHEVCS
o Menee s dexTuBeH B cpenHeM Ha 17%,
e MUHMMAJbHO Ha 9% (Ha BBICOKUX OUTpeiTax),
e MakCcHUManbHO Ha 29% (Ha HU3KHX OUTpeiTax).
i NARSE
e Menee s3¢dexruBer B cpenHeM Ha 13%,
e mpu GuTpeiitax npumepHo 12000 x6uT/c paBHOIDHEKTUBEH
o mpu 6uTpeiitax cepire 12000 x6ut/c 60ee 3¢ dekTHBeH BIOTH 0 74%.

Ilo wWroraM WCCIENOBaHMN H3MEHEHHs YpPOBHA OIIMOKM Ha IJIaBHOM

00BEKTE ChEMKH OBUTH TIOJIyYeHBI CleAyrolye pe3ynbTarsl (Tabmma 2):
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Ta6mana 2. PocT onmmbKy KOJUpOBaHyst PY M3MEHEHWUH CJOXKHOCTH

Kajapa
Kopex H3MeHeHHe CJA0KHOCTH N300 pakeHHsI
Yepupiii pon — Huzkas I'PUTT Yepnbiii pon — Beublii mym
H.264 +124% +363%
HEVC +77% +400%
VP9 +61% 2128876

BoJiee TOro, Ha yepHOM (oHe olmbKa Ha 0OBEKTe NpeBbIaa o01my1o
onmGKy Ha Kajipe, Of{HaKO TPH H3MEHeHuH QoHa Ha OeIblii IyM cTajla MEHBIIIE
061mell ommOKK MPUMEPHO B TPH pasa.

JlaHHEIH ~ METOX  MOXET MONY4WTh  pAa3BUTHE, CBA3AHHOE C
TIepIEMIMOHHBIMH onlerkamu. [locTpoeHue KapTHH ommbOoK, mpuMep KOTOpOi
npuBesieH Ha Puc. 1, TMO3BOJMT OIEHMBATH IPYIIIMPOBKY onm6oK, pa3bpoc
APKOCTH TIHKCENeH, T0 ecTh pasbpoc ypoBHe#t ounmoku. Kpome TOro, Takue
KaIphI-Pa3HAULIBI TIO3BOJIAT OLIEHUBATH AMHAMHUKY H3MEHCHUS KapTHHbI OO0k
¥ CPEHEro ypOBHs OIIMOKH BO BPEMCHH IyTeM CPABHEHHs PAa3HOCTH MEXIY
ABYMs COCETHMMHA KaJpaMW OPHMIMHAIBHOTO BHJ€O W IBYMA KaJpamu,
OTOGPKAIOIUMHI OIHOKH.

Ipooonsicenue uccnedosanui

[InaHupyeTcss — WCIONb30BAaHME METOAa A OLCHKM  KadecTsa
BHIeOTpaHCHAmmi B cetn Marepmer. [lmi aToro TpeOyercss Haexaym
00pa3oM ero aBTOMATH3HMPOBaTh, a TAKKe pa3paboTaTh U BBHIMHCIHTH HOBBIC
METPMKM ¥ CIIOCOOBI OIEHKH. Heo6x0xuMO HPOVBBOAUTH OOIIYIO OLEHKY
TPAHCIAIWY, ONMPAsCh Ha JAHHBIE W YaCTHEIC OUEHKM IONYdICHHBIC MEPE/
IIepPEKO/IUPOBHAEM K OTIPABKOW MOTOKA Ha CEPBEP, HA CEPBEPE, a TaK KE
TIONydeHHBIE [PH H3MEPEHHMH KayecTBa Y OTHENHHO BBIOpAHHBIX KOHEYHBIX
spurenei [8].

3akniouenue

IoydeHHBle PE3yNbTaTsl B 00MIEM COOTBEICTBYIOT CYLICCTBYIOUIMM
omeHkaM  J(QEKTUBHOCTH  PACCMOTPEHHBIX  KOJEKOB, ~ OJHaKO B
CMOJIeNPOBAHHBIX MpPENeIbHBIX CHTyamusix (Oermbli 1Iym, uéprbiii  GoH)
Pe3yIbTaThl OTIMYAKOTCS OT OKUIAEMBIX, TAaK KaK KOJEKH HE pAacCHHUTAHbI Ha
TaKoe COZIEPIKAHHE.

B pesynbrate HCCIEIOBaHHM MONHOCTBIO TOATBEPHK/CHA THIOTE3A O
BIVMSHAA CJIOKHOCTH H300paKEHHsS B Kagpe Ha KadeCTBO KONUPOBAaHMA, B
YaCTHOCTH MOKA3aHO, UTO BBICOKasl JeTATM3anus (OHA MPUBOAUT K MOBBIIICHIIO
OIIMOKH CHKaTUsI OCHOBHOTO 00BEKTa CHEMKIL

Cozpemennsie konekn (HEVC u VP9) nokasam Ipenckasyemo Jyuime
pe3yIbTaThl, 4eM TOBCEMECTHO pacnpocTparenHsiit H.264, ocobeHHO

TpeaIokKeHHbIH METO MOXKeT ObITh MCIONB30BAH I OLEHKH yPOBHA
BHOCHUMBIX HCK2KEHWH, HO, B OTIHMYHME OT OOIICIPHUHATEIX (HAIpUMED, PSNR),

1152

HO3BOJET IIOJYYMTh HAIUBIIHYIO KAapTHHY H IIOHATHYIO, (H3MYECKH
060CHOBaHHYIO KTy STHX UCKaKEHUH.

VicxoHble JaHHBIE, MCIOJB30BAHHBIC IJIS IPOBEIEHHS BKCIEPUMEHTOB
JOCTYTIHBI TI0 CIEAYIOIeMy anpecy: http.//od.lk/fs3r
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