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IIpenucaosue
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PEKOMEHJALIMA MC3-R BT.1885

MeToabl 00beKTUBHOTO U3MEPEHUsI BOCIPUHUMAEMOIr0 KauecTBa U300pakeHus,
npeIHa3HAYeHHbIE /151 HU(PPOBOro BeNaTeJIbHOI0 TeJIeBUIEHUSI CTAHIAPTHOM
YETKOCTH, IPU HAJTMYHMH ITAJIOHHOTO CUTHAJIA C YMEHbIIEHHOH M0JI0COH YaCTOT

(2011)

Cdepa npumeHeHus

B macrosmielr PexomeHparnuu onucaHbl METOABI OOBEKTUBHOW OIEHKM KauyecTBa H300paKCHUS,
MpeIHA3HAYCHHBIC I IU(PPOBOTO BEUIATEIBHOIO TEJIEBUACHUS CTAHIAPTHOW YETKOCTH, KOTOPBIC
MTO3BOIISIIOT U3MEPSITh BOCIPUHUMAEMOE KadeCTBO HM300paKEHHS B YCIOBHSX IpuUeMa Ha MOOWIBHBIE U
CTallMOHAPHBIE CPEJICTBA, KOTJa XapaKTePUCTUKHU, NOJYYEHHbIE HA OCHOBAaHWU 3TAJIOHHOTO BMJIEOCUTHAA,
JIETKOAOCTYIHBI B U3MEPUTEIIBHON TOUKE.

Accambnes paguocssizu MCD,

yuumbuledast,

a) YTO JKENaTeNbHO OOEeCHeunBaTh CIIOCOOHOCTh aBTOMATHYECKOTO W3MEPEHHS yXyAIICHHS
TPAHCIUPYEMBIX BUACOCUTHAIIOB;

b) 4YTO BOCIIpUHUMACMOC Ka4dY€CTBO I/I306pa)KCHI/I$I npu ImnpueMe Ha MOOUILHEIE CpeacTtBa MOXKCT
JUHaAMHYCCKU MCHATHCA B 3aBUCHUMOCTH OT YCHOBI/Iﬁ Inmpuema,

c) 49T0 OOBEKTHBHOE HM3MEPEHHE BOCIPHHUMAECMOTO KadyecTBa H300paKCHUST MOXKET 3(PQPEKTHBHO
JOTIOJHATH METObI CYOBEKTHBHOM OLICHKH;

d) 4T0 Ha paccMoTrperre MC3-R Obun mpeasioKeHbl TP METO/a U3MEPEHHsI KaueCcTBa H300pasKeHUS
ULl U(POBOTO BELIATEIBHOTO TENEBUACHUS CTAaHAAPTHOW YETKOCTU IPU HAJIMYUHM 3TAJIOHHOTO CUTHAJIA C
YMEHBIIEHHOH TOJOCOH 4acTOT, U ObLI0 0OHApy:KEHO, YTO 3T METOJABl 00eCleunBaIOT SKBHBAJICHTHBIC U
XOPOILO COTJIACOBAHHBIE PE3YIIbTATHI;

e) gyto B Pekomenmaruu MCO-R BT.1683 omnmceBaroTcs OOBEKTHBHBIC METOABI H3MEPCHUS
BOCIPUHMUMAEMOT0 KadyecTBa M300pakeHHs HU(POBOrO paJMOBEIIATSIILHOTO TEJICBUACHUS CTaHIapPTHON
YETKOCTH MPHU HAJTMYUU ITAJOHHOTO CUTHAJIA C TTOJIHOW MOJIOCOH YacToT,

pexomenoyem,

1 YTOOBI JJIA 00BEKTUBHOTO HU3MCPCHHS BOCIIPUHUMACMOI'0 Ka4eCTBa I/I306pa)¥(eHI/I${ JJIA I.IPI(l)pOBOl"O
pagnuoBCHIATCIILHOTO TECJICBUICHUA CTaHIlapTHOﬁ YCTKOCTH TIpU HAJIWYUMU DOTAJIOHHOIO CHUrHajla C
YMCHBH_ICHHOI‘/'I IMOJIOCOM YacTOT HCIOAL30BaANach JH00as H3 IMPUBCACHHLIX B HpI/IHO)KCHI/II/Il MOI[GJIeﬁ
00BEKTUBHOM OIICHKH Ka4CCTBa I/I306pa)KeHI/I$I.

1 BBenenue

Hanneie ucneitanuss RRNR-TV mpenHasHadeHsl i1 W300pakeHH, OMpENSICHHBIX B PekoMeHmanuu
MC3-R BT.601-6, u AByX THUIOB MOJENEH C ATAJOHHBIM CHUTHAJIOM C YMEHBIIEHHON MOJOCOM YacTOT
(yxynmeHHBIM 3TaToHHBIM curHajgoM) (RR) u oTcyrerBuem atamonHoro curaana (NR). Moxenn RR umerot
JIOCTYT C OTPAaHUYEHHOM MIMPUHOM MOJIOCHI K BUJIEOCUTHATY UCTOYHHKA, a Mojiesid NR He UMEIOT JocTyna K
BHJICOCUTHAITY UCTOYHHKA.

B mensx HRC B KaxkaoM D3KCHEpUMEHTE OCYIIECTBISNIOCh W KOAWPOBAaHWE TOJNBKO apTedakToB, W
KOJIMPOBAaHKE ¢ OMMOKaMH mepenadn. beumm nmpoBeperHsl cxembl koaupoBanns MPEG-2 u H.264 (MPEG-4
yacts 10). Konepst MPEG-2 pabotanu ¢ pa3HOii CKOPOCTBIO Tiepenaun B Auamnasone ot 1,0 go 5,5 Mour/c.
Koneper H.264 pabotanu ¢ pa3Hoii ckopocThio mepenayn B auarnasone ot 1,0 mo 3,98 Mout/c. Kaxnsiid
9KCIIEPUMEHT BKJIFOYaN 12 MCXOAHBIX TOCIENIOBATENFHOCTEH, TPH ATOM JIBa MCTOYHHUKA OBLIM CEKPETHBIMH.
B xaxxmom skcniepumente npuMensiuck 34 HRC u 156 o6pabdoTtannHbIx Buaeonocheaoparensuocteit (PVS),
u3 kotopsix 40 PVS conepxanu ommbku nepenauu, a 116 — ToIbKO OIMIMOKH KOAUPOBAHHSL.
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1.1 IIpumenenue

B macrostmelt Pexomenaamnuy mpencTaBieHbl OICHKN KauecTBa H300pakeHus U1 N300paKeHUN KIIacCoOB OT
TV3 no MMS5B, xotopeie onpenenensl B [Ipunoxenun B k Pekomennaruu MCO-T P.911. Ilpumenenue
MOJIeJIei OIIeHKH, OTIMCAaHHBIX B HACTOSIIEH PexoMeHaanmuy, BKIFOYaeT B TOM YHCJIe CeIyrolee:

1 KOHTPOJIb KadecTBa, MOTEHUHMAIBHO B PEXUME PEalbHOIO BPEMEHM, Y HMCTOYHHKA B IIpOLIECCE
3KCIUTyaTaluH;
2 KOHTPOJIb KauecTBa B YJAJICHHOW TOYKE, KOTJa JOCTYMHbI OOKOBBIC KaHAIbl i (DYHKIIH,

MOJIY4YCHHBIX U3 BHHCOHOCHCHOB&TGHBHOCTGﬁ HCTOYHHKA,

3 M3MEpeHHne KayecTBa TSI KOHTPOJISI CHCTEMBl XpaHEHHS WM Tepeladd, B KOTOPOW MCHOIB3YIOTCS
METO/JIbI CKATHUS U Pa3BEPTHIBAHUS BUACOCUTHAA MTPY JTUOO OJHOKPATHOM MPOXOXKJICHUH, JTHOO MPH
WCTIOJIh30BAaHUH KOMIUIEKCA TAKUX METOJIOB;

4 71a00paTOPHOE UCTIHITAHUE BUACOCHUCTEM.

1.2 Orpanuvenust

OnucaHHbIC B JaHHOW PexomMeHmanum Moaeau OICHKH HE MOTYT OBbITh MCIIOJIb30BaHBI I TOJHON 3aMEHBI
CyOBEKTHBHBIX HWCIBITAHUN. 3HAUEHUS KOPPENSAIMH MEXAy JABYMsS TIIATENFHO pa3pabOTaHHBIMA U
BBITIOJITHCHHBIMH CyOBEKTHBHBIMHA HCIIBITAHUSAMH (B IBYX Pa3HBIX JTA0OpaTOPHUAX) OOBIYHO HAXOMATCS B
muarasone 0,95-0,98. Ecnu nanHas PexoMmeHpanus MCHOIB3yeTCs A CPaBHEHHS JBYX Pa3HbBIX KOJEKOB
JUISL OTIPENICICHUST TOYHOCTH MOJICNIM B JAHHBIX KOHKPETHBIX YCIIOBHSX PEKOMEHIYETCS HCIIOJIb30BaTh
KOJIMYECTBEHHBIN MeTo 1 (Harpumep, onucanublil B Pekomenmannn MCO-T J.149).

Monenu, mnpencTaBieHHbIE B HacTosmell PexomeHmanuu, ObUTH NpOBEpEHBI NMpPHU MOMOIIM H3MEPEHHUs
00BEKTUBHOI'O KauecTBa N300pakeHHs], IEMOHCTPUPYIOIIEro (PUKCAINIO KaapoB 10 2 C.

Mogenu HacTosiied PekoMeHIalMyu He MPOBEPSIINChH B OTHOIICHUU H3MEPCHUS OOBEKTHBHOTO KavecTBa
N300paXKEeHUSI, UMEIOIIEr0 TOCTOSHHO PACTYIIYIO 3aJepKKy (HampuMep, BHICOCHTHANA, KOTOPBIA He
0TOpachiBacT MPOMYIICHHBIE KaJphl OCIe QUKCALUU Kaapa).

Crnemyer OTMETHTh, YTO B CIy4Yae HOBBIX TEXHOJOTHH KOIUPOBAaHUS U IMEpeladyd, CO3JA0NMX apTedakTh
M300pakeHNs, He BKIIIOUYCHHBIE B JAHHYIO OIIEHKY, MOJEIH OOBEKTUBHOHN OIGHKM MOTYT IaTh HEBEPHBIC
pe3ynbraThl. B TakoM citydae HeoOXoauMa CyObeKTHBHAS OIICHKA.

2 CnpaBoyHblie JOKYMEHTbI

VYka3anuele HIke Pekomennanmu MCD u apyrue cipaBo4HbIe JTOKYMEHTHI COAEpKAT MOJI0KEHNS, KOTOpBIE
IIyTEM CCBUIKA Ha HUX B J@HHOM TEKCTE€ COCTAaBJIIOT IOJOXEHHs HacTosmed Pexomenmanuu. Ha MomeHT
nyOnvKanuyM yKa3aHHbIC HW3AaHUs ObUIM AelcTByrommMMu. Bcee PekomeHnmanmmum u JOpyrue crpaBOYHBIE
JOKYMEHTBl MOTYT MOJBEpraTbCsi MNEPECMOTPY, IO3TOMY IONb30BATENsIM HacTosmeld PexoMeHnapannun
MpeIUIaracTcs H3Y4YHTh BO3MOXHOCTh IIPUMEHEHHA IOCIEIHEr0 W3JaHusA PexkoMmMeHmamui W Ipyrux
CIPAaBOYHBIX JOKYMEHTOB, TIepe4YMCICHHbIX HIbke. CIHCOK [EHCTBYIOIIMX B HACTOAIIEE BpeMs
Pexomenmanuit MCO-T perymnspHo myOiauKyeTcs.

Ccbulka Ha JTOKYMEHT B paMkax 3Toil PexomeHmanuu He JaeT eMy KakK OTICIbHOMY NOKYMEHTY cTaryca
Pexomennamumn.

2.1 HopmaTHuBHBIE ClIPpAaBOYHBIE JOKYMEHThI
Pekomenmanus MCD-R BT.500-12 — Meronuka CyOBEKTHBHON OIICHKHM KadeCcTBa TEJICBU3MOHHBIX
M300paKeHUH.

ITU-T Recommendation P.910 (2008) — Subjective video quality assessment methods for multimedia
applications.

ITU-T Recommendation P.911 (1998) — Subjective audiovisual quality assessment methods for multimedia
applications.
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ITU-T Recommendation J.143 (2000) — User requirements for objective perceptual video quality
measurements in digital cable television.

ITU-T Recommendation J.244 (2008) —Full reference and reduced reference calibration methods for video
transmission systems with constant misalignment of spatial and temporal domains with constant
gain and offset.

2.2 HNudopmaunoHnbie cipaBo4Hble JOKYMEHTBI

ITU-T Recommendation J.149 (1998) — Subjective audiovisual quality assessment methods for multimedia
applications.

ITU-T Recommendation J.144 (2001) — Objective perceptual video quality measurement techniques for
digital cable television in the presence of a full reference.

ITU-T Recommendation P.931 (1998) —Multimedia communications delay, synchronization and frame rate
measurement.

ITU-T Recommendation J.148 (2003) — Requirements for an objective perceptual multimedia quality model.
ITU-T Recommendation H.261 (1993) — Video codec for audiovisual services at p x 64 kbits.
Pexomenmanus MCO-T H.263 (1996 r.) — KonmupoBanue BuieocurHaia il HU3KOCKOPOCTHOMW CBSI3H.

Pexomenmanims MCD-T H.263 (1998 r.) — KoampoBanue BHIEOCHTHAja s HU3KOCKOPOCTHOW CBSI3U
(H.263+).

Pexomenmanms MCDO-T H.264 (2003r.) — VYiyudmeHHOEe KOAWPOBAHWE BUICOCHTHANA IS
OCHOBOIIOJIATAIOIINX aYAHOBU3YAIBHBIX YCIYT.

VQEG - Validation of reduced-reference and no-reference objective models for standard definition
television, Phase I, 2009.

3 Omnpenenenust

31 TepMuUHBI, OTIpe/ieIeHHbIE B IPYTUX JOKYMEHTaxX
B HacTosme#t PekoMenganum UConb3yoTes CIeAYIONINe TEPMHUHBI, ONpe/ielIeHHbIE B IPYTHX JOKYMEHTaX:

3.1.1 cyobekTHBHasi ounenka (u3o0pa:xxeHme) (subjective assessment (picture)) (ITU-T
Recommendation J.144): pakynbraTuBHOE IUTUPYEMOE OTIpEICIICHHE.

3.1.2 o0beKTHBHOe H3MepeHHe Ha OCHOBe BocnpusTus (u3odpa:xkenue) (objective perceptual
measurement (picture)) (ITU-T Recommendation J.144): ¢pakynsTaTUBHOE HIUTHPYEMOE OIIpECICHHUE.

3.1.3  croponnuk (Proponent) (ITU-T Recommendation J.144): ¢akynpraTuBHOE LUTHpPYEMOE
oIpesieNeHue.

3.2 TepMuHbI, onpeaeieHHbIe B HacTosileld Pexomenganumn
B nacrosimeit PexkoMmenanuu onpeaeneHsl cleIyone TePMUHbL:

3.2.1 AwnopmaabHbIii NOBTOP KaapoB (Anomalous frame repetition): onpenensiercs kak coObITHE, IPU
kotopoM Ha BbeIxoge HRC mnocrosiHHO BbIpabaTeiBaeTCs OAMH Kaap B OTBET HA HEOObIYHOE WU
AKCTPAOPIUHAPHOE COOBITHE. AHOPMAIILHEIN MTOBTOP KAJAPOB BKIIOYACT, B TOM YHCIIE, COOBITHS CIEAYIOIIHNX
TUMOB: omMOKAa B KaHaje TMepeJaud, W3MEHEHHEe 33JCepKKH B KaHale TIepeJadd, OrpaHuvYeHHbIe
BBIYUCIUTEIBHBIE PECYPCHI, BO3ICHCTBYIOIINE HA MPOU3BOAUTEIBHOCTE AEKOAEPa, a TAKXKEe OrpaHUYCHHBIC
KOMITBIOTEPHBIE PECYPChI, BO3EICTBYIOIME HA OTOOpa)keHHE BUACOCUTHAIIA.

3.2.2 Tocrosinabiii mpomyck kaapa (Constant frame skipping): ompenensercs kak coObiThe, TpU
koTopoM Ha Bbixoze HRC BrIpabareiBaloTCsl Kagpbl ¢ OOHOBJICHHBIM COIEPXHUMBIM IpU 3()(HEKTUBHON
4acTOTE KaJpoB, KOTOPas ABIAETCS (PUKCUPOBAHHON M MEHBILIC YAaCTOThI KaJPOB HCTOYHHUKA.

3.2.3  OddextuBHas yacrora kaapos (Effective frame rate): ompenensercs xak 4ucio yHUKaIbHBIX
KaJipoB (T. €. 00IIee YUCIIO KAJIPOB — IIOBTOPHBIC KAJPhl) B CCKYHITY.
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3.24 Yacrtora kagpoB (Frame rate): onpezensercs Kak YUCIIO YHUKAIBHBIX KaApPOB (T. €. 00IIee Yrcio
KaJIpOB — ITOBTOPHEIE KaAPhl) B CEKYHITY.

3.2.,5 3apgannas yacrora kaapoB (Intended frame rate): ompenmenseTcss Kak YHCIO BHICOKAIPOB B
CeKyHIy, (U3NUYECKH COXpaHEHHBIX IS MPEICTaBICHUS BHIICONOCIEIOBAaTEIbHOCTH. YacToTa KaapoB
JIOJDKHA OBITH TOCTOSHHOM. [IByMs mpuMepaMu MOCTOSHHOHN 3aJaHHOW YacCTOTHI KaJpOB SIBIISIOTCS JICHTA
BetacamSP®, coxepxkarias 25 kanpoB B cekyHay, u YUV-daiin Ha 625 crpok, coorBercTBytonmit VQEG
FR-TV Phase I u coxepxammii 25 kagpoB B CEKyHAYy; B 000MX clydasx 3aJaHHAs dYacToTa KaJpoB
COCTAaBIIACT 25 KaJIpOB B CEKyHY.

3.2.6 Peannnbie cereBble ycaoBusi (Live network conditions): ompenensirorcss kak OIIMOKH,
BO3HHUKAIOIIHUE B IU(YPOBOM JBOMYHOM BHJICOTIOTOKE IOJI BO3JCHCTBUEM PEabHBIX CETEBBIX YCIIOBUI.

3.2.7 Ilay3a c¢ mpomyckom (Pausing with skipping): onpenensercs kak coObITHe, TpU KOTOPOM
M300pakeHrEe MPUOCTAHABIMBAETCS HA KaKOW-ITHOO TEepHol BpEMEHH U Jaliee BO3OOHOBISIETCS C TOTepel
BuaeonH(popMarun. [Ipy BOSHUKHOBEHUH T1ay3 ¢ MPOIYCKOM BpeMEHHAs 3a/iepKKa B CHCTEME M3MEHSIETCS
OTHOCHTEIFHO CpEIHET0 3HAa4eHHWS 33JEpPKKH CHCTEMBI, YBEIMYHBASCh WIH yMeHbImasch. OmHMM w3
TIPUMEPOB TIAY3BI C TIPOIYCKOM sBJsieTcs mapa IP-BuaeorenedoHOB, KOTa HHTEHCUBHEIN CETEBOM Tpaduk
BBI3BIBACT KOPOTKHE 3aMHUpaHus w300pakeHws Ha [P-pumeorenedone, korma wu3o0pakeHHEe Ha
IP-BuzeoTeneone BO30OHOBIISCTCS, YaCTh COACPKMUMOTO OKa3bIBACTCS OTEPSHHOM. [10CTOSIHHBIN MPOIyCK
KaJpoOB M MEPEMEHHBIM NPOIMYCK KAAPOB SBISIOTCS MOAMHOXKECTBAMM May3bl ¢ MPONyCKOM. JJIUTENbHOCTD
00pab0TaHHOM BHUIEOIIOCIE0BATEIHHOCTH, COIEpIKaIIlel may3bl C MPOIyCKaMu, OyAeT MPUMEPHO TaKoil ke,
KaK " JUIUTEJBHOCTh COOTBETCTBYIOLIEH OPUTHMHATBHON BUAECONOCIE0BATENLHOCTH.

3.2.8 Ilay3a 6e3 mponycka (Pausing without skipping): onpexnensiercs xak mo0oe coObITHE, TpU
KOTOPOM H300pakeHHe MPHOCTaHABINBACTCS HAa KaKOW-THO0 Mepro] BpEMEHH U Jaiee BO30OHOBIseTCs Oe3
notepu BuneonHdopmaru. Takium 00pa3om, BpeMEeHHAs 3a/IepKKa B CHCTEME JTOJDKHA YBEINYUBATHCS.

3.2.9 Yacrora odonosjenusi (Refresh rate): ompemensercs kak dYacTtoTa, ¢ KOTOPOW OOHOBIAETCS
n300pakeHue.

3.2.10 Hmutupyemble ommOku mnepeaauyu (Simulated transmission errors): omnpeaensOTcs Kak
OIMOKY, BOSHUKAIOIINE B IN(POBOM ABOMYHOM BHICOMOTOKE B KECTKO peryiupyemoii cpene. K mpumepam
OTHOCSITCS 4YaCTOTa UMUTHPYEMOH IMOTePH MAKETOB U HIMHTHPYEMbIe OUTOBBIC OIITHOKH.

3.2.11 Yacrora kaapoB wucrouyHuka (Source frame rate) (SFR): 3amanHas uyacrota KaapoB
OpPUTHHAIBHON BUICOTOCIEIOBATEIFHOCTH UCTOYHMKA. YacToTa KaApOB MCTOYHUKA SBISETCS IMOCTOSHHOM.
st uciertanuit VQEG RRNR-TV gacrora SFR cocrasmisima 25 umu 30 KagpoB B CEKYHITY.

3.2.12 Owmudxu nepenauu (Transmission errors): onpenenstorcs kak obdas ommOKa, BOSHUKAIONIAS B
XOJIe MepeIayul BUAOCUTHaoB. [IpuMepamMur 3TOro TUIIAMH OIMOOK MOTYT CIYXHTh UMUTHPYEMbIC OINIHOKH
nepeaayvr U pealbHbIe CETEBbIC YCIOBUSIL.

3.2.13 Ilepemennnlii mponyck kaapos (Variable frame skipping): ompenensercs kak coObITHE, TIpH
kotopoM Ha BbIxoge HRC BeIpabGaTBIBArOTCS Kaaphl ¢ OOHOBIEHHBIM COICPKAMBIM TIpH 3(PPeKTUBHOMN
JaCTOTC KaJApoOB, KOTOpass U3MCHACTCA BO BPEMCHH. BpeMeHHéSI 3a€pKKa B CUCTCME 6YI[CT C TCUCHHEM
BPEMCHU YBCIMYMBATBCA W YMCHBIIATHCA, U3SMCHAACH OTHOCUTCIBHO CPCAHCTO 3HAYCHUA 3aACPKKHU
cucteMbl. JnmuTensHOCTh 00paboTaHHON BHIIEOMOCIEOBATENFHOCTH, COJCpKallel IepeMEeHHBIE TIPOITYCKH
KaupoB, OyneT TpUMEpPHO TaKOW K€, Kak U JUIUTCIIBHOCTh COOTBETCTBYIOIICH  HMCXOJHOU
BH/ICOIIOCIIEIOBATEIIEHOCTH.

4 CoxpaieHust 1 aKPpOHNUMBI

B HaCTOSIH.[eﬁ PGKOMCHI[aLII/II/I HCIIOJIB3YIOTCH CICAYIOMINC COKPAIICHNUA U AKPOHUMBI:

ACR Absolute category rating (see ITU-T ITokazaTenp aOCOMOTHON KaTeropun
Recommendation P.910) (cm. Pexomenmamro MCO-T P.910)

ACR-HR  Absolute category rating with hidden [okazarenp abCOMOTHOM KaTETOPUH CO
reference (see ITU-T Recommendation CKPBITOM TAIOHHOM Bepcuel
P.910) (cm. Pexomenmanmro MCO-T P.910)

AVI Audio video interleave UepemoBanue ayIuo ¥ BUACO

DMOS Difference mean opinion score Cpennsis cyObeKTUBHAS OICHKA Pa3HUIIBI

FR Full reference DTaNOHHBIN CHUTHAI C TIOJHON MOJI0COH YacTOT

(TIOJTHBIN ATaJIOHHBIN CUTHAN)
FRTV Full reference television TeneBuaeHUe ¢ MOIHBIM STAIOHHBIM CUTHAJIOM



Pex. MCJ-R BT.1885 5

HRC Hypothetical reference circuit I'mnoternueckas dTajoHHAS IETTh

NR No (or Zero) reference OTCyTCTBHE 3TAJIOHHOTO CUTHaIa (HyJIeBOH
STAJIOHHBIN CUTHAI)

PSNR Peak signal-to-noise ratio IIukoBO€ OTHOIIIEHUE CUTHAJ/TITYM

PVS Processed video sequence O6paboTaHHas BUACOIIOCIIEIOBATEIBHOCTD

RMSE Root mean square error CpemHekBaapaTHIHAs OITHOKa

RR Reduced reference OTaJOHHBIA CUTHA C YMEHBIIICHHOW MOJIOCOH
4acTOT (YXyIIICHHBIH STAJIOHHBIN CUTHAI)

SFR Source frame rate YacToTa KaJpoB UCTOYHUKA

SRC Source reference channel or circuit DTaJOHHBINA KaHAJ WM STAJIOHHAS 1ETh
HUCTOYHHKA

VQEG Video Quality Experts Group I'pyrmma sKCIepToB M0 KaYeCTBY BHACOCHUTHAIIA

YUV Colour space IIBeTOBOE TIPOCTPAHCTBO

5 YciaoBHbIe 0003HAYEHUS

OTCyTCTBYIOT.

6 OnucaHue MeTo1a U3MEPEHHS C YXYAIIEHHBIM 3TAJIOHHBIM CHTHAJIOM

B Cirydya€ M€Toga CUMMETPHUYHOTO U3MEPCHUA C YXYAUICHHBIM 3TAJIOHHBIM CUTHAJIOM, NPECAHA3HAYCHHOTO
JJIA LIGJIGP'I 00BEKTUBHOTO U3MEPCHHA BOCIIPUHUMACMOI'O KadCCTBa I/I306pa)KCHI/I$I, OLICHHUBACTCA pa60Ta
CHUCTEM MYTEM CpPAaBHCHUA XAPAKTCPUCTUK HCUCKAKCHHOT'O BXOAHOI'O, WX 3TAJIOHHOTO, BUACOCUTHAJIA Ha
BXOA€ CUCTEMBI U YXYAUICHHOI'O CUTHAJIa Ha BBIXOAC CUCTCMbI (CM. PUCYHOK 1)

Ha pI/ICYHKel MNpeACTaBJICH MPUMCD MNPUMEHCHHUA MCTOHa C YXYAUICHHBIM J3TAJOHHBIM CHUIHAJIOM JJIid
HUCIIBITAaHUA KOACKaA B J'Ia60paTOpI/II/I.

PUCYHOK 1

I[IpuMeHeHUe MeTOAa H3MEPEHUS] BOCIPHHUMAEMOr0 Ka4ecTBa ¢ yXy/AIIEHHBIM 3TATOHHBIM CHTHAJIOM
JJISl MCTIBITAHUS KOJIeKa B JadopaTopuu

BxomHo#/3TarIoHHBI Hexozep
pumeocuruan | »|  Komep » | STAIOHHOTO >
CUTHasIA
UsBieueHmne MSSCTZXEﬂ OOBEKTHBHASA
XapAKTEPUCTUK ’ Ka‘{eflﬁ)CTBa —  OIIEHKa KaueCTBa
» »
»| s usMepenus ™| sobpakenns M300paKEH U
KauecTsa
BHJICOCHTHAJIA

BT.1885-01

CpaBHCHI/Ie BXOOAHOIO MW BBIXOOAHOIO CHI'HAJIOB MOXKCET HOTpe6OBaTL OCYIICCTBJICHU A BpCMeHHéFO
CorjlaCoBaHud WM TMPOCTPAHCTBECHHOT'O COIIaCOBAHUA, TOCICAHEC — IJIsI KOMIICHCAIluU Kakoro-mbo
BCPTUKAJIBHOTO WJIM TOPU30HTAJIBHOI'O CMCHICHUA WU O6p63KI/I I/I306pa)KCHI/I$l. OHO MOXET TaKXKe
HOTpC6OBaTB KOppEeKIUNU CABUTIa WU pPA3HUIBI YCUJICHUA B KaHallaX SAPKOCTU W LBCTHOCTH. I[anee
BBIUHCIIAETCS OOBEKTUBHAS OIICHKa Kadye€CTBa I/I306pa)KGHI/ISI, KakK HpaBUJIO, NYTCM IMPUMCEHCHUSA MOICIU
BOCIIpUATHSA T'JIa30M YCJIOBCKA.

CormnacoBaHue ¥ KOPPEKLUs YCUICHHsI Ha3bIBacTCsl HOpMau3anueil. ToT nmpouecc TpedyeTrcsl B CHILy TOTO,
9TO0 B OOJNBUIMHCTBE METOJNOB C YXYALICHHBIM ATaJOHHBIM CHTHAJIOM OCYIIECTBISIETCS MPAaKTHUECKU
MOMUKCENILHOE CpPaBHEHHE CBOMCTB, BBIACICHHBIX M3 JTAJOHHBIX HM300paXeHUH U 00pabOTaHHBIX
n3zobpaxenuit. [Ipumepom OyneT CiyKuUThb pacdeT NMUKOBOro oTHomeHus curuain/mym (PSNR). Vnanstorcs
TOJIBKO HE3aBUCUMBIE OT BPEMEHU CTAaTUYECKUE U3MEHEHUs B BUACOCUTHAJIC, & JUHAMUYECKUE U3MEHEHUS,
00yCJIOBNMBAaEMbIE HCTBITHIBAEMON CHCTEMOM, H3MEpSIOTCS B paMKax pacdeTa OLEHKM KadecTBa.
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B Pexomenmammusix MCO-T J.244 uw MCD-T J.144 mpuBeAcHBI CTaHIApTHBIE METONBI TPEICTaBICHUS
3HAYeHHUH, HEOOXOAMMBIX Ui HOpPMAallM3allii BUACOCHTHANA, 0 OCYIIECTBICHUS OOBEKTHBHON OILIEHKU
kadectBa. [loka3aTenn kadecTBa m300pakeHMs, onMMCcaHHbIe B IlpmmokeHnn Kk Hactosmieli Pexomennanuu,
BKJTFOYAIOT COOTBETCTBYIOIIME METO/IBI HOpMau3auy. B oTHOIIEHNN moKa3aTeneil kKadecTBa H300paKeHH i,
npuBeNeHHBIX B [[prioskeHNH, MOTYT IPUMEHSATHCS allbTEPHATUBHBIE METOIBI HOPMAJIM3AIHH ITPH yCIOBHH,
YTO OHU 00ECTIEYHBAIOT TPEOYEMYIO TOYHOCTh HOPMAaJTH3AIIHH.

B cumimy Toro Wto mokazaTeny KadecTBa M300pakeHHS, KaK MPaBHIIO, 0Aa3MPYIOTCS Ha alMMpOKCHMAIUAX K
3pUTEIBHBIM PEAKITUIM dYeIOBeKa, a HE Ha W3MEPEHHWH KOHKPETHBIX apTe(akTOB KOJAMPOBAHUSA, OHH B
TIPUHITUTIE B PABHOM Mepe MeHCTBUTEIRHBI KaK ISl aHAJIOTOBBIX, TaK M IS ITU(GPOBBIX cucTeM. OHHU TakXKe B
TIPUHITUTIE ACHCTBUTENBHBI TSI TIETIeH, B COCTaB KOTOPBIX BXOIAT aHAIOTOBBIC W MU(PPOBBIE CUCTEMBI WU
KacKaJbl CHCTEM C ITUGPOBBIM CXKATHEM.

Ha pucynke 2 mpezncraBneH mpuMep NpPUMEHEHHS METOAa C YXYAIICHHBIM 3TaJOHHBIM CHTHAJIOM IS
M3MEpEeHHs [ENH TepeIadm.

PUCYHOK 2

HpI/IMEHeHHe METOAa U3MEPECHUA BOCIPUHUMAECMOI'0 KayecTBa
C YXYAII€HHBIM 3TAJJOHHBIM CUTHAJIOM IJIfl UCNIBITAHUA LHEIH Nepeaadu

YXymHem/Ie KavyecTBa nnepeaain

l

Bxonoii/ Iudposas TB nens . Hexonep Borxomoft/
stranonnbii — |  Komep |——p 5 P |>TaTOHHOTO YXY/IIEHHBIA
(cetn, 00OpyOBaHME)
BHICOCUTHAT CUrHAA BUJICOCUTHAIT
3ereuenne Crictema OOGbeKTUBHAs
XapaKTEPUCTHK ) WSMEPCHISL | g orienka kadecTsa
»| s usMepenus > KatecTsa U300paKEHUsE
M300payKEeHHsI
KauecTsa
BHJICOCUTHAIA

BT.1885-02

B 3ToM ciiywae nmexomep STallOHHOTO CHTHANA IOJNyYaeT CHUTHANBl B Pa3HBIX TOYKAX IEMU Iepeadd,
HampuMep JeKOAEep MOXET pa3MematbCcs B KaKOW-THOO TOYKE CETH, Kak Ha pHCYHKE 2, WIH
HETOCPEICTBEHHO Ha BHIXOJE Kojaepa, kak Ha pucyHke 1. Ecnmm nmdpoBas ceTh mepemaum sBiseTcs
MIPO3pavYHOl, HW3MepeHHe OOBEKTHBHOW OIIGHKH KadecTBa HW300pakeHWUS B HCTOYHUKE aAHAIOTHYHO
M3MEPEHHIO B 000 TOCIeMyoIIel TOYKe 3TOH [emu.

OO0menpru3HaHo, YTO METO/] C MOJHBIM STAIIOHHBIM CHTHAJIOM O0ecTiedrBaeT OOMBIIYI0 TOYHOCTh H3MEPEHUH
BOCIPUHUMAEMOr0 KadyecTBa HW300pakeHHs. DTO METOJ MPOJEMOHCTPHUPOBAT BO3MOXHOCTh BBICOKOU
KOppeJsIlInA ¢ CYOBEKTHBHBIMH OIICHKaMH, IPOW3BOAVMBIMH B cooTBeTcTBUU c Meromamu ACR-HR,
onucaHHbIMU B Pexomenmaruu MCO-T P.910.

7 3akiarouenusi ['pynnbl 3kcnepToB N0 Ka4eCTBY BUIEOCUTHAJIA

UccnenoBanns w3MepeHHWH BOCIPHHHMAEMOTO KadecTBa HM300paKEHHs TIPOBOAATCI B paMKax
Heo(UIMaIbHOM Ipynmel, Ha3biBaeMoil ['pynmoii sxcrieproB 1o kadectBy BuaeocurHaia (VQEG), koropas
nomotuetHa 9- u 12-i1 Uccnenosarensckum komuccuaM MCDO-T u 6-ii MccnenoBareilsCKol KOMUCCHUUA
MCD-R. B xone memaBHo mpoBeaeHHbIX [pynmoit VQEG wucneitanunit RRNR-TV onennBanace pabora
MpeTaraeMbIX ajJrOPUTMOB HW3MEPEHHS BOCIPHUHHMAEMOTO KadecTBa H300paxeHHs C YXYIIIEHHBIM
ATAIOHHBIM curHanoM i popmaTroB MCO-R 601-6.

Ha ocHOBaHWM TNpeNCTaBICHHBIX JaHHBIX B Hacrosmiee Bpemss MCDO-T MoxeT peKOMEHIOBATh IIECTh
metosioB RR (Monens A 15k, Moxens A 80k, Mogens A 256k, Monens_C 80k, Monens B 80k (Tombko
525 crpok), Monens_ B 256k (Tonpko 525 cTpok).

TexHuueckue omucaHusi 3TUX Mogneneil mpexacrasieHbl B Ilpunoxenusx A—C, coorBetcTBeHHO. Criemyer
3aMETUTh, YTO TOPSAOK CIEAOBAHUS MPHIOKEHUHA SBISIETCS aOCONIOTHO NMPOU3BOJIBHBIM M HE OTpa)kaet
XapaKTEPUCTUK MTPOTHO3UPOBAHUS Ka4eCTBa.
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B tabmumax 1 u 2 mpeacraBieHbl pe3yibTaThl MPOBEPOK MO KPUTEPHUIO 3HAYMMOCTH B paMKax HCIIBITAHUN
VQEG RRNR-TV. lns dopmara 525 crpok uetbipe monenu (Mogens A 15k, Monens_ A 80k, Mogens A
256k, Monens C 80k) sBASIOTCS CTaTUCTHYECKH OoJjiee TOYHBIMU MO cpaBHeHUI0 ¢ PSNR, u aBe monenu
(Mopens_B 80k, Monens_B 256k) sBnstorcst cratuctidecku 3xBuBaneHTHBIMA PSNR. Crnenyer 3ameTuts,
gto PSNR Obut0 paccumrano NTIA ¢ wmcmonap30BaHHEM METONA TIOWCKA IOJHBIM Iepe0opoM TPEeAciioB
kamuOpoBku. st popmara 625 ctpok dersipe Mogenu (Monens A 15k, Mopens_ A 80k, Mogens A 256k,
Mopnens C 80k) SBIAIOTCS CTAaTUCTHYSCKU OKBUBAJICHTHBIMM M CTaTUCTUYECKH Oo0Jieeé TOYHBIMHU
otHocuTeasHO PSNR.

TABJINIIA 1
HcnbiTaHUEe MO KPUTEPUIO 3HAYUMOCTH AJ1s1 popmaTa 525 cTpok
®opmar 525 cTpok Hoc?ya‘f;::lm Ilo cpaBuennio ¢ PSNR Koppeasinus
Mogens A 15k 1 1 0,906
Monens_A 80k 1 1 0,903
Mopnens A 256k 1 1 0,903
Mogens_C 80k 1 1 0,882
Mopens_ B 80k 0 1 0,795
Mopnens B 256k 0 1 0,803
PSNR NTIA 0 1 0,826

[MPUMEYAHUE 1. —"1" B "[1o cpaBHEHHUIO ¢ Ty4muM'" 03HAYAET, YTO MOJEIb CTATUCTHYECKH SKBUBAJIICHTHA JTyYIICH
Mozenu. "0" o3Hayaer, 4To MOJIeNb CTATUCTHUECKU He SKBUBaNeHTHa my4meit moaenu. "1" B "Ilo cpaBuenuro ¢ PSNR"
03HAUaeT, YTO MOJENb CTAaTUCTHUECKH SKBHUBAJICHTHA Jyuiiell moxenu. "0" o3HayaeT, 4YTO MOAETb CTATUCTUUECKU HE
SKBUBAJICHTHA JIy4IIICH MOJIEIIH.

TABJINLIA 2
HcnbiTaHue 0 KPUTEPUIO 3HAYUMOCTH AJ1s1 popmaTa 625 cTpok
®opmart 625 cTpok Hoc?;‘f;::lm ITo cpaBuennio ¢ PSNR Koppeasinust
Monens A 15k 1 1 0,894
Mopnens_A 80k 1 1 0,899
Mopenb_ A 256k 1 1 0,898
Monens C 80k 1 1 0,866
PSNR_NTIA 0 1 0,857

[MPUMEYAHUE 1. —"1" B "[1o cpaBHEHHUIO ¢ Ty4muM" 03HAYAET, YTO MOJEIb CTATUCTHYECKH SKBUBAJICHTHA JTyYIICH
Mozenu. "0" o3Hayaer, 4To MOJIeNb CTATUCTHUECKU He SKBUBaNeHTHa ny4meit moaenu. "1" B "Ilo cpaBHenuro ¢ PSNR"
03HAUaeT, YTO MOJIENb CTAaTUCTHUECKH SKBHUBAJICHTHA Jyuiiel moaenu. "0" o3HayaeT, 4YTO MOAETb CTATUCTUUECKU HE
SKBUBAJICHTHA JIy4llIeld MOJEIIHU.

B Tabmumax 3 w 4 nmpencraBieHa chpaBodHas WHPOpPMAnMs MO XapaKTEpUCTHKaM MOJENeH,
HCIONB30BaHHbIX B pamkax ucnsiTannii VQEG RRNR-TV.
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TABJIMIIA 3

CnpaBoyHoe onMcaHUe XapaKTEPUCTHK MoJeJIeil, HCI0/Ib30BaHHbIX
B pamkax ucnsiTanuii VQEG RRNR-TV

(¢popmar 525 cTpok)

®opmar 525 cTpok Koppeasinus RMSE OR
Mopnens A 15k 0,906 0,418 0,385
Mopnens A 80k 0,903 0,423 0,378
Mopenb_ A 256k 0,903 0,424 0,378
Mopens_ B 80k 0,795 0,598 0,667
Monens B 256k 0,803 0,587 0,647
Monens C 80k 0,882 0,465 0,513
PSNR_NTIA 0,826 0,556 0,571

TABJINIIA 4

CnpaBoyHoe onMcaHUe XapaKTEPUCTHK MoJeJIeil, HCI0/Ib30BaHHbIX
B pamkax ucnsiTanuii VQEG RRNR-TV

(popmar 625 cTpok)
®opmar 625 cTtpox Koppeasiuus RMSE OR
Mogens_A 15k 0,894 0,524 0,468
Monens_A 80k 0,899 0,513 0,462
Monens_A 256k 0,898 0,516 0,468
Mopens_C_80k 0,866 0,585 0,583
PSNR_NTIA 0,857 0,605 0,564

Ipunoxenue A

Mogaeas A: Metoa ¢ yXyAIIEHHBIM 3TaJIOHHBIM CUTHAJIOM,
paspabotanHnblii B yHusepcurere Moncei

1 BBenenue

Hecmotps Ha 1O uto PSNR mmpoko mnpumeHsieTcs B KavyecTBE OOBEKTHBHOTO KpUTEpHS KadyecTBa
BHJICOCUTHAJIA, TAaK)KE€ OTMEUYaeTCs, YTO O3TOT KPHUTEPHU He OOECIeYyuBaeT TOYHOTO IPEICTABICHUS
BOCIPHHUMAEMOT0 KadecTBa m3o0paxenus. [lo pesympraTtam aHaim3a BOCIPHATHS YEIOBEKOM KadecTBa
M300pakeHUs ObLIO BBISBIICHO, YTO 3PCHHE YEIOBEKA YYBCTBUTEIBHO K YXY/IIICHUIO KAYeCTBAa HA TPAHUIIAX.
JpyruMu cioBamMH, €cii NMHKCEIN Ha KOHTYypaxX H300pa)KEHHsI Pa3MBITHI, SKCIIEPTHl CKOpee BCETO AaxyT
HH3KYIO OIICHKY H300pa)KeHHIO, Jake MpH BeIcOkoM 3HaueHHH PSNR. Ha ocHoBe mamHOTO HAOMIOMEHUS
ObLIH CO3daHbl MOACIHN C YXYAIICHHBIM 3TaJIOHHBIM CUT'HAJIOM, C IOMOMIBIO KOTOPBIX B OCHOBHOM U3MCPAIOT
YXyIIICHUE KaueCTBa Ha KOHTYpax.

Ha pucyske 3 noka3aHno, kak paboTaeT MOAENb C yXyJIIEHHBIM 3TaJIOHHBIM CUIHaoM. CBOWCTBa, KOTOpBIE
OyAyT WCHONB30BaHBI IUIsi M3MEPEHHs] KayecTBa BUJICOCHUTHANA B TOYKE HAOJIONEHHS, W3BJICKAIOTCS W3
BHICOTIOCIICIOBATEIHHOCTH UCTOUHMKA | MepefaroTcs. B Tabnuie 5 npuBeneHs! 3Ha4eHHsI ITUPUHBI TIOIOCHI
0OOKOBOT0 KaHaja JiJIsi CBOHCTB, KOTOPBIE IPOXOAMIH 1poBepKy mpu uciibitannd VQEG RRNR-TV.



Pex. MCJ-R BT.1885 9

PUCYHOK 3
DOYHKIHOHATbHASI CXeMa MO/IeJIM € YXYAIIeHHbIM 3TAJIOHHBIM CHTHAJIOM
Buneo- Ipunsras Bugeo-
nocieno- TIpuemuux p  IIOCIICIOBA-
P P Kaman —p P! 1
BaTEJILHOCTh Tepenarux g TEJIBHOCTH
HMCTOYHHKA
R
M3Biteuenue Mozers
—> XapaKTePUCTUK p  Kanan - » RR
JUTST I3MEPEHHST

Ka4ye€CTBa BUACOCUTHAIA

BT.1885-03

TABJINIIA 5

IIupuHa M0JI0CHI H0KOBBIX KAHAJIOB

HUcnbiThIBaEeMas

®opmat U3006pakeHus
IIMPHHA MOJI0CHI

®opwmar 525 cTpok 15 x6wurt/c, 80 x6ut/c, 256 KO6UT/C
®dopmar 625 crpox 15 xbut/c, 80 xdut/c, 256 kOUT/C
2 Mopean EPSNR ¢ yXyameHHbIM 3TAJIOHHBIM CHTHAJIOM

2.1 Konrypaoe PSNR

C nmomomsio Moneneii RR B ocHOBHOM m3MmepsieTcsi yXy/lIeHHe KauecTBa Ha KOHTypax. B 3Tux momensx
aJITOPUTM BBIJICNICHUS! KOHTYPOB TIPEXKJE BCEro MPUMEHSETCS K BHIICONOCIEIOBATEIBHOCTH WCTOYHUKA,
C TeM YTOOBI ONPEJCNUTh KOHTYPHBIE MMHKCENH. 3aTeM HU3MEpsIeTCs yXyIIIeHHEe KayecTBa 3TUX KOHTYPHBIX
MUKCENEeH MOCPEICTBOM BBIYMCICHUS CpeIHEKBaapaTHuHOW ommOku. M3 cpegHekBaIpaTUUHOW OLIMOKH
Berancisiercs kKoHTypHoe PSNR (EPSNR).

Pazpemaercss wmcmonb30BaTh J000H aITOPUTM BBICIEHHUS KOHTYPOB, XOTS B pPeE3yJibTare MOTYT
HaO0M0aThCsl HeOOMbIME OTiUYMs. Hampumep, /Ui BBIICICHHS KOHTYPOB MOXHO HCIOJIB30BaTh JIIOOOM
oreparop TpaaueHTa. BBIIo TpeaokeHO HECKOJIBKO OINepaTopoB TrpagueHTa. Bo MHOTHX anropuTMax
BBIZICJICHHUS] KOHTYPOB, IIPEAYCMAaTPUBAIONTUX IPUMEHEHHE TPAJNCHTHBIX OTIEPaTOPOB, CHadala BBIYUCIISIOT,
IpUMEHSAS TPAJNEHTHBIE OIEPATOPbI, M300paKEHHE C TOPU3OHTAIBHBIM TI'PATUEHTOM ZeopusonmarnuocdM,1) M
U300pa)KEHHE C BEPTUKAIBHBIM TPAJAUEHTOM  Zoepmuxamnoe(M,1). 3aTeM 1O cuenyromein ¢dopmyne
paccUMTHIBAETCS BEIMYMHA TPAIHEeHTa H300paXKeHUs g(m,n):

g(m: n) = gzopua’onaﬂbHoe(m; n)| + |g6epmw<a.7bnoe(m; n)‘

HaKOHeI_[, A4 TOro yTOObl HAWTH KOHTYPHBIC ITUKCCIIHW, K BCIWMYUHE TpaJuCHTA I/I306pa)KCHI/I$I g(m,n)
MOPUMCHAIOT ONCpaluI0 OIPCACIICHUA IOpora. rOBOpH HWHA4YC, MUKCCIJIM, 3HAUCHUA BCIMYHUHBI I'PAAUCHTOB
KOTOPBIX HNPEBBIIITAIOT ITIOPOTOBOC 3HAYCHUE, CUNTAIOTCA KOHTYPHBIMU IMTUKCCIIAMU.

Pucynku 4-8 cmyxar s WDIIOCTpaIllkl dTOW TporeAyphl. Ha pucyHke 4 moka3zaHo H300pakeHue
ucrounuka. Ha pucynke 5 mokazaHo M300pakeHHE C TOPU3OHTAIBHBIM TPATUEHTOM  Zeopusonmannoc(M,1),
KOTOpPO€ TIONYYeHO B pe3yibTaTe MPUMEHEHUS K HCXOAHOMY H300paKeHHIO0 Ha pHCYHKe 4 omeparopa
TOPU30HTAJIBHOIO TIpajueHTa. Ha pucyHke 6 MOKa3aHO H300paKCHHE C BEPTHKAIBHBIM T'PaJUCHTOM
Zoepmuxannoe(M,1), KOTOPOE MOIY4EHO B Pe3yJbTaTe MPUMEHEHMs K M300pakeHHIO MCTOYHMKA HA PHCYHKe 4
oreparopa BEpPTHKAIBHOTO TpaaweHTa. Ha pucyHke 7 TOKa3aHO W300paKeHHE TPAIVECHTa BEIWYHHBI
(koHTYpHOE H300paKeHHWE), a Ha PHUCYHKE 8 IMOKa3aHO KOHTYpHOE H300pakKCHHE B IBOMYHOM KOJIE
(1300pakeHNEe MacKH), MOJIYYCHHOE B Pe3yJbTaTe MPUMEHECHUS K M300paKCHUIO TPalieHTa BEIUYMHBI HA
PHUCYHKe 7 ompeJielleHus Iopora.
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PUCYHOK 4

H3o0paxeHue HCTOUHMKA (MCXOAHOE U300paKeHHe)

BT.1885-04

PUCYHOK 5

M306paikenne ¢ rOpu30HTATBHBIM FPAJHEHTOM, KOTOPOE MOTYY€eHO B pe3yabTaTe NPUMeHEeHUs
K N300paKeHNI0 HCTOYHHKA HA PUCYHKe 4 0IIepaTopa ropu30HTAIBLHOIO rPaHeHTa

BT.1885-05
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PUCYHOK 6

H300paxkenne ¢ BepTUKAJIbHBIM I'PAJHEHTOM, KOTOPOE NMOJIY4Y€HO B pe3y/ibTaTe IPUMEHCHHUS
K H300pa’KeHUI0 HCTOYHUKA HA PHCYHKe 4 onepaTopa BepTHKAJIbHOIO IPAJUEHTA

BT.1885-06

PUCYHOK 7

MN3o0paneHue rpagueHTa BeJHYNHbBI

BT.1885-07

11
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PUCYHOK 8

KontypHoe u3o6pa:kenue B JBOHYHOM dopMaTe (M300pakeHHe MACKH), I0Jy4eHHOE B pe3yJibTaTe IPUMEHEeHHU s
K H300paKeHHIO I'PAJUEHTA BeTHYUHbI HA PUCYHKe 7 onpeejeHUus 0pora

BT.1885-08

C Inpyro#f CTOPOHBI, IS ONPEACICHUS KOHTYPOB MOXHO HCIOJIb30BaTh HM3MEHEHHYIO MPOICAYPY.
Hanpumep, cHavasa kK W300pakeHHIO UCTOYHHKA MOXKHO MPHUMEHHUThH OINEPATOP BEPTUKAIBHOTO TPaJINCHTA,
CO3/1aB M300paKCHUE C BEPTUKAIBHBIM TPAJUEHTOM. 3aTeM K M300PKEHHUIO C BEPTHUKAIBHBIM IPaIUCHTOM
MPUMEHSIETCS  OTMepaTop TOPU3OHTANBLHOTO TIPajMeHTa, Co3JaBas HW3MEHEHHOE M300pakeHHe C
MOCJIEeIOBATEIFHBIM TPaIUCHTOM (U300pa)KeHUEe C TOPU3OHTAIBLHBIM W BEPTUKAIBGHBIM TPAJUCHTOM).
Hakonen, 4Tro0bl HAWTH KOHTYpHBIC MHKCEIH, K HM3MEHECHHOMY H300paXEHUIO C IMOCIICIOBATEIHHBIM
IPaJUeHTOM MOXKHO MPUMEHUTH OTEPAIMI0 ONpeecHus opora. HBIMU clI0BaMu, MUKCEIN U3MEHESHHOTO
M300paXKEeHUsT C TIOCIIE0BATEILHBIM TPAHEHTOM, TPAIUCHTHI KOTOPBIX MPEBBIMIAIOT MOPOTOBOE 3HAUCHHE,
CUMTAIOTCS KOHTYPHBIMHU NMUKCETSIMH. Pucynku 9—12 ciyxar ans WUTIOCTPAallUd W3MEHEHHOW MpOLEaypHl.
Ha pucynke 9 nokaszano n3o0pakeHue ¢ BEpTUKAIBbHBIM IPAJUEHTOM Zoepmurarnoe (M,1), KOTOPOE MOIYUYEHO B
pe3ynbTaTe MPUMEHEHUS K UCXOJHOMY M300paKCHHIO HA PUCYHKE 4 OMepaTopa BEPTHKAIBLHOTO TPajHCHTA.
Ha pucynke 10 mokazaHo M3MEHEHHOE M300paKeHHE C TOCIEAO0BAaTeIbHBIM TPAJAUEHTOM (H300pakeHHe ¢
TOPU30HTAIBHBIM M BEPTUKAJIBHBIM TPAJUCHTOM), KOTOPOE TOJIYYCHO B pE3yJbTare IPUMEHEHUS K
HU300pPKCHUIO0 C BEPTHKAIBHBIM TPAJIUCHTOM Ha PUCYHKE 9 omepaTopa TOpH30HTAIBHOrO rpaaueHTa. Ha
pucyske 11 moka3zaHo KOHTYpHOE H300pakeHHE B JBOMYHOM Koje (M300pakeHHE MAacKH), MOJIYICHHOE B
PE3YIbTATC NPUMCHCHHUA K USMCHCHHOMY I/I306pa)KeHI/IIO C MOCJICAOBATCIIbHBIM I'PAAUCHTOM Ha PUCYHKE 10
OTpeieJICHHS MOpora.

Crenyer 3aMeTHTh, YTO 00a METOJAa MOTYT PAacCMaTpPHUBATHCS KaK aJITOPUTMBl ONPEAETICHUS KOHTYPOB.
MosxHO BBIOpaTh JIIOOOW aIrOPUTM OMpPEENEeHUsI KOHTYPOB B 3aBHCHMOCTH OT CBOICTB M300paK€HHH U
ITOpUTMOB CxkaTHs. OTHAKO HEKOTOPBIE METOABI MOTYT OBITh 3 QEKTUBHEE PYTHUX.

Takum o0pazoMm, B 3TOH MOJAENH CHayaja MPUMEHSETCS OIEepaTop OIpelNeleHUs KOHTYPOB, cO3JaBas
KOHTYpHBIE n300paxkenus (pucynku 7—10). 3aTem cozmaercs n3o00pakeHre Macku (KOHTYPHOE N300pakeHNe
B JIBOMYHOM KOJI) IIOCPEACTBOM NPUMEHEHHsS K KOHTYPHOMY H300paKCHHIO OIPEIEICHUs [opora
(pucynku 8—11). To ecTh NMHUKCENN KOHTYPHOTO M300pakeHWs, 3HAYCHUSI KOTOPHIX MEHbBIIE TTOPOTOBOTO f,,
YCTaHAaBIMBAIOTCS B HYJEBOE 3HAUYEHWE, a MHKCENH C pPaBHBIM WM OONBIIMM 3HAYEHHWEM I0poTa
yCTaHABJIMBAIOTCA B HEHyJieBoe 3HaueHune. Ha pucynkax 8 u 11 mokaszanpl m300paxeHuss Macku. Tak Kak
BHJICOU300pKECHUAS MOTYT TPOCMATPUBATBHCS KaK IMOCICAOBATEIILHOCTh KaJpPOB WIIM TIOJCH, OMMCAHHAS
BBIIIIE TIPOLIEypa MOXKET MPHUMEHATHCS K KXKIOMY KaJpy WU TONI0 BHIeom3oOpaxeHus. Tak kak 3Ta
MOJIETTb MOXKET WCIIOJIb30BaThCS I BHICOM300paXeHHWS Ha OCHOBE ITOJIEH WM Ha OCHOBE KaJpoB, IS
yKa3aHUs Ha I0JIe WK Kajp OyJeT UCTIOIh30BaThC TEPMUH "H300paxeHue".
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PUCYHOK 9

H300paxkenne ¢ BepTUKAJIbHBIM I'PAJHEHTOM, KOTOPOE NMOJIY4Y€HO B pe3y/ibTaTe IPUMEHCHHUS
K H300pa’KeHUI0 HCTOYHUKA HA PHCYHKe 4 onepaTopa BepTHKAJIbHOIO IPAJUEHTA

BT.1885-09

PUCYHOK 10

HN3meHeHnHoe H306p2?l€e]—ll/le C MoCJICAOBATEC/IBbHBIM I'DAAUCHTOM (nsoﬁpameﬂne C TOPU30HTAJIBHBIM
H BEePTUKAJIBbHBIM l"paI[l/leHTOM), KOTOpO€ MOJYYEHO B pe3y/ibTaTe NIPUMEHEHUA K moﬁpameﬂn}o
€ BEPTUKAJIBHBIM I'PAINEHTOM Ha PUCYHKE 9 ornepaTopa ropusoHTaJIbHOI0 rpajueHra

BT.1885-10
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PUCYHOK 11

KonrtypHoe nzo0pakeHue B JBOHYHOM KoJie (M300pakeHHE MACKH), I0JIy4eHHOE B pe3y/1bTaTe IPUMEHEeHHs
K M3MEeHEeHHOMY H300paiKeHHIO ¢ Moc/1e0BaTeIbHBIM IPaJueHToM Ha pucyHke 10 onpeneenust mopora

BT.1885-11

2.2 Br10op cBoiicTB U3 BUEONOCTEA0BATEIbHOCTEH HCTOYHUKA

[TockonpKy maHHast MOAENH SABIIETCA MOJenbio RR, U3 Kak1oro n300pakeHns BUIEOOCIET0BATEIEHOCTH
HWCTOYHHKA HEOOX0auMo m3Bjedb cBoicTBa. B Momemn EPSNR RR u3 kxaxkmoro m3o0pakeHUS W3BIEKACTCS
OTIpE/IETIEHHOE KOJHMYECTBO KOHTYPHBIX THKCeJed. 3aTeM MECTOIONIOKEHHE W 3HAYeHHUs IHKCEeNs
KOIMPYIOTCS M mepechuatoTcs. OMHAKO JUIT HEKOTOPHIX BHIEOIOCIEAOBATENEHOCTEH MPH UCTIOIH30BAHUN
(hMKCHPOBAaHHOTO TOPOTOBOTO 3HAYEHHS KOJMYECTBO KOHTYPHBIX TIMKCENeH MokeT OBITh BechMa
HeOopIIMM. B croeHapum Xyamero ciydas OHO MOJMKET PaBHATHCA HYIIO (IyCThle H300paKEHHS WIIN
M300paKEHUST ¢ OYCHb HM3KOH dYacToTOM). JIms pemeHus »ToW MpoOJIeMBI, B CIydae €CIId KOJIHMYECTBO
KOHTYPHBIX THKCeNeH H300paXeHWsT MEHBIIe 3aJaHHOTO 3HA4YeHHs, IMOJB30BaTellb MOXKET YMEHBIIATh
[IOPOTOBOE 3HA4YeHHWE A0 TeX IOp, MOKa KOJUYEeCTBO KOHTYPHBIX IHKCENell He MPEBBICHT 3aJaHHOTO
3HaueHus. C Apyroil CTOPOHBI, MOXKHO BHIOpPaTh KOHTYpPHBIE TIHKCENH, KOTOPBIE COOTBETCTBYIOT
HauOONBITUM 3HAYCHUSIM HU300pakeHWH ¢ TOPU3OHTAIHHBIM M BEPTHUKAIBHBIM IpagueHToM. Ecimu B Kaape
HET KOHTYPHBIX THKCelleH, HanmpuMep IIyCThleé H300paXeHHs, MOXHO CIy4aiHbIM o00pa3oM BBHIOpaTh
He00X0MMOe KOJNMYECTBO MUKCEJIeH WIM MPOMyCTUTh 3TOT Kajp. Hampumep, ecnm W3 Kakaoro Kaapa
ciemyeT BbIOpaTh 10 KOHTYpPHBIX TIHMKCEIECH, MOXHO OTCOPTHPOBAThH MHKCEITH HW300paXCHUH C
TOPU3OHTATBHBIM W BEPTHKANBHBIM TPAJAMEHTOM B COOTBETCTBHH C WX 3HAYCHWSAMH W BBIOpATh
10 HanOompmux 3HaUYeHWH. OOHAKO B pe3yibTaTe MAaHHON MPOIEAYPH B OAMHAKOBBIX MECTOIIOJIOKEHUSIX
MOJXKET OKa3aThCsl OOJBIIOE YHCIO KOHTYPHBIX MHKcenel. [ pemeHus 3Toi mpoOieMbl cHadaiza MOXHO
BBIOpaTh HECKONBKO pa3 HEOOXOAMMOE KOJIMYECTBO IHMKCENel H300paKeHWs C TOPHU30HTAJIBHBIM WIIH
BEPTHKAIGHBIM TPAJAMEHTOM, a 3aTeéM B CIy4JailHOM TMOpSAAKE BHIOpaTh M3 OTOOpAHHBIX MHUKCENen
M300pakeHNsI C TOPU3OHTAIBHBIM WM BEPTUKAJIHHBIM T'PAIHEHTOM HEOOXOANMOE KOJMYECTBO KOHTYPHBIX
nmukceneli. B mpoBepeHHbIX B xogne ucnbiTanniin VQEG RRNR-TV monmensx HeoOXoauMoe KOJIMIECTBO
KOHTYPHBIX MHKCEJIeH BEIOPAHO CIIyYaHBEIM 00pa30oM M3 OOJIBIIOTO MHOXECTBA KOHTYPHBIX MHKCEICH. DTO
MHOJKECTBO KOHTYPHBIX ITUKCENIeH MOTydeHO IMyTeM MPUMEHEHHUS K TPaINEeHTHOMY H300payKEHHIO OTIepaIiy
OTIpe/ieJIeHHs Mopora.

B wmomensx RR EPSNR wMecromnonoxxkeHue M 3HA4Y€HUST KOHTYPHBIX IHKCENEH KOJAUPYIOTCS TIOCIe
npuMeHeHus: ¢puibTpa ['aycca HIKHHX 9acTOT K BBIOpaHHBIM MECTOIIOJIOKEHUSIM muKceneld. HecmoTps Ha
To uto B pamkax mcrbiTaHuii VQEG RRNR-TV mcnons3oBancs ¢unstp ['aycca HkEEX yactoT (5%3), B
3aBUCUMOCTH OT (popmaTa M300pakKeHUS MOTYT HUCIIOJB30BaThCS pa3Hble (PHIBTPBI HIDKHUX YacToT. Ciaemyer
3aMETHTh, YTO B TIPOIECCE KOMWPOBAHHSI BO3MOXKHO TpUMEHEeHHWe oOpe3ku. Bo wu3dekanme BBIOOpa
KOHTYPHBIX THKCeNieii B 0Ope3aHHBIX O0JIACTSAX, MOJAETh BBIOMPAET KOHTYPHBIE NMHKCENH B IEHTPaIbHOU
obmactu (cMm. pucyHOK 12). B Tabmumre 6 mpuBemeHBI pa3Mmepbl Iociie oOpe3ku. Takke B Tadiwie 6
MIPUBEIEHO KOJIUIECTBO OUTOB, HEOOXOIUMBIX TSI KOJUPOBAHIS MECTOTIONOXKEHHS ¥ 3HAYEHUSI KOHTYPHOTO
TTAKCEITS.
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TABJINIIA 6
TpeOoBaHusA 10 OUTAM JJIA KAKA0T0 KOHTYPHOI0 MUKCEJIs
®Dopmar Pa3mep nocae Buros 113 buros s Bcero 6uToB
Pazmep MecTo- 3HAYEHUS
H300paKeHust o0pe3kn Ha MUKCeJb
TOJI0KEeHHSI TMHKCeJIst
525 720 x 486 656 x 438 19 8 27
625 720 x 576 656 x 528 19 8 27
PUCVYHOK 12

IIpumep 00pe3ku u HEHTPANBLHOM 001acTH

BT.1885-12

Mojens BBIOUpAET KOHTYPHBIC MHUKCETH M3 KAXKIOrO0 KajJpa B COOTBETCTBHHM C Pa3pElICHHOW IIUPUHON
moytockl (cM. Tabmuity 5). B Tabnwime 7 mpHUBEeNeHO KOJMYECTBO KOHTYPHBIX THKCEICH Ha Kaup, KOTOPHIC
MOTYyT OBITH nepeaanbl 11 HCIBITBIBAEMON INHUPUHBI ITOJIOCHI.

TABJIULIA 7

Kosim4yecTBO KOHTYPHBIX NUKCeJIEH HA Kaap

®opmat 15 80 256
H300pakeHust KOUT/C KOuT/C KOUT/C

525 16 74 238

625 20 92 286
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PUCYHOK 13
Biok-cxema Mogenn

Hagano

[pocTpancTBeHHAS/BPEMEHHAS
PErucTPaLys C TOTHBIM
TIOUCKOBBIM JTHAITA30HOM

OreHKa YCUICHUS/CIIBHT A

JIJ1s1 Ka)10TO BEPOSATHOTO MPOCTPAHCTBECHHOTO
capura (Ax, Ay) IpUMEHUTH BPEMEHHYO
PErUCTPALMIO C UCHOJIB30BAHUEM OKHA
u Berunciants EPSNR. B 3akiroucnue,
BBIOpaTh B KauecTBe VQM HanMeHbIIee
3Hauenne EPSNR

BT.1885-13

2.3 IIpocTpancTBeHHasi/BpeMeHHAasI perHCTPaANMsA M KOPPEeKIHs YCHJICHH/CABUT A

Jlo BBIUMCIIEHUS Pa3HHUIBI MEXAY KOHTYPHBIMH IMHKCEISIMH B BHIEOIOCIEIOBATENIFHOCTH HCTOYHHUKA WU
MUKCENsIMH B 00pabOTaHHOH BHAEOMOCIEIOBATENBHOCTH, KOTOpas SIBJISIETCSl BUACOMOCIEA0BATEIbHOCTHIO,
MIPUHATON TPHEMHHUKOM, MOJETIh BHayalle MPUMEHsIET MPOCTPAaHCTBEHHYIO/BPEMEHHYIO DPETHCTPAIHI0 U
KOPPEKITHIo ycuieHus/casura. Mcmnons3oBancs Mmeron kamuoposku ([Ipmiokenue B), mpencTaBieHHBIN B
Pexomenmanimu MCO-T J.244. Jlnsa mepemauyu CBOWCTB YCHUJICHHSI M CIBHTa COTJacHO PekoMeHmaruu
MCD-T J.244 (IIpunoxenue B) B xone ucnbitanuit VQEG RRNR-TV ucnonszoBanuce 30% moctymHoi
IIUPUHBI TOJOCHL. [10CKONBKY BHAEOMOCIENOBATENFHOCTD SBISIETCS YEPECCTPOYHON, METOJl KAINOPOBKU
MIpUMEHSAETCS TPH pas3a: YEeTHbIE TOJs, HEUeTHbIE MO M CMEIIaHHble KaApbl. Eciam pasHHIAa MexXIy
omuOkoir uerHoro mosisi (PSNR) m ommOKkoi HeueTHOro Moy MpeBbIIaia MOPOrOBOE 3HAYCHUE,
WCTIONB30BANIACH PE3YJBTAThl PETUCTPAINK (X-CIIBUT, y-ciBuT) ¢ MeHbmUME PSNR. B mporuBHOM citydae
WCTIIONB30BAIMCH  PE3YJbTAaThl  PETUCTPAllMd CO CMEIMAHHBIMH  KaapamMu. B xome wucCHBITaHHN
VQEG RRNR-TV noporosoe 3Hauenne ObIJI0 YCTaHOBIIEHO paBHBIM 2 11b.

B Touke HaOmoaeHUs 0OpabOTAHHYIO BHUJICOMOCICIOBATEILHOCTh CICAYET COIIACOBATh C KOHTYPHBIMHU
MUKCEINSMH, W3BJICUYCHHBIMU W3 BHJCOTOCICAOBATEIBHOCTH HMCcTOYHMKA. OJHAKO, ecli IIMPHHA TOJIOCHI
OOKOBBIX KaHAJOB HEBEJMKA, JOCTYIHO JIMIIb HEOOJBIIOE KOJIMYECTBO KOHTYPHBIX IHMKCEJIEH
BH/ICOTIOCIIEI0BATEIILHOCTA UCTOYHUKA (CM. pUCYHOK 14). CinenoBaTenbHO, BPEMEHHAS PETUCTPAIUS MOXKET
OBITh HETOYHA, €CITU 3Ta BPEMEHHAS PETHCTPAIHS OCYIICCTBISETCA C HCIOJB30BAHUEM CIHHCTBEHHOTO
kazpa (cM. pucyHok 15). Jlist perenus nqaHHON mpoOJeMbl B MOJEIH HCIONB3YETCs OKHO JUIS BPEMEHHOU
peructpanuu. BMecTo HUCHOIB30BaHHS OTACIBHOTO Kajapa oOpabOTaHHON BHUJICONOCIIEIOBATCIBLHOCTH,
MOJIeNlb, JJISI OTBICKAHWS ONTUMAIBLHOTO BPEMEHHOIO CIBUTa, CO3[aeT OKHO, KOTOPOE COCTOUT U3
HECKOJIBKMX COCEITHMX KaJpoB. DTa mpolleaypa Mmoka3aHa Ha pucyHke 16. CpepHekBaapaTudHas onimoOKa B
npezenax OKHA BBIYUCISIETCS CIEAYIONINM 00pa3oM:

1 . .
MSEwinduw = N_z (ESRC (l) - EPVS (l))z s

win
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rue:
MSE indow: ~ CpPETHEKBaJpaTUYHAS OMIHOKA OKHA;
E - (i): KOHTYPHBIH NHMKCEIb B IpeJeIaX OKHA, KOTOPLIA MMEET COOTBETCTBYIOIIMI IIUKCEND B
00paboTaHHOW BUAEOIIOCIIEI0BATEILHOCTH;
E,(i): mukcenb B  00pabOTaHHOM  BHIEONOCIENOBATENbHOCTH,  COOTBETCTBYHOLIMM
KOHTYPHOMY MTHKCEITIO;
N, : ofmee KOIMYECTBO KOHTYPHBIX IIMKCENEH, HCIIOIb30BAHHBIX JUI BBIYMCIICHUS

MSE. window+

OTa cpemHeKBaApaTHIHAs ONMTHOKA OKHA WCITOJIB3YETCS B KAUECTBE PA3HUIILI MEXAY KaIpoM 00paboTaHHOM
BUJICOTIOCIIEIOBATEIEHOCTH U COOTBETCTBYIOIIUM KaJJpOM BUAEOIIOCIIET0BATEIIEHOCTH HCTOYHUKA.

Paszmep oxHa MoxkeT OBITH OIpedeNeH MO pe3ylbTaTaM aHaluM3a XapakTepa o0OpaboTaHHOM
BHJICOTIOCIIEAOBATEIBHOCTH. 11 CTAaHAapPTHOTO NPUMEHEHHSI PEKOMEHIYETCsI OKHO, COOTBETCTBYIOLIEE ABYM
CeKyHAaM. B xauecTBe ambTepHATUBBI MOT'YT NPUMEHSTHCSA OKHA C Pa3HBIMU pa3MepaMH, U UCIOJIb30BaThCS
OyzeT Hawmydllee, KOTOpoe oOecreyrBaeT HaMMEHbIIee 3HaUeHUE CpeJIHEKBaApaTUYHON ommOKku. Kpome
TOTO, U yYeTa IPOIycKa KaJpoB B pe3yibTaTe OIIHOOK mepeaayn (CM. pucyHok 20) MOTYT HUCTIONIB30BATHCS
pa3Hble LEHTPHI OKHA.

PUCVYHOK 14

Bblﬁop KOHTYPHBIX NHUKceleld B BU1€0NO0C/IeJ0BaTeIbHOCTH HCTOYHNKA

BT.1885-14

PUCYHOK 15

CoryacoBanue 00padoTaHHOI BHI€0IIOC/IEI0BATEIbHOCTH ¢ KOHTYPHBIMH IIHKCEJISIMH
BH/IE0NOC/IeI0BATEILHOCTH HCTOYHUKA

SRC | e

. Y .

S N

PVS

BT.1885-15
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PUCYHOK 16

CorunacoBanue 00padoTaHHOIl BH/1€0NI0C/1€10BATEILHOCTH ¢ KOHTYPHBIMH MUKCEJISIMHU € UCIIO0JIb30BAHUEM OKHA

SRC | » . .

PVS

Kanp, nomnexaruii cornacoBaHuIo

BT.1885-16

Ecnmu BupmeomocienoBaTenbHOCTh MCTOYHHMKA KOAMPOBAaHA C BBICOKUM KOI(PQDUIIMEHTOM CXKaTHs, KOZAEp
MOJKET YMEHBIIATh KOJHYECTBO KaJIpOB B CEKyHIy, a 00paboTaHHAas BUAEOIOCIEIOBATEIBHOCTh COACPIKUT
nmoBTOpSsitoIInecs: Kaapbl (cM. pucyHok 17). Ha pucynke 17 oOpaboTaHHas BHIEONOCIENOBATEILHOCTh HE
COJIEPIKUT KaJPOB, COOTBETCTBYIOIINX HEKOTOPBIM KaJ[paM BHJIEOIIOCIIEA0BATEIIEHOCTA UCTOYHHKA (2-1, 4-1,
6-ii, 8-if kampel). B aTOM citywae i pacdera CpeTHEKBAAPATHIHOW ONIMOKHA MOJENh HE HCIOIL3YEeT
MOBTOpSIIOIIKEcs Kaapel. MHaue roBops, 3Ta MOZENH BBITOIHSAET BPEMEHHVIO PETHUCTPALIMIO, HCIIONb3YS
MepBBIA Kaup (AeHCTBUTENBHBIA KaJp) KaXJOTo MOBTOpstomerocs Onoka. [loatomy Ha pucyHke 18 s
BPEMEHHOH PEeruCTpaIlliy UCITOJIB3YIOTCS TOJIBKO TpH Kanapa (3-#, 5-#, 7-it kaapbl) B mpeenax OKHa.

PUCVYHOK 17
IIpumep noBTOPsIOIIMXCS KAAPOB
SRC| A B C D E F G H
1 2 3 4 5 6 7 8
PVS A A C C E E G G
1 2 3 4 5 6 7 8

BT.1885-17



SRC

PVS
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PUCVYHOK 18
O0pa6oTka NOBTOPAIOIIHXCH KAIPOB
B C D E F G
RSN
z || B B D D F
23y A s e T

BT.1885-18

BeposiTHO monTydeHne 0OpabOTaHHON BHIEOIOCIIEOBATEIHHOCTH C HEPETYISAPHBIM TOBTOPEHHEM KaJlpoOB,
YTO MOXXET MPUBECTU K TOMY, YTO METOJ] BpEMEHHOW PErucTpalyy C HCIIOIb30BaHNEM OKHA AaCT HETOYHBIS
pesynbTaThl. st pemieHus 3TOH MpoOJeMBbI TOCIE BPEMEHHON PETHUCTpal C HCIOJIB30BAaHHUEM OKHA
BO3MOJKHO JIOKQTBHO KOPPEKTHPOBATh KAKABIN KaJp OKHA B TIpeeNiaX 3aJaHHOT0 3HaueHus (Hanpumep, 1),
Kak moka3aHo Ha pucyHke 21. 3arem mus pacuera EPSNR ucnoms3yercst okanbHas KOPPEKIHs, KOTopas
obecrieunBaeT MUHUMaNbHYI0 MSE.

PVS

PUCYHOK 19
OxHa pa3HbIX pa3MepoB

Kanp, nommesxanmii cornmacoBaHuio

Pasvep oxza 7 |

C D E F G H I
3 4 5 6 7 8 9
Paswvep oxxa 3 | |

Pasmep okna 5 | |

BT.1885-19
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PUCYHOK 20
IeHTpPBI OKOH

Kap, nouiesxarimii cornacoBaHio

PVS A B C D E F G H |
1 2 3 4 5 6 7 8 9
I |
I |
I I
I |
BT.1885-20
PUCYHOK 21
JlokanbHast Koppekuus BpeMeHH()ﬁ perucrpanum ¢ HCNMOJIL30BaHuEM OKHa
sc | A| B| C| D] E F| G| H | J K L
1 2 3 P % A5 6 Y\]\ 8 9 ¥-_10 A2
B I R .,./..............\_s\.\ .//_.I

v I AJAJAJC|C|C |G| GG J ]| J]J

Kanp, nonnexarimii cornacoBaHuto
BT.1885-21

24 Boruuciaenue EPSNR u noct-o6padorka

ITocne BBITIONIHEHWS BPEMEHHOH pErHCTpaIlid, BBIUMCIAETCS CpeaHee 3HAYCHHE Pa3HHUIBI MEXKIY
KOHTYPHBIMU TIHKCEJSIMH  BHJICOTIOCTICAOBATEILHOCTH HCTOYHUKA W COOTBETCTBYIOIIMMH ITHUKCEISIMU
00pabOTaHHOW BUAEONOCICIOBATEILHOCTH, KOTOPOE MOXKET pacCMaTpPHBAaTBhCS B KauyeCTBE KOHTYPHOMH
CpeIHEKBAJpaTUYHON OIIMOKH 00pabOTaHHOM BHIEONOCIENOBATENbHOCTH (MSE,q.). B 3aBepmenue mo
cnemyromeit hopmye eraucisercs EPSNR (koatypraoe PSNR):

2

P
EPSNR =101lo —_),
glO(MSE )

edge

rae P — MIKoBo€ 3HAUYCHUE N300paKECHU.
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1 ®ukcauus KaapoB

[Ipu koaupoBaHWM MYJBTUMEAUHHOTO BHJIEOCHTHAa MOXET HaONIoJaThCsl TOBTOPEHHE KaJIpoB H3-3a
YMEHBIIEHUsI YacTOThl KaApoB M (uKkcanus KaApoB H3-3a OIMIMOOK Iepedadd, KOTOpbIe YyXYIIIAloT
BOCIPUHUMAaeMOe Ka4eCcTBO M300paxeHus. B 1ensx ycrpaneHus 3toro a¢dekra mo Beraucienns EPSNR B
MOJIENIU IPUMEHSIETCS CIICLYIOIasi KOPPEKIMA:

KXNyotal frame
MSE freezed _ frame _considered = MSE edge x N = >
total _frame ~ ¥total _freezed _frame

rac:

MSEjficezed frame consideres: ~ CPENHEKBAJpaTUUHass OMMOKA, KOTOpas YYUTBIBAET IIOBTOPSIOIIUECS U
(uKCHpOBaHHBIC KaJPHI,

N o0111ee KOIM4ecTBO KaapoB, N

total _ frame * total _ freezed _ frame °

K: mocrosHHas.
B npogepsiemoii B pamkax ucnbitanuit VQEG RRNR-TV monenu Bennunna K Obliia ycTaHOBJIEHA paBHOH 1.
2 Bricokast yacToTa U ABM)KEHHUE C BHICOKOH CKOPOCTBIO

Ecnu BuageonocnenoBaTeIbHOCTh COAEPKUT OOJBIION 00BEM BBICOKOH YacTOTHI W IBMKEHUI C BBICOKON
CKOPOCTBHIO, BOCIIPHHAMAEMOE KauecTBO TpHu Toi ke MSE o0sraH0 moBsimaetcs. st yaera storo addexra
OTIPE/IETISIIOTCS. HOpMaJIM30BaHHas Mexkaaposas pasHuna (NFD) um Hopmanmn3oBaHHasi SHEPTHsSl BBICOKOH
gactoTsl (NHFE) no criegyromeit popmye:

FD

cpe()Hee 3HAYEeHUe SHep2UU Ha NUKcellb ’

NFD =

1 height width ) )
rne FD :—Z Z Z(Frame.[],k]—mee.f [/,k])> ¥ N, — KONMYECTBO KaJPOB, UCTIONB30BAHHOE
i i-1LJ > F
NF i k=1 j=1
st cymmupoBanus. Crieyer 3aMeTuTbh, 4To mpH pacuere FD Tpu HanOonbLIIMX 3HAYEHUS MEXKKaIpOBON
pasHHLBl HE YYHUTBHIBAIOTCS, C TEM YTOOBI HMCKIIOUWTH M3 PAcUeTOB CPEAHEro 3HAYCHHS MEXKaIpOBOH
pasHULIbl CMEHy CLEHbl, IpUHMMAs JUIMTEJBHOCTh  BUJEOIOCIEAOBATEIbHOCTH, paBHYI & cC.
HopmanusoBannas sueprusi Beicokoii yactotel (NHFE) Bbluncnsercst myteMm pacueTa CpeIHHX 3HAYCHUH
SHEPTHH BBICOKOH YaCTOTHI (CM. PUCYHOK 22) Tociie MpuMeHeHus ipeodpazoanus Oypre 2D:

cpeOHue SHAYEeHUA IHepcuu BbICOKOU YACMOMbl

NHFE =
cpeoHee 3HaueHue IHePUL HA NUKCEb

B 3aBepieHne UCHONIb3YIOTCS CIENYIOLINE YPAaBHEHUS:

IF(SNFD > 0.35 && SNHFE > 2.5) {
IF(EPSNR < 20) EPSNR = EPSNR+3
ELSE IF(EPSNR < 35) EPSNR = EPSNR+5

}
ELSE IF((SNFD > 0.2 && SNHFE > 1.5) || (SNFD>0.27) & SNHFE > 1.3))  {
| F(28 < EPSNR < 40) EPSNR = EPSNR + 3
IF(EPSNR > 40) EPSNR = 40

h
rane SNFD — NFD wucrounnka, a SNHFE — NHFE wucrounmuka. Crnemxyer 3ametutsh, 9T0 SNFD u SNHFE
paccunteiBatorcsi mo SRC W mepenaroTcs Kak 4acTh JaHHBIX, XapaKTepH3YIOMMX cBoiicTBa (1 OalT Ha
Kaxoe).
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PUCYHOK 22

BbluncieHue HOPMATU30BAHHON BHICOKOYACTOTHOM YHEPTHH.
3HayeHHsI JHEPIUH BBICOKOI YacTOThI BLIYMCIAIOTCS N0 3aTeHEeHHOH 00/1acTH

HF HF

HF HF

BT.1885-22

3 Pa3MmbITOCTE

I[J'ISI yuceTa SIBIICHUI Ppa3MbIBaHHA UCHIOJIB3YIOTCA CICAYIOIINC YPAaBHCHUA:

IF (NHFE/SNHFE < 0.5)

IF(EPSNR>26)  EPSNR = 26
ELSE IF (NHFE/SNHFE < 0.6)

IF(EPSNR>32)  EPSNR = 32
ELSE IF (NHFE/SNHFE < 0.7)

IF(EPSNR>36)  EPSNR = 36
ELSE IF (NHFE/SNHFE > 1.2)

IF(EPSNR>23)  EPSNR =23
ELSE IF (NHFE/SNHFE > 1.1)

IF (EPSNR>25) EPSNR =25,

rae NHFE — PVS NHFE.
4 biounocTh

Hnst yueta 3¢hhekToB OJI0UHOCTH PacCUUTHIBACTCS CpeaHee 3HaYCHHE Pa3sHULBI 1o ctonduam. [lpu ycnoBuun
BBIUUCJICHUHN 110 MOAYJIIO 8 OLICHKA OJIOUHOCTH AJIS i-T'O KaJpa PacCUUTHIBACTCS CIACLYIOIIM 00pa3oM:

HauboIbLWIASL PA3HUYA NO CIMOAOYAM

Bik[i] = .
g credyrwas nocie Hauboabulell pasHuya no cmoioyam

OkoHYaTenbHas OLICHKa O10YHOCTH (B]ZO‘{HOCmb) PaCCUUTBIBACTCA IMYTEM YCPECOAHCHUA OLICHOK 0JI0YHOCTH
KaZIpOB:

1
brounocmo =———— z BIKi].
YUCI0 KA0pos

B 3aBCPUICHUC ITPUMCHATIOTCA CICAYIOIMINEC YPAaBHCHUA:

IF(BLOCKING > 1.4)  {
IF (20sEPSNR<25) EPSNR = EPSNR-1.086094*BLOCKING-0.601316
ELSE IF (EPSNR<30) EPSNR = EPSNR-0.577891*BLOCKING-3.158586
ELSE IF (EPSNR<35) EPSNR = EPSNR-0.223573*BLOCKING-3.125441
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5 MaxkcumainpHas JJIIMTCIBbHOCTD q)HKCI/IpOBaHHLIX KaapoB

Ommbku mepenayn MOTYT OOyCIIOBIHMBAThH JUTMTENbHBIE (PUKCHpOBaHHBIE Kaaphl. [ ydera IUTHTENBHBIX
(PUKCHPOBAaHHBIX KaJPOB UCIIOJIB3YIOTCA CIEAYIOIINE YPaBHEHHUS:

IF(MAX_FREEZE > 22 AND EPSNR>28) EPSNR = 28
ELSE IF(MAX_FREEZE > 10 AND EPSNR>34) EPSNR = 34,

rie MAX FREEZE — nanGonbinas AnUTENbHOCTh (PUKCHPOBAHHBIX KaapoB. HeoOxoauMo 3aMeTHTh, YTO
€CIIN JIUTEIBHOCTh BUAEOIOCIEN0BATEIPHOCTH HE PaBHA § ¢, CIEAYET HCIOJB30BaTh IPYyrHe MOpPOTOBBIE
3HAYCHMUS.

6 [Toaronka ¢ MOMOIIBIO KyCOYHO-THHEHHOU (DyHKINU

Ecnun EPSNR mpeBbimaer onpeaeieHHoe 3HaYCHNE, IPOUCXOANT HACHILEHHE BOCIPUHIMAEMOI0 KayecTBa.
B sTOoM ciaydae BO3MOXHO YCTaHOBUTH BepxHIoio rpanmily EPSNR. Kpome Toro, ecnm >xemaTelbHO
nuHeiiHoe cootHomienne EPSNR u DMOS (cpennss cyObeKTHBHAs OLEHKA pa3HUIIBI), BO3MOXKHO
MPUMEHHUTh KYCOYHO-TMHEHHYIO (QYHKLHUIO, KaKk IOKa3aHO Ha pucyHke 23. B mopenu, mposepsieMoil B
pamkax ucneltanuii VQEG RRNR-TV, BepxHss rpaHunia ycTaHaBIMBAIAaCh paBHOU 48, a HIKHSSA TpaHHALA —
paBHoii 15.

PUCYHOK 23

Kycouno-nuneiiHasi yHKUMs A5 TUHEIHHOT0 COOTHOLIEHHUS
EPSNR u DMOS

Brixon

L1 L2 U1 U2 Bxon

BT.1885-23

Monemn EPSNR ¢ yxXyaIieHHBIM STaJIOHHBIM CHTHAJIOM, TIPUMEHSEMBbIE i OOBEKTHBHOTO W3MEPEHUs
KadecTBa H300pakeHHsI, 0a3UPYyIOTCS Ha YXYAIMIEHHH TI0 KOHTYpaM. DTH MOJEIIH MOTYT OBITh PeaIn30BaHbI B
peasprHOM BpPEMEHH IPH YMEPEHHOM HCIIOJIb30BAHUH BHEIYHUCIUTEIBHBIX pecypcoB. Takue MOAEIN XOPOIIO
MOAXOJAT JUIsl MPUMEHEHUH, TPeOYIOMIMX KOHTPOJSI KauyecTBa HM300paKCHHS B PEaIbHOM BPEMEHU MpHU
YCJIOBHH JTIOCTYITHOCTH OOKOBBIX KaHAJIOB.
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Ipunoxenue B

Mopeas B: MeTo/ ¢ yXyIllIeHHBIM 3TAJI0OHHBIM CUTHAJIOM,
pazpadoranubiii pupmoit NEC

B macrostmem Ilpunoskennn npeacTaBieHo MoiaHoe GyHKIHOHANBHOE onrucanue moaenn RR. B momemn RR
Ha CTOPOHY KJIIMEHTAa BMECTO 3HAYEHHWH MUKCENeH IJIsi OTIENbHBIX OJIOKOB THKCENel 3aJlaHHOTO pa3sMepa
MepeIatoTCs 3HaueHUs akKTUBHOCTH. KauecTBO M300pakeHUs OLICHUBACTCS HA OCHOBE Pa3HUIIBI aKTUBHOCTHU
MEXIy JTalIOHHBIM KaHaioM uctouyHmka (SRC) m oOpaboranHO# BHaeomnocieqoBaTebHOCTRIO (PVS).
TouHOCTH OLICHKH! IOJIKHBI ITOBBICUTH IICUXOBU3YAJILHBIC BECOBLIC KOB(i)(i)I/I]_[I/IeHTLI.

Jannas mojmenbs He TpeOyeT NpPOCTPAHCTBEHHOM PETUCTPalliM U PETHCTPAllMd YCUJICHHUS W CJIBUTA,
TpeOyrolell BEIMUCIUTENBHBIX pecypcoB. Kpome Toro, Takas MOJIENb MOXKET ObITh peai30BaHa ¢ MOMOIILIO
porpamMmel, coctosimed u3 30 cTpoK, W TMporpamMMbl, cocTosmmied u3 250 CTPOK, YCTaHOBJICHHBIX Ha
CTOpPOHAX CcepBepa M KJIMEHTa COOTBETCTBEHHO. CIeNoBaTeNbHO, OHA MPUTOJHA JJIS KOHTPOJIS KadecTBa
HU300paXKEHUST B PEabHOM BPEMEHH B PalUOBEIIATENBHBIX CIyXk0aX, T/ OCHOBHBIMHU MPEUMYINECCTBAMHU
SIBIISIFOTCSL HEBBICOKUH YPOBEHB CIIO’KHOCTH, & TAKXKe MPOCTOTA pealTU3allHu.

1 Pe3rome

B momenn RR Ha cTOpoHY KIMEHTa BMECTO 3HAYCHUN IMHKCENCH Ui OTIENBHBIX OJIOKOB MHUKCENIeH
3aJIaHHOTO pa3Mepa IepeNaloTcsl 3HaYeHHsT aKTHBHOCTH. KadecTBO M300paXkeHHs OllEHUBAETCS Ha OCHOBE
pasaumbl aktuBHOCTH Mexay SRC um PVS. TodHOCTH OIEHKM JOKHBI TMOBBICHTH IICHXOBU3YaIbHBIC
BecOBbIe KOI()(OUIIEHTHI.

Hannas momenbs He TpeOyeT NTPOCTPAHCTBEHHOW PETUCTPAllMMl W PETUCTPAllMd YCUJICHHS W CIBUTA,
TpeOyrolel BEIYUCIUTENBHBIX pecypcoB. Kpome Toro, Takas MOJels MOKET OBITh peain30BaHa C IIOMOIIBI0
mporpaMmsl, coctosimeid u3 30 cTpoK, W MporpamMmbl, cocTosimeid u3 250 CTPOK, YCTaHOBJICHHBIX Ha
CTOpPOHAX cepBepa M KJIMEHTa COOTBETCTBEHHO. (ClenoBaTeNbHO, OHA MPUTOJHA JJS KOHTPOISI KadecTBa
M300pakeHNs B peajbHOM BPEMEHH B PaJHOBENIATENHHBIX CITy)K0aX, TIeé OCHOBHBIMH INPEMMYIIECTBAMU
SIBJISIFOTCSI HEBBICOKUI YPOBEHB CJIOKHOCTH, @ TAKKE MPOCTOTA PeaTA3aAIIHH.

2 Onpenenenust

AKTHBHOCTH (Activity) — cpeHee 3HaUeHHE a0CONIOTHON Pa3HUIIBI MEXIY KKIBIM 3HaAUYEHHEM SIPKOCTH U
CpeIHUM 3Ha4eHHEM SPKOCTH JUId OJ0Ka 3aJaHHOTO pa3Mepa.

Baok (Block) — marpuua nukceneid M x N (M-cTon61oB Ha N-psiioB).
Kanp (Frame) — 071HO TIOJTHOE TENIEBU3NOHHOE H300paKeHHE.

Ycuiaenne (Gain) — MHOXUTENBHBIH MacITaOHBIH KOYPPHUITUEHT, NPUMCHIEMBIH THIIOTETHICCKAM
stanoHHbM TpakToM (HRC) ko BceM mukcensiM OTAENBHON MIOCKOCTH M300pakeHusl (HarpuMep, sIPKOCTb,
LBETHOCTB). Y CHJICHHE CUTHANA IPKOCTH OOBIYHO HA3BIBAIOT KOHTPACTHOCTHIO.

I'mnorernyeckass JrtajonHasi uenb (Hypothetical Reference Circuit) (HRC)- wucnpITeIBacMas
BUJICOCHCTEMA, HaPUMeEp KOJCK WiH IU(POoBas CUCTEMa Niepeaun BUACON300paKEeHHIA.

Spxocts (Luminance) (Y)— 4YacTh BHJCOCHUTHANA, KOTOPHIA B OCHOBHOM IEPEHOCUT HWH(OPMAIIHIO
SIPKOCTH (T. €. MOHOXPOMHAS YaCTh U300paKeHHUS).

HanuonaabHblii koMuTeT 1m0 TeaeBU3HOHHbIM cuctemaMm (National Television Systems Committee)
(NTSC) — cuctema aHamOrOBOTO IIBETHOTO TEJIEBUCHUS C TIOJHBIM CUTHAJIOM € 525-CTpOYHBIM Kajapowm [1].

Cnsur uam casur ypoBHs (Offset or level offset) — agmuTuBHBIN (akTOp, NPUMEHSIEMBINH THIIOTETHYECKUM
stanoHHbIM TpakToM (HRC) KO BceM MUKCENsIM OTACIBHON IUIOCKOCTH M300pakeHus (HarmpuMmep, sipKOCTh,
[[BETHOCTH). CABUT CUTHAJIA APKOCTH OOBIYHO HA3BIBAIOT SIPKOCTHIO.

MukoBoe orHomenune curHan/mym (Peak signal-to-noise ratio) (PSNR) — oTHoleHHe MakCcUManbHOU
BO3MOKHOHM MOIITHOCTH CUTHAJIA W MOITHOCTH HCKaXKAIOIIETO CUTHAJ IIyMa.



Pex. MCJ-R BT.1885 25

da3zonepemennasi 1uHusi (Phase-Altering Line) (PAL) — cucteMa aHaIoroBOTO MBETHOTO TEJICBUACHUS C
TTOJTHBIM CHUTHAJIOM C 625-CTPOYHBIM KaJIpOM.

PacrpoBasi pa3Beptka (Raster scan)— oToOpakeHHE NPSIMOYTOJIBLHOTO ABYXKOOPIWHATHOTO TIONISA B
OJTHOKOOPIWHATHOE TI0JIe TAKUM 00pa3oM, YTO MepBas TOUYKa OAHOKOOPAWHATHOTO OIS OepeTcs 3 TepBOTO
BEPXHETO psiia IBYXKOOPAMHATHOTO TIOJS, CKAHMPYEMOT'O CJI€Ba HANpaBo, Jajiee aHAIOTHYHO M3 BTOPOTO,
TPETHEro H T. . PSIOB MO (epeMemasch BHU3), KAKIBIH U3 KOTOPBIX CKAHUPYETCS CIIeBa HAIIPABO.

OTaJIOHHBIH CUTHAJ B YMEHBIIEHHOH MoJioce 4acToT (YXyAIIeHHBIH 3TanoHHBIH curaan)(Reduced-
reference) (RR) — MeTomKa W3MEpEeHHS KadecTBa H300pakeHMs, B KOTOPOH HCIOJIB3YIOTCS Y3KOITOJIOCHEIE
CBOWCTBa, W3BJCUEHHBIE M3 WCXOMHBIX WM OOpabOTaHHBIX BHJEONOTOKOB, B IPOTHBOMOJIOXKHOCTH
WCTIONB30BaHMS ATAJIOHHOTO BHIEOCHTHajJa B TIIOJHOM IOJIOCE YacTOT, KOTOpoe TpebyeT MOTHOU
nHpopMaIu 00 UCXOTHBIX U 00pa0OTaHHBIX BHACOMOTOKaX [2]. MEeTOAMKH ¢ HCIIONH30BAHUEM TAJTOHHOTO
CUTHaJIa B YMEHBIIICHHOH MOJI0Ce XapaKTepHU3yIOTCs MPEUMYIIEeCTBAMH JJIsi KOHTPOJISI CKBO3HOTO KayecTBa B
IIpoIiecce IKCIUTyaTalliy, MMOCKOJIBKY WH(pOopMaIys 00 3TaJOHHOM CHTHalleé B YMEHBIIEHHOW IMOJIOCE JIETKO
MepeaeTcs Mo MOBCEMECTHO PACTIPOCTPAHEHHBIM CETSIM JIEKTPOCBSI3H.

H3yyaemasi o6aactb (Region of interest) (ROI)— pemerka wu300paxkeHus (ompeneicHHas B
MPSIMOYTOJILHBIX KOOPJIMHATAX), KOTOpask MCHOJb3YETCs JUIs ONpeeTICHNUs KOHKPETHOW TOA00IacTH MOJis
WJIH KaJipa BUJICON300paKEHUSI.

Cuena (Scene) — Iocae10BaTeILHOCTh BUACOKAIPOB.

IIpocTpancTBenHas perucrpamusi (Spatial registration) — mporecc, HCIONB3yeMBIH I OIEHKH U
KOPPEKIIMA TMPOCTPAHCTBEHHBIX CJIBUTOB 00pa0OTaHHOW BHJCOMOCIIEAOBATEILHOCTH OTHOCHUTEIHHO
HCXOJTHOW BHJICOIOCIIEIOBATEILHOCTH.

Bpemennasi peructpanusi (Temporal registration) — nmporecc, UCITONB3yeMBIN TSI OIEHKH W KOPPEKITAN
BPEMCHHbIX CIOBUTOB (HAmpuMep, 3aIepKKu H300pakeHms) 00pabOTaHHON BHACOITOCIICIOBATEIIFHOCTH
OTHOCHTEIHHO UCXOJHOM BHIEOTIOCIIE0BATEIHHOCTH.

Metpuka kadectBa nzoopaxkenus (Video Quality Metric) (VQM) — oOmias Mepa yXyIaIeHus KadecTBa
n3zobpaxenus. VQM mpencraBusieTcss B BUJIE OJHOTO YHCIa U UMEET HOMHHAIBHBINA JHUANa30H OT HYJS 10
€/IMHUIIBI, TJe HYJh O03HAYaeT OTCYTCTBHE BOCHPUHHMAEMOIO YXYHIICHUS, a €IWHUIA — MaKCUMalbHOE
BOCIIPHHAMAEMOE yXY/IIIICHHE.

3 OO0u1ee onucanue BLIYUCIEHUSI METPUKH KauyecTBa H300paskeHus!

Mogens RR mepenaeT Ha CTOpOHY KIMEHTA 3HAUYCHUS aKTUBHOCTH OTIEITBHBIX OJOKOB NMHKCENICH 3aJaHHBIX
pa3MepoB. OTH 3HAYEHHSA YKa3bIBAIOT AWCIIEPCHIO 3HAYEHUWH SPKOCTH B AaHHOM Onoke. Ha pucynke 1 B
obmieM Bue npencrasiaeHa Moaens RR. Kak mokazano Ha pucyHke 24, KaueCTBO N300payKEHUS OIICHHBACTCS
Ha OCHOBE pa3HHIIBI akTUBHOCTH MeXay SRC u PVS. Kpome Toro, st OBBIIIEHNUST TOYHOCTH OIICHKH K
pasHUIle AaKTUBHOCTH TIPUMEHSIOTCS TICHXOBH3yalbHbIE BecoBble Kod(duumentsl. OmeHka KadecTBa
M300paKeHUS OCYIIECTBIISIETCS B CIEAYIOMIEH TOCIeIOBATEIbHOCTH:

1 Ha cropoHe cepBepa paccUMTHIBa€TCsI 3HAYEHHWE AKTUBHOCTH Ul KaXIOro OJIoKa MUKCene
apkoctn 16 x 16 SRC. 3arem Bce 3Hau€HHs AKTHUBHOCTH TEPENAIOTCA Ha CTOPOHY KJIMEHTA.
3HavyeHHWEe AaKTHBHOCTH OTICIBHOTO OJIOKAa ompeaensercss Kak cpegHsisi aOCOoJIoTHas pa3HMLA
3HAYEHUsI 3TOro OJI0Ka U CPEAHEro 3HAYCHUSI.

2 Ha crtopone kimeHTa pacCUMTHIBAIOTCS COOTBETCTBYIOIIWE 3HAYEHHS AKTHBHOCTH OTHOCHUTEIHHO
PVS.
3 Ha cTopoHe KjMeHTa Kax/blii 0J0K IMepBOHAYAILHO OICHMBAETCS IO €r0 KBaJIpaTUYHOW OIIUOKE,

T. €. KBaJpaTHIHOH pasHHIIE MKy 3HaueHUsMH akTuBHOCTH SRC 1 PVS.

4 HCHXOBHSyaﬂLHLIe BCCOBEIC KOS(l)(i)I/IL[I/ICHTLI MMPUMCHSAIOTCA K CPEAHCKBAAPATUYIHBIM onInOKaM B
0J0Kax C BBICOKHUMU MIPOCTPAHCTBECHHBIMU KOMIIOHCHTAMU YacCTOTbl, KOHKPETHBIM IBETOM,
OOJIBIIIMM 3HAYCHHEM Me)KKaI[pOBOﬁ PpasHUIBI 1 CMEHOM CIICHEI.

5 IIpenBaputenbHasi OLEHKAa KadecTBa M300pak€HHS BBIBOJUTICA IO CyMME€ B3BELICHHBIX
KBaJIPAaTHYHBIX OIUOOK CITIOCOOOM, aHaJOrHUHBIM pacueTy PSNR.

6 DTa OlCHKa MOIU(PUIMPYETCS )i OTPaKCHUs (paTalbHBIX YXYALICHUH BCICACTBHE OJOYHOCTH W
JIOKAJIbHBIX HCKaKeHHM. B pesynbraTre MOIUGHUIMPOBAHHAS OLEHKA OTPaKaeT H3MEPEHHOE
KauecTBO m300paxeHus PVS B mogemn RR.



26

Pex. MCJ-R BT.1885

PUCYHOK 24
Onenka KayecTBa H300pakKeHHUs HA OCHOBE Pa3HUILI AKTHBHOCTH

Cropona cepsepa (SRC) Cropona kmienta (PVS)

——  Cep q

TToTokoBOE BHIEO

255 X’ vV 255

- L - L | :_l
ACtSRC, = 5= |Xk7)?| ACtPVS, = 5= IZO Y=Y

OreHKa KauecTBa
E,)=(ActSRC,;— ActPVS,)’
Vo =f (Ei, j)

Cetb é

Hudopmarms SRC
pop f (.) — (hyskuys s Berauciaenust PSNR

1 BECOBBIX KOA(P(DHUIIEHTOB

o /

BT.1885-24

I[eTaJIBHOC OIIMCaHHE aJIropUuTMA

CtopoHa cepBepa

B kaxmoM kazmpe depes OJHy CeKyHIy Iocie BepXHel TOUYKH BHJICONOCIEeI0BATEIbHOCTH TTHKCEIH
aprocti SRC pazaensitorcs Ha 010ku nivikeeneld 16 x 16. B Teyenne nepBoit ceKyHAbI HHPOpMAaLUs
SRC He mepemaercsi, TaKk Kak Ui 3pEHUs YeJOBEKa CIOKHO ONPENEeNUTh YXyALICHHE KauecTBa
N300pakeHNs B CIIEHAX Cpasy XKe C MepBOro Kajpa.

s kaxkmoro 6J0ka, KpoMe OJIOKOB TI0 MEPUMETPY Kajipa, PACCUUTHIBAIOTCS 3HAYCHUS aKTUBHOCTH
(aktuBHOCTH SRC: ActSRC;;). Ha pucynke 25 mokaszaHbl OJIOKH, 3HAUEHHs aKTUBHOCTH KOTOPBIX
paccunThIBalOTCs U nepenaroTcs. AKtuBHocTh SRC paccunThiBaeTcs CieayonmM 00pa3oMm:

255

ActSRC | | = ﬁZ\Xk -X
k=0

2

rie X, — 3Ha4YeHWe APKOCTH B OJoke 3amaHHOro pasmepa SRC, X — ero cpenHee 3HaueHME,
i — HOMep Kazapa, j — HoMep O0JIoKa B Kazpe.

3HaYeHUS] aKTUBHOCTH, KOTOPBIC BBIPAXKAIOTCSI BOCEMBIO OMTaMHU Ha OJIOK, MEPEatoTCsl Ha CTOPOHY
KJIMEHTa B TOPSAKE pacTpOBOM pa3BepPTKH dYepe3 OJHYy CEKYHAy C BepXHEH TOYKH
BueonociaeaoBatesibioctu. [1pu nepenade uadopmannu SRC co ckopocThio 256 KOUT/C 3HAYCHHS
AKTHBHOCTH PAcCUMTHIBAIOTCS BO BCex Kajapax. Eciu ckopocTh cHibkaercs 10 80 KOUT/c, 3HAUCHUS
AKTHBHOCTH PACCUYUTHIBAIOTCS B KAXKIBIX YETBIPEX KAIPax.
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PUCYHOK 25

Bioku ¢ nepenayeii u 0e3 nepeaayu 3HaYeHUii AKTHBHOCTH

Broku ¢ nepenaueii 3HaueHui akTuBHOCTH (16 % 16 mukceneit)

Broku 6e3 mepenaun 3HaUeHUH akTHBHOCTH (16 % 16 mukcerneit)

BT.1885-25

CTopoHa KJIMeHTa

Pacuert cpexnexkBaApaTUYHON OIIMOKY 3HAYECHN AKTUBHOCTH

B kaxknoMm kajpe depe3 OQHY CEKyHIY C BEPXHEH TOYKH BHJICONOCIICIOBATEIBHOCTH MUKCEIH
spkoctd PVS pasmenstorces Ha 6110ku miukceneit 16 x 16.

Jns kaxnoro 01oka, Kpome OJOKOB 1O MEPUMETPY Kaapa, paCCUUTHIBAIOTCS 3HAUCHUSI aKTUBHOCTH
(aktuBHOCTH PVS: ActPVS;;). Ilpu nepenaue undpopmanuu SRC co ckopocTeio 256 xOut/c
3HAYCHUS! aKTUBHOCTH PACCUMTHIBAIOTCS BO BCEX Kaapax. Ecim ckopocTh mepemaun MH(OpMAIH
SRC cumxaercst 10 80 kKOUT/c, 3HAYSHNSI aKTHBHOCTH PACCUUTHIBAIOTCS B KAXK/IBIX YETHIpEX Kaapax.

1 25 .
ACtPVS ;= =3, v, - v

1]
k=0

b

3HaueHHe APKOCTH B OJIOKE 3aJaHHOTO pazmepa PVS;

Yi
? . €T0 CpEAHEC 3HAUCHUC,
1 HOMEP KaJpa,
J

HOMep OJI0Ka B Kajipe.

Keagparnunsie 3HadueHms pacxoxkaeHus akTuBHOCTH SRC m aktuBHOCTH PVS paccuntheiBarorcs
CIIEIYFOIIUM 00pa3oM:

E,, = (4ctSRC, , — ActPVS, )

HCI/IXOBI/ISyaJIbHOC B3BCIIMBAHHUE 1JIA KBaIIpaTH‘lHOﬁ OIIHOKH

Jlis ydeTta XapakTEpHCTHK 3pEHHS 4elOBeKa K E;; IPUMEHSAETCA TPH THIA B3BEIIMBAHMA: B3BCIIMBAHUE
Pa3HUIBI TPOCTPAHCTBEHHON YACTOThI, B3BEIIMBAHUE pPa3HUIBI B KOHKPETHOW I[BETOBOW OO0NAaCTH H
B3BELINBAHNE MEXKAIPOBON PA3HUIIBI APKOCTH.
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1 B3BemmBanue pa3HuIbL HpOCTpaHCTBeHHOﬁ HaCTOThI

Jlyis 3TOrO THIA B3BEIIMBAHUS HUCIOJB3YHOTCS BeCOBOHM Ko3(duument Wsr u moporoBoe 3HaueHue I/hgr.
(3nauenust Wsru Thsr cM. B Ta0nure 8.)

g E;; x Wsr, ActPVS;; > Thgp

e
i E;;, unave

2 B3BemmBanue pa3HHUIBI B KOHKPETHOM 1IBETOBOM 00acTu

Jns mo0oro JaHHOTO OJOKAa M TPWICTAIONIMX K HEMY BOCBMU OJIOKOB, €CIH YHCIO MHKCENeH
(NumROIPixels) naxomutcs B auamnazoHe 48 < V<224, 104<Ch<125, a 135<Cr<171 mnpesblmiaer
MOPOrOBOE 3HAYCHHUE, BBITIONHACTCS CICIYIOIIee B3BSIIMBAHNE C HCIIOIB30BAHUEM BECOBOTO K03 duIreHTa
W cr v TOpOTOBOTO 3HAUCHUS 1/1cR:
£ e E;; X Weg, NumROIPixels >Thcp
; .

/ Ei,ja uHauye
3uaueHus Wegr v Theg M. B Ta0ure 8.

3 B3BemuBanne MeXKaIpOBOH pa3HULbI IPKOCTU

PaccuntsiBaercs cpennsas abcomoTHas pasHuna (MAD;;) spKOCTH NaHHOrO OJIOKa M IpEIIIECTBYIOLIEro
Kajpa:
1 255

MAD ;= 75 Doy, -y,

k=0

b

19 4 1
rae Y, — 3HayeHue sipkocTH B Onoke nukcenerd 16 X 16 PVS u Y, — 3HadeHue apkocTu B TOU ke MO3UIMH B
MIPEAIIECTBYIONIEM Kape.

BrinonHsieTcs cienyrolas onepamus B3BEIIMBAHUS C HCIIOJIB30BAHUEM BECOBBIX KOAPQPHUIMEHTOB Wypi,
Wtap2 v TOpoToBBIX 3HAUCHUH Ty4p1, Thyap:.

Ei,j X WMADI’ MADL] > ThMADl
Ej; & Eij>* Wyapa,  MAD;; < Thyup; .

ij
E unaye

ij°
Buauenus Wiript, Wuupz, Thyupt 1 Thaapy ¢M. B TaOauLe 8.

4.2.3 B3BemmuBaHue B ciyuae olpeeJeHUusi CMEHbI CLEeHbI
Jns xaxoro kajapa paccuutbiBaercs cpennee MAD;; (MADAve;):
1 M-1
MADAve ; = — > MAD
M j=0 )

rae M — konuyecTBo OJIOKOB B Kajpe.
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Ecnu 3Hauenne MADAve; peBbIIaeT MOPOTOBOE 3HaUeHUE T/gc, CANTACTCS, YTO MPOU3OIIIIA CMEHA CIICHBI.
Ecnu onpenenserca cMeHa crieHa, 3HaueHue F;; ycraHaBiubaeTcs paBHbIM 0 Juid 15 Kagpos, ciienyronmx
nociie cMeHsI cuieHsbl (SceneChange).

TRUE, MADAve, > Thgc

SceneChange =
& FALSE, uHave
E;;jx Wsc 15 kaopos nocne SceneChange = TRUE
: E;, uHaue

3nauenus Wscn Thse cMm. B Tabiure 8.

4.2.4  PSNR Ha ocHOBe KBapPATH4YHOI OIIMOKH aKTUBHOCTH
PSNR paccunteBaeTcs Ha OCHOBAaHUW PA3HUITBI AKTUBHOCTH:

VO =10 x log ,, 255 x 255

Ave

N-1M-1

1
B =y 2 2 For

i=0 j=0

rae N u M — KOJIMdecTBO KaJIpoB U OJIOKOB, UCITOJIb30BaBIIHIXCS sl pacdeta PSNR.

4.2.5 B3BemmuBaHue apTe()aKTOB 0JJOYHOCTH

Jlnst 3TO# omepaiy B3BEIIMBAHUS HCIIOIb3YIOTCS BECOBOM Koa(duiueHT Wy, moporoBoe 3HaueHue Thp, U
uHpopMmaius 00 ypoBHe 0J09HOCTH BL .. (3Hauenus Wy, u Thg, cM. B Tabnuiie 8.)

VQ P VQ x WBL’ BLAve > ThBL ‘
VQ’ uHaue

BL 4., paccuuThIBa€TCS B CIEIYIOIIEH MOCIE0BATEILHOCTH:

Lllaz 1: PaccunThIBaroTCS 3HAYEHUS] AKTUBHOCTUA Wi OnokoB mukceliei 8 X 8 B PVS. Kak mokasano Ha
pucynke 26, cpennee 3HaueHHe (Acty,) ABYX 3HAUCHUU aKTHUBHOCTH B TOPHU30HTAIBHO COTJIACOBAHHBIX
onokax (ActBlock,, ActBlock,) paccuuThIBaeTCs CICIyOIIMM 00pa3oM:

Act ,,, = %(ActBlock | + ActBlock ).

Illaz 2: PaccunThIBaeTCsl aOCOTIOTHAS pa3HUIIA 3HAYCHHUH APKOCTH HA TPaHUIlE MEXIy AByMs Ookamu. Kak
[IOKa3aHO Ha pHCYHKe 26, Y o U Y, IPEACTaBISAIOT 3HAUEHUS APKOCTH B JIEBOM U IMpPaBOM OJOKax BIOJIb
rpanunpl. CpemHee 3HaueHWE aOCONMIOTHOW pasHHIBI sSIpKOCTH, DiffBound, BBIpaXKaeTcs CIeIyHOIIHM
obpazoM:

DiffBound =

;
Z |Y1,i B Yz,i|~
i=0

Ilae 3: Onpenensercst ypoBeHb 0;104HOCTH (BL;;) 1o otHomeHuto DiffBound n Actyye, T. €.:

B, = DifBound
! Act ,,, +1

0 | —
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Lllaz 4: Cpennee 3HaueHUE BL pacCUUTHIBACTCA CIEIYIOIIAM 00pa3oM:

N-1M-

BL ,, = i ZZBL

Jnd kpaiiHMX mpaBbIX OJIOKOB B KaJpax 3HaueHHe BL;; ycTaHaBIMBaeTcs paBHBIM Hymo. Eciu BLyy.
NIPEBBIIACT  3apaHee  yCTAHOBIEHHOE [IOpPOroBO€  3HAYECHUE, CUUTaETCs, 4TO JlaHHAas
BHJICOTIOCIIEIOBATEIbHOCTE MMEET BBICOKMH YpPOBEHb OJOYHOCTH, M IJISl pacueTa 3HAYCHUS KadecTBa
n300pakeHns IPUMEHACTCS B3BEIINBaHUE.

PHCYHOK 26
3HayeHHs1 MUKceJIell U AKTUBHOCTH /ISl BBIYUC/IEHUS YPOBHS 0JI0YHOCTH
bioxk 1 biok 2
AKTHBHOCTH = AKTHBHOCTH =
ActBlock | ActBlock
IIukcenu BIOJIB IIukcenu B1OJIb
TpaHULBI OJIOKa T'PaHULBI OJI0Ka
(Yl 0 yl 1? Yl 2 Yl 3 YI 42 Y] 52 Yl 62 YI ) (YZ 0° Y2 1» y22’ YZ 32 Y2 4 Y2 52 YZ() Y 7)

BT.1885-26

4.2.6 B3BemmBaHHe JOKAJIBHBIX apTe(aKTOB MCKAKEHUS

JIist 9TOM Omepaly B3BEIIMBAHKS MCIIONB3YIOTCS BeCOBOM Koaddumment Wy, moporoBoe 3Hauenue Thy; u
JokanbHOe uckaxenue LI, (3uauenust Wiy u Thy; cM. B Tabmuiie 8.)

VQ X WLI’ LI > ThL]

VO <
Q VQ: uHave

LI paccumthiBaeTCcS B ClEOyIOMmeH mociaenoBaTeabHOCTH. i1 0OHApYKeHHS JIOKAIBHBIX HMCKaKCHHMA
BCJICJICTBUE OIIMOOK Mepeiayn UCIIOb3YeTCs Pa3HUIla JUCTIEPCHH aKTHBHOCTH.

1 Jns nmapHOTO OJIOKAa M BOCBMH TPWJIETAIOIMINX K HEMY OJIOKOB pPacCUMTBIBACTCS IUCTICPCHS
aktuBHOCTU Kak jis SRC (ActVarsgc), Tak u mist PVS (ActVarpys) n BeIYUCIAETCS aOCOIIOTHAS
Pa3HUIIA STUX 3HAYCHUH TUCTICPCHUHU:

AActVar = ‘ActVarSRC — ActVar pyg ‘ .
2 Jlnst KaxJI0ro KaJpa pacCUUThIBAETCS CPEHEE ITUX 3HAUEHUI aOCOIIOTHOM pa3HULIBL.

LI paccauThIBaeTCS KaK OTHOIIEHHE Makcumyma (AAdctVary,,) k Muaumymy (AAdctVary;,) cpeaHero
3HA4YCHMUA.

AActVar,,, | MctVar,,,. AActVar,,, #0
1 AActVar,,, =0.

LI =

VQ npencraBiseT OlICHKY KauecTBa H300pakeHUs.
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4.27 IlapameTpsl JUIfl ONlepalUii B3BeIINBAHUS

B tabnuie 8 npuBeneHb 3HAYCHUS TAPAMETPOB ISl OTIEPAIlUil B3BEIIMBAHUSA. JTH 3HAUCHHS OTIPEIEISIOTCS
B paMKax MpeABapUTEIBHOTO HKCIIEPUMEHTA C KBATU(PUKALNOHHBIM HA00POM JTaHHBIX.

TABJINIIA 8
I[MapameTppl B3BeIINBAHUSA
Tun onepanuyn B3BeIIUBaHUSI 3HaueHHs] NIapaMeTPOB
B3BemuBanue npocTpaHCTBEHHON W 0,36
Y4aCTOTBHI Th 25
B3BemmBanue onpeneaeHHoro uBeTa Wer 4,0
Ther 175
B3BemmBanue MeXKaApOBON pa3HUIIBI Wiiap1 0,06
Thyap 17
Waapa 25
Thyaps 13
OmnpeneneHne CMEHBI CIIEHBI We 0,0
Thsc 35
B3BemmBanue 0J104HOCTH Wi 0,870
Thpy 1,0
B3BemmBanye TOKaabHBIX NCKAKEHUI Wi, 0,870
Thy; 1,67
4.2.8 Perucrpanus
1 [IpocTpaHCTBEHHAs perucTparus

st momenmn RR He TpeOyeTcs kakas-mu0o MpoCcTpaHCTBEHHAS PETUCTpAIHs. DTO 00YCIOBINBACTCS TEM, UTO
KBaJgpaTU4iHas omnoKa PaCCUUTHIBACTCA II0 3HAUCHHUAM aKTUBHOCTHU, KOTOPLIC 60.]'[66 YCTOP'I‘IPIBBI K
MPOCTPAHCTBEHHBIM C/IBUTAM, UEM 3HAYCHUS, PACCUUTHIBAEMBIC IO 3HAYCHUSIM MUKCEIEH.

2 Perucrpanmst ycuiaeHus 1 CIBUTA

His momenu RR He TpeOyercs kakas-au00 pEerucTpanvs YCHICHHS W CABHra. 3HAYCHUS aKTUBHOCTH IIO
CBOEMY CYIIIECTBY HE MOJIBEPKEHBI CABUTY (T. €. KOMIIOHEHTHI DC) U HeUyBCTBUTEIBHBI K YCUIICHHUIO.

3 BpemeHnnas peructpanus

ITocnemoBatenpHOCTE PVS pasmemsiercss Ha OXHOCEKYHAHBIC IIOMIMOCICIOBATEIBHOCTH. Jlmsa Kakmoi
MTO/IMIOCIIEIOBATEIIEHOCTY PACCYUTHIBAIOTCS CPEAHEKBAIPATHYHBIC OIUOKH aKTHBHOCTH IPH MATH BapHaHTaX
3amepkkn 10 £2 kanpoB SRC. B pe3ynmprare B KauecTBe CpPEJHEKBAAPATHYHOW OMIMOKH B KaKIOU
MTOATIOCTIEIOBATEILHOCTH MCTIONB3YETCS MUHUMATFHOE 3HAUECHUE CPETHEKBAPATHYHBIX OIHOOK. 3a1epiKKa,
pe3yJIbTaTOM KOTOPOW SIBJISICTCS 3Ta MUHUMAJIbHAs CpPEAHEKBaJpaTHUYHAs OIIMOKA, KOPPEKTHPYETCS Kak
BPEMEHHAS pErucTpanusl.

5 IIpumep nporpamMmmbl

Huxe npuBenen npumep nmporpammsl Ha si3bike C qiis monenu RR.
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5.1 Oo0mas nporpaMma JJisi CTOPOHBI cepBepa U CTOPOHBI KJINEHTA
/I PacyeT 3Ha4eHns akTVBHOCTM

unsignedint CalcActivitybyRect(unsignedchar * IpBuffer, int nWidth, int iRectWidth, int iRectHeight)

{
[/ \pBuffer: Kagposbin 6ydep spkoctu
// nWidth: lWnpuHa kagposoro 6ydepa
/l iRectWidth: LLnpuHa npsMoyronbHyKa AN pacyeta 3HaYeHUsi aKTUBHOCTMU.
/l iHeightWidth: BeicoTa npsimoyronbHuKa Ansi pacyeTa 3Ha4eHUs akTMBHOCTU.
unsigned int i, j, NnTmp, nSum;
unsigned char *pSrc;
pSrc = IpBuffer; nSum = 0;
for (j = 0; j < iRectHeight; j++){
for (i = 0; i < iRectWidth; i++){
nSum += pSrc]il;
}
pSrc += nWidth;
}
nSum / = (iRectWidth*iRectHeight);
pSrc = IpBuffer; nTmp = 0;
for (j = 0; j < iRectHeight; j++){
for (i = 0; i < iRectWidth; i++){
nTmp += abs(pSrc[i] - nSum);
}
pSrc += nWidth;
}
return nTmp/iRectWidth/iRectHeight;
}
5.2 Cropona cepBepa

/I CTopoHa cepBepa

int nStart = 30;// Homep kagpa Ansa Havana nepegayn (30 unu 25)

int nMaxFrame = 240;// konn4ecTBO BCcex kaapoB n3obpaxeHus (240 unun 200)
int nFramelncrement = 1; // 1 pana 256 kbut/c, 4 pna 80 kbut/c

void ReadOneFrame(unsigned char, int, unsigned char *, int, int); // pyHKUMA ANs cuMTEIBAHUS AaHHBIX OOHOrO Kaapa

int nRim = 16 // 16 unn 32 (ucnonb3oBaTtb 32 BO nsbexaHue npobnem B HRCY)

/l nWidth: LnpuHa kagposoro 6ydepa
/I nHeight: BeicoTa kagpoBoro 6ydepa
/' lpSrc: Kagposbin bycdep
for(int nFrame = nStart; nFrame < nMaxFrame; nFrame+=nFramelncrement){
ReadOneFrame(SRC_file_name, nFrame, IpSrc, nWidth, nHeight);
for (j = 16; j<nHeight-32; j+=16) {
for (i = nRim; i < nWidth- nRim; i+=16) {
IpOrg = IpSrc + i + j * nWidth;
nActSrc = CalcActivitybyRect(IpOrg, nWidth, 16, 16);
/I OutputSRCInfo(nActSrc); // BeiBoa unu nepegada nHgopmaummn SRC
}
}
}

5.3 CropoHna KJIneHTa

/I CTopoHa KnueHTta

int nStart = 30;// Homep kagpa ansa Havana nepegayn (30 unu 25)

int nMaxFrame = 240;// konu4ecTBO Bcex kagpoB nsobpaxexus (240 nnu 200)
int nFramelncrement = 1; // 1 ana 256 kbuTt/c, 4 pna 80 kbut/c

int nFrameRate = 30; //30 unn 25

void ReadOneFrame(unsigned char, int, unsigned char **, int, int); // dyHKUMA ONA CUMTBIBAHMS OAHHBIX OOHOrO Kaapa
void ReadRRData(unsigned char, int, unsigned char *); // dyHkuns ona cuntbiBaHUs gaHHbIX RR

/l nWidth: LLnpuHa kagposoro 6ydepa

/I nHeight: BeicoTa kagpooro 6ydepa

/I lpPvsByte[3]: Kagposbin 6ydep (0:Y, 1:Cb, 2:Cr)

/I lpPRRData: Bydep aaHHbix RR

// double ddActivityDifferencel[][]: CoxpaHeHne pa3HULbl aKTUBHOCTU
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// double ddActivityVariance[][]: CoxpaHeHne aucrnepcumn akTMBHOCTH
/I double ddBlock[][]: CoxpaHeHne ypoBHsi 65TI04HOCTU
/I int nSceneChange: Onpeaenenne cMeHbI CLEHbI

for(int nTemporalAlign = -2; nTemporalAlign <=2; nTemporalAlign++){ // lameHeHne BpemeHHOro corrnacoBaHus
for(int nFrame = 0; nFrame < nMaxFrames; nFrame++){
if(nFrame+nTemporalAlign >= nMaxFrames || nFrame+nTemporalAlign < 0)
continue;

}
ReadOneFrame(PVS_file_name, nFrame+nTemporalAlign, IpPvsByte, nWidth, nHeight);
if(((nFrame-(nFrameRate+nStart)) % nFramelncrement) ==
&& nFrame >= nStart ){
ReadRRData(RR_file_name, nFrame, IpPRRData);
ddActivityDifference[nTemporalAlign+2][nFrame]
= RRCalcObijectiveScore(IpPvsByte, IpPRRData, nWidth, nHeight);
ddActivityVariance[nTemporalAlign+2][nFrame] = gnActVar;
telsef
ddActivityDifference[nTemporalAlign+2][nFrame] = 0.0;
ddActivityVariance[nTemporalAlign+2][nFrame] = 0.0;

/I YpoBeHb 6no4HoCTH
if(nTemporalAlign ==0){

ddBlock[nFrame] = BlockinessLevelEstimation(lpPvsByte[0], nWidth, nHeight);
}

/I Konus nukcenen ansa pacyeta MexkagpoBon pasHuLb
memcpy(IpPrev, IpPvsByte[0], sizeof(char)*nWidth*nHeight);
if(nSceneChange){

nSceneChange--;
}

}

double ddSum([8][5]; // Cymma pasHuLibl aKTUBHOCTM OIS K&XO0W CEeKyHAbI
double ddActVarSum[8][5]; // Cymma aucnepcum akTMBHOCTU AN KaXXA0W CeKyHAbI
double ddActVarMax[8][5]; / Makcumym cyMmbl AUCMEPCUN aKTUBHOCTU
double ddActVarMin[8][5]; // MuHuMym cymMmmbl AUCNEPCUN aKTUBHOCTU
int nnMin[8];
int nnNumFrames|[8][5];
#define LARGENUMBER 100000
for(int nTemporalAlign = -2; nTemporalAlign <=2; nTemporalAlign++){
for(int j=0;j<8;j++){ // onsa kaxgown OAHON CeKyHAbI
nnNumFrames[jl[nTemporalAlign+2] = 0;
ddActVarMax[jl[nTemporalAlign+2] = 0.0;
ddActVarMin[jJ[nTemporalAlign+2] = LARGENUMBER,;
ddActVarSuml[j][nTemporalAlign+2] = 0.0;
ddSum([jl[nTemporalAlign+2] = 0.0;
for(int i=nFrameRate*j;i< (j+1)*nFrameRate; i++){
if(ddActivityDifference[nTemporalAlign+2][i] {
ddSum([jl[nTemporalAlign+2] += ddActivityDifference[nTemporalAlign+2][i];
nnNumFramesl[jl[nTemporalAlign+2]++;

}
ddActVarSum[jl[nTemporalAlign+2] += ddActivityVariance[nTemporalAlign+2][i];
if(ddActivityVariance[nTemporalAlign+2][i]
if(ddActivityVariance[nTemporalAlign+2][i] >
ddActVarMax][j][nTemporalAlign+2]){
ddActVarMax[j][nTemporalAlign+2] =
ddActivityVariance[nTemporalAlign+2][i];

}
if(ddActivityVariance[nTemporalAlign+2][i] <
ddActVarMin[jJ[nTemporalAlign+2]
ddActVarMin[jl[nTemporalAlign+2] =
ddActivityVariance[nTemporalAlign+2][i];
}
}

}

/I PacyeT ypOBHS NoKarnbHbIX UCKAXXeHUI
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double dSum = 0.0;
double dActMax = 0.0;
double dActMin = LARGENUMBER;
int nNumFrames = 0;
for(int j=1; j<8; j++){
double dMin = LARGENUMBER;
double dMinSum = LARGENUMBER;
for(int nTemporalAlign = -2; nTemporalAlign <=2; nTemporalAlign++){
if(ddActVarSumlj][nTemporalAlign+2] < dMin){
dMin = ddActVarSum([j][nTemporalAlign+2];
dMinSum = ddSum([jl[nTemporalAlign+2];
nnMin[j] = nTemporalAlign+2;
}

}

dSum += dMinSum;

nNumFrames += nnNumFrames[jl[nnMin[j]];

if(ddActVarMax[jl[nnMin[j]] > dActMax){
dActMax = ddActVarMax[j][nnMin[j]];

}

if(ddActVarMin[j][nnMin[j]] < dActMin){
dActMin = ddActVarMin[j][nnMin[j]];

}

}
double dTransError = dActMax/dActMin;

// PacyeT ypoBHsi 6ri0MHOCTH

double dBlockinessLevel = 0.0;

for(int i=0;i<nMaxFrames; i++){
dBlockinessLevel += ddBlock[i];

dBlockinessLevel = dSumBlock / (double)(nMaxFrames-nFrameRate);

/] Pac4yeT oueHKM KavyecTBa M300paxkeHus
if(NNumFrames && nNumberOfBlocks && dSum){
dSum = dSum / (double)(nNumFrames)/(double)nNumberOfBlocks;
dSum = 10*log10(255.0*255.0/dSum); //PSNR Ha ocHOBe pasHuLibl aKTUBHOCTM
if(dBlockinessLevel > dBlokinessTh){
dSum /= nBlockinessWeighting; // BaBelurBaHue ypoBHSA 6rio4HOCTM

}
if(dTransError > nErrorTh){

dSum /=nErrorWeightin; // BasewunBaHue ownbok nepegayn
}

return dSum;

/I PacyeT 3HaveHus MAD
unsigned int CalcMAD(unsigned char *IpSrc, unsigned char *IpSrc2, int nWidth, int nHeight)

/I lpSrc:  KagpoBbii 6ydhep TekyLiero kagpa
/I \pSrc2: Kapgposbii 6ydep npealecTByoLLero kagpa
unsignedint nSum = 0;
for (y = 0; y < nHeight; y++) {
for (x = 0; x < nWidth; x++) {
nSrc = IpSrc[x + y*nWidth];
nSrc2 = IpSrc2[x + y*nWidth];
nSum += abs(nSrc - nSrc2);

}

}
return nSum/nWidth/nHeight;
}

/l PacyeT cpegHekBagpaTUyHOM OLWMOKN C B3BELUMBAHNEM
double RRCalcObjectiveScore(unsigned char *IpBuffer([], unsigned char *IpRRData, int nWidth, int nHeight)
{
int i, j, nActSrc, nActSrc2, nY, nCb, nCr, nYMin, nYMax, nCbMin, nCbMax, nCrMin, nCrMax;
int nMBX, nMBY, nMB, nStart;
unsigned int nMAD;
double e2, dMADFrame;
unsigned char *IpRec, *IpRecCb, *IpRecCr, *IpPrev1;
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int NnRim = 16 // 16 unu 32 (ucnonb3oBaTb 32 BO n3bexaHue npobrnem B HRCI)

nYMin = 48; nYMax = 224; nCbMin = 104; nCbMax = 125; nCrMin = 135; nCrMax = 171;
nMB = nMBY = nStart = 0;
e2 = dMADFrame = 0.0;

for (j=16+nStart; j<ilmageHeight-32; j+=16) {
nMBX = 0;
for (i= nRim; i<nWidth- nRim; i+=16) {
IpRec = IpBuffer[0] + i + j * nWidth;
IpRecCb = IpBuffer[1] + i/2 + (j/2) * nWidth/2;
IpRecCr = IpBuffer[2] + i/2 + (j/2) * nWidth/2;
IpPrev1 = IpPrev + i + j * nWidth;

nActSrc = IpPRRData[nMB]; // AktnBHocTb SRC

nActSrc2 = CalcActivitybyRect(IpRec, nWidth, 0, 16, 16); // AktuBHocTb PVS
nActArray[nMB] = (double)nActSrc;

nActArray2[nMB] = (double)nActSrc2;

e2 += (double)(nActSrc - nActSrc2)*(nActSrc - nActSrc2); // CpepgHeksagpatudHas owwmbka

nMAD = CalcMAD(IpRec, IpPrev1, 16, 16, nWidth); // Mexkagpoas pasHuua
dMADFrame += (double)nMAD;

int NNumROIPixels=0;
for(int jj=-16;]j<32; jj++}
for(int ii=-16;ii<32; ii++){
nY = IpReclii];
nCb = IpRecCDblii/2];
nCr = IpRecCrlii/2];
if(nY >= nYMin && nY <= nYMax
&& nCb >= nCbMin && nCb <= nCbMax
&& nCr >= nCrMin && nCr <= nCrMax){
NNumROIPixels++;
}

}
IpRec += nWidth;
if((j & 1) == 1{
IpRecCb += nWidth/2;
IpRecCr += nWidth/2;
}
}

/I BaBelumBaHme NpoCTpaHCTBEHHOM YacToTbl
if(nActSrc2 > gdwActThHigh){
e2 *= dActWeightingHigh;
}else if(nActSrc2 > gdwActThLow){
e2 *= dActWeightingMiddle;
lelse {
e2 *= dActWeightingLow;
}

// B3BelumBaHne KOHKPETHOW LiBeToBOW obnactu
if(nNumROIPixels > dwROITh){

e2 *= dROIWeighting;
}

/| B3BelLumBaHe MeXKaapOBON pa3HuLbl
if(nMAD > dwMADThHigh){
e2 *= dMADWeightingHigh;
}else if(nMAD > dwMADThLow){
e2 *= dMADWeightingMiddle;
}else {
e2 *= dMADWeightingLow;
}

nMB++; nMBX++;

1
NMBY++;

35
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// PacyeT ancnepcumn akTMBHOCTU MO AEBATU NpureratoLwmm 6rokam.
double nSumActSrc, nSumActPvs, nActVar, nActVar2;
nSumActSrc = nSumActPvs = nActVar = nActVar2 = 0.0;
gnActVar = 0.0;
for (j=1; j<nMBY-1; j++) {
for (i=1; i<nMBX-1; i++) {
nSumActSrc = 0.0;
nSumActPvs = 0.0;
for(int jj=-1; jj<2; jj++)X
for(int ii=-1; ii<2; ii++){
nSumActSrc += nActArray[i+ii+nMBX*(j+jj)];
nSumActPvs += nActArray2[i+ii+nMBX*(j+jj)];
}

}
nSumActSrc /= 9.0;
nSumActPvs /= 9.0;

nActVar = 0.0;
nActVar2 = 0.0;
for(int jj=-1; jj<2; jj++)}
for(int ii=-1; ii<2; ii++){
nActVar += (nActArray[i+ii+nMBX*(j+jj)]-nSumActSrc)*(nActArray[i+ii+nMBX*(j+jj)]-nSumActSrc);
nActVar2 += (nActArray2[i+ii+nMBX*(j+jj)]-
nSumActPvs)*(nActArray2[i+ii+nMBX*
(j*j))]-nSumActPvs);
}

}

nActVar /= 9.0;

nActVar2 /= 9.0;

gnActVar += abs(nActVar- nActVar2);

}
}
/I CpefHsia gucnepcms akTMBHOCTU Kagpa
gnActVar = gnActVar/(double)(nMBY-2)/(double)(nMBY-2);
/l OnpegeneHne cMeHbl CLEHbI
if(dMADFrame/ nMB > 35){
nSceneChange = 15;
}

if(nSceneChange){
e2=0.0;
}

gnFrame++;

return e2;

// PacyeT ypoBHsi 65104HOCTU
double BlockinessLevelEstimation(unsigned char *IpBuffer, int nWidth, int nHeight)

{

/I IpBuffer: kagpoBbii 6ydep

int i, j, nActSrc, nActSrc2, nDiff, nMB;
unsigned char *IpRec = IpBuffer;
double dBlock=0.0;

nMB = 0;
for (j=0; j<nHeight-16; j+=8) {
for (i=0; i<nWidth-16; i+=8) {
IpRec = IpBuffer + i + j * nWidth;
nActSrc = CalcActivitybyRect(IpRec, nWidth, 0, 8, 8); / AkTuBHOCTb neBoro 6roka
nActSrc2 = CalcActivitybyRect(IpRec+8, nWidth, 0, 8, 8); // AkTuBHOCTb NpaBoro 6noka
nActSrc = (nActSrc + nActSrc2)/2; // CpegHee 3HaYeHUI akTUBHOCTH
nDiff = 0;
for(int jj=0;jj<8; ji++X{
nDiff += abs(IpRec[7+jj*nWidth] - IpRec[8+jj*nWidth]);
// PasHnua 3Ha4YeHuin ApKoCTU Ha rpaHunLie

}
nDiff/= 8;
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dBlock += (double)nDiff/(double)(nActSrc+1);
nMB++;

}
return (double)dBlock/(double)nMB;

6 HNHpopMannoHHbIe CIPABOYHbIE JOKYMEHTBI

[1] SMPTE 170M, "SMPTE Standard for Television — Composite Analog Video Signal — NTSC for
Studio Applications", Society of Motion Picture and Television Engineers.

[2] ITU-T Recommendation J.143 — User requirements for objective perceptual video quality
measurements in digital cable television.

IHpniaoxenune C

Mogaean C: MeToj ¢ HCIIOJIL30BAHHEM 3TAJOHHOI0 CUTHAJIA
C YMeHbIICHHOMH 110J10C0i 4acToT, padpadorannbiii NTIA

1 ba3oBas unopmanus

B mepuon 2003-2004 romo HammonanbHoe ympaBineHue mno cBsis3u u uHpopmammu CLIA (NTIA)
pa3paboTaio ABe MOJIENIN OLEHKH KayecTBa n300paxenus (VQM) ¢ nCHonbp30BaHUEM 3TATOHHOTO CUTHANA C
yMeHbIlleHHOW Tmosocorr  dactoT (RR), mnpubmmsurensHo 12-14 xOut/c, I TUCKPETH30BAHHOTO
n300paxkeHus1, cooTBeTcTBytoero Pekomenmaiimu MCDO-R BT.601 [1]. Dtu Mozienu moiydniv Ha3BaHUS
"yzkononocHas VQM" m "ckopoctHas y3komonocHas VQM". CkopoctHas y3komosocHas VQM
npeactaBisia coboit 3¢h(GEeKTHBHYI0O B BBEIYHCIATEILHOM OTHOIICHWH BEPCHIO Y3KOMOJIOCHOH VQM.
CxopoctHas y3komojocHas VQM mnpumepHO B 4eThIpe pa3a OBICTpee, MOCKOIBbKY OHa OCYIIECTBIISET
M3BJICYEHNE MPOCTPAHCTBEHHBIX CBOWCTB M3 BUIEOKAIPOB, KOTOPHIE 3apaHee yCPEAHEHBI, a HE U3BJICUECHHE
MIPOCTPAaHCTBEHHBIX CBOMCTB HemocpeACTBeHHO H3 Buacokanpo ITU-R BT.601. [lomonHuTensHas
9KOHOMHS BBIYHMCIIUTEILHBIX PECYPCOB B CIIydae CKOPOCTHOH y3komosiocHoi VQM nocruraercst Oarogapst
00paboTKEe BPEMEHHBIX CBOWCTB MH(OpManuu (T. €. ABMKEHHS) HA OCHOBAaHMH CIy4YalHOW IMOJIBBIOOPKH
MTUKCeNeH B KaHase IPKOCTH Y BMECTO HCIIOJIb30BaHUs BCeX MHKcenel Bo Beex Tpex Buaeokananax (Y, Cb u
Cr). O6e VQM Ha IpOTSHKEHUH HECKOJBKUX JIET BXOJIAT B COCTaB HAIIUX IMPOTPAMMHBIX HHCTPYMEHTOB
VQM u moryT 06e3 OrpaHH4YeHMH MPHUMEHATHCA KaK A KOMMEpPYECKHX, TaK I HEKOMMEpPYECKHX
NpWIOKEHUH. J[BOMUHBIE HCIONHSAEMBIE BEPCUH AITHX HHCTPyMEHTOB VQM U HX COOTBETCTBYIOIIHE
HACXOJIHBIE KOJBI TOCTYITHBI JJIs 3arpy3Kku [2].

ITockonpky NTIA HamepeBanoch MPEACTaBUTE KaK Y3KOMOIOCHYI0 VQM, Tak 1 CKOPOCTHYIO Y3KOIIOJIOCHYIO
VOQM Ha wucneitanuss TB C STaloOHHBIM CHUTHAJIOM C yMeHblIeHHOW mosioco vactoT (RRTV) nmns
HEe3aBUCUMOMW oueHKHu ['pynmoii skcneptoB no kadectBy Buaeocurraia (VQEG), NTIA mpencraBuio ux B
pa3IMIHBIX KAaTETOPUSX CKOPOCTH, HECMOTpS Ha WACHTHYHBIE TpeOoBammsa K ckopoctm RR. NTIA
npeacTaBuiIo y3kononocHyto VQM B kateropuu 256k, a ckopocTHyIo y3kononocHylo VQM — B kateropuu
80k, TIOCKONBKY OXXHIAIOCh, YTO TMOKa3aTeln pPaboTHl y3KomoimocHoit VQM OynyT BbIIie mokaszaTeneit
CKOpOCTHOH y3komosiocHo VQM. O6e VQM ucrnosib30Baiid anroput™ KanuOpoBku RR, mpencraBieHHbIN B
Pekomenmaniuu MCO-T J.244 [3]. s 3TOro ajropurMa KaauOpPOBKH TpeOyeTcs MpUMEpHO OT 22 10
24 x6ut/c mupuHbl noxocskl RR 11 moigy4eHus: oueHoK BpeMeHHOH 3a1epyKKH, TPOCTPAHCTBEHHOTO CIBUTA,
MIPOCTPAHCTBEHHOM rpajalvy, YCUICHUS U CIBUTA YPOBHSI.

WnTepecHsiit pe3yibrar oueHouHbIX ucnbeiTanuii VQEG RRTV [4] 3aximiouaeTcs B TOM, UTO MOKa3aTeNlU
PpaboThI CKOPOCTHOH y3KoMmonocHO# VQM mpeBBICHIN TOKa3aTean y3KomolocHOi VQM B UCHBITAHUU KaK
s gopmara 525, tak W 625 cTpok. DTO BBI3BIBAET HMHTEpPEC, TaK KaK O3HA4YaeT, 4YTO W3BIICUCHUE
IIPOCTPAHCTBEHHBIX CBOICTB M3 YCPEOHEHHBIX KagpoB J¢¢eKTHBHEE, YeM UX U3BJICUCHHE U3
HEYCpeIHEHHBIX KaapoB. Jlajnee mpeACcTOUT M3YUYHTh, CIIPABEIIUB JIX 3TOT PE3yNbTAT JJis APYTHX HaOOpOB
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naHHbIX. B Hactosmee Bpemss NTIA He BUOUT OCHOBaHWH CTaHIAPTU3UPOBATH 00€ MOJIENH, BBHIYy YEro B
HacTosimeM [IprToKeHnN ONMUCHIBAETCS TOIBKO CKOPOCTHAS y3KomoocHas VQM.

2 BBenenune

B mnacrosmem [lpumokeHWM TpPUBOAATCS ONMCAHWE W MAallWHHAS IporpaMMa JJii CKOPOCTHOU
y3komonocHoit VQM NTIA. CkopoctHas y3komonocHass VQM NTIA ucnonb3yer METONbI, aHaJOTHIHBIC
MetoqaM obmeit VQM NTIA, onucanue koTopoit comepkutcs kak B Pexomennaruu MCO-T J.144 [5], Tak
u B Pexomennanuu MCO-R BT.1683 [6]. CxopocTtHas y3komoiocHas VQM ucnons3yer cBoiictBa RR co
3HAYHUTETLHO MEHBINEH IMUPUHOW TIOJIOCH, YeM Hcmoib3yeMas B obmeir VQM NTIA, HO mporecc
U3BJICUCHUSI CBOWCTB W CpaBHEHHS aHAJIOTWYEH Juisi obeux. [yl MUCKPETH30BAaHHOTO W300pa)KeHUs,
cootBeTcTByIomEero Pexomenmammmu MCDO-R BT.601 [1], ckopocTtHas y3komonocHas VQM wucnonsiyer
cBoiictBa RR, myist koTopsix TpeOyercst npumepHo 12—14 kOWT/C MHUPUHBI MONOCH Tepeaadn. B HacTosmeM
[IpumokeHUN ONMMCHIBAETCSl TOJNBKO CKOPOCTHAs y3KomonocHass VQM, ITOCKONBKY €€ SBISIOIIHecs
JOTIOJHSAIOUIMMY aJITOPUTMBI KaTMOPOBKU € Y3KOH MOJIOCOH YacTOT MOApOOHO omucaHbl B PekomeHnaanuu
MCD-T J.244 [3]. BmecTe ¢ TeM Ui IOTHOTHI MallIMHHAA [IporpamMma B HacTosmeM [IpunoxeHnn BKIoyaeT
KaK CKOPOCTHYIO y3KOIMOJIOCHYI0 VQM, Tak U CBsSI3aHHBIC ¢ HEH alTOPUTMBI KATHOPOBKH C y3KOH MOJIOCOU
yactoT. MammHHAas MporpamMMa COAEPKHUT TakKe MpuMepbl (YHKIWH KBAHTOBaHHS MJISi CBOWCTB,
HCTIONB3YEMBIX MPU KaTHOPOBKE C Y3KOH MOI0COoi YacToT (3T (GYHKUUH KBAHTOBAHUS HE ABIISIOTCS YaCThIO
Pexomenmanmn MCO-T 1.244).

3 Onucanue CKOPOCTHO# y3KomoJocHoi VQM

3.1 00630p VOM

Omucanne VQM oXBaThIBAET TPU OCHOBHBIX O0JIACTH:

1) Y3KOTIOJIOCHBIE CBONCTBA, KOTOPBIE M3BICKAIOTCS U3 HCXOHOTO U 00pa0OTAHHOTO BHICOMOTOKOB;
2) napameTpsbl, SIBJSIFOIUECS PE3yJIbTATOM CPaBHEHHS UCXOJHBIX U 00paOOTaHHBIX IIOTOKOB CBOMCTB;
3) pacier VQM, B KOTOPOM COYETAIOTCS Pa3INIHBIC MapaMeTPhl, KaXIABIA M3 KOTOPBIX H3MEpPSeT

OTJICNIBHBIN aCIEKT KaueCcTBa N300paKeHUsI.

B ToMm 4TO KacaeTrcs TEXHHYECKHUX HO,E[pO6HOCTCI>'I, B HACTOAIIEM OIMMCAHWU HCIIOJIB3YHOTCA HMMCHOIHECA
CIIPaBOYHBIC JOKYMCHTHEI.

3.2 Onucanue cBOMCTB

3.2.1 OO030p cBolicTB

CkopoctHas y3komosiocHass VQM wucmonp3yeT TpH TUIA CBOMCTB: IIBETOBBIC, MPOCTPAHCTBEHHBIC U
BpeMeHHble. Kaxkioe W3 3THX CBOWCTB BBIPAKAET B KOJMYECTBEHHOM OTHOIIEHHH BOCIPHHUMAEMbIC
HUCKOXEHHUSI B COOTBeTCTBYyMOmel obnactu. Iloamporpamma "model fastlowbw features" B mpuBemenHOM
pUMepe NporpamMMmbl 00ECIIEYMBAET IMOJIHOE MATEMAaTHYECKOE OMHMCAHUE XaAPAKTEPUCTHK, UCIOJIb3yEMbIX
CKOPOCTHOH y3KomnosiocHoi VQM.

3.2.2 IIBeToBbI€e CBOIiCTBa

LiBeToBBIE CBOMCTBA — 3TO T€ kK€ CBOMCTBA fromrr coror, YTO M Hcmoab3yemble oomeir VQM NTIA. Dtu
cBoiicTBa ToApoOHO omwmckBatoTcs B llpmioxennu D.7.3 k Pexomenmammum MCDO-T J.144. CaoticTBa
[fconrEr coror 00ECTIEUNBAIOT ABYXMEPHOE BEKTOPHOE M3MEPEHUE KOJIMYECTBA MHPOPMALUU O HBETHOCTH IO
cunemMy u kpacHomy ugery (CB, CR) B kaxnoil S-T 3ome. Takum oOpasom, CBOMCTBA fcomer coror
qyBCTBUTENIbHBl K HCKaXEHHUIO LBeTa. CBOWCTBA fromer coror CKOPOCTHOH y3komonocHoii VQM NTIA
M3BJICKAIOTCA W3 MPOCTpaHCTBEHHO-BpeMeHHOH (S-T) 30HBI pasmepoM 30 BepTHUKATBHBIX JIMHAA Ha
30 ropusoHTaNBHBIX mHKcened Ha 1 ¢ Bpemenu (T. €. 30 x 30 X 1 ¢), B To BpeMs kak B obmerd VQM NTIA
HCIOJIB3YIOTCS pa3Mep 30HBI S-T 8 x 8 x 1 kanp.
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3.2.3 IIpocTpaHCTBeHHbIE CBOWCTBA

[IpocTpaHCTBEHHBIE CBOMCTBA — 3TO TE€ K€ CBOWCTBA fs;73 U fry;3, UTO U UCONb3yeMble oomeii VQM NTIA.
OtH cBoiicTBa moapobHo onuckiBatoTcs B Ipunoxennn D.7.2.2 x Pekomengaunn MCD-T J.144. CpoiicTBa
fsii3 W fuyi; obecriedynBalOT HW3MEpEHHE KOJIMYECTBA W YTIIOBOTO paClpeieleHHs] MPOCTPaHCTBEHHBIX
TPaIMEeHTOB B MPOCTPaHCTBEHHO-BpeMeHHurX (S-T) mom3onax m3obpakenunit B kaHajue spkocth (Y). Takum
00pa3oM, CBOMCTBA fg;3 U fiy73 YyBCTBUTENBHBI K IPOCTPAHCTBEHHBIM HCKAKEHUSIM, TAKUM KaK Pa3MbITOCTb
1 OJOKUpOBaHHUE.

CBoiicTtBa fg;3 M fyy;; ckopocTHOM y3komosocHOM VQM NTIA wu3BiekaroTcs W3 MPOCTPAHCTBEHHO-
BpeMeHHOU (S-T) 30HbI pazMepom 30 BepTHKATHHBIX JUHUA Ha 30 TOPU3OHTANBHBIX TUKCeNeH Ha 1 CeKyHIy
BpemeHn (T.e.30x30x1¢), torna kak B obmeii VQM NTIA wucnonesyercs pasmep 30HBI S-T
8 x 8 x 0,2 c. Hapsimy ¢ 3TuM 1151 5KOHOMHH BBIYHCICHUH M300pakeHHs 1 ¢ B KaHane spKocTH Y 3apaHee
YCPENHSIIOTCS TI0 BpEeMEHHM [0 TPUMEHEHHS IBYXMEPHBIX QWIBTPOB KOPPEKIHMH KOHTYpoB 13 X 13,
onucsiBaeMbIxX B [Ipunoxxennu D.7.2.1 k Pexomengarmu MCO-T J.144.

OnHa MOMONHHUTENBHOE MPOCTPAHCTBEHHOE CBOWCTBO HM3BJIEKACTCS M3 | ¢ MPENBAPUTENHLHO YCPETHEHHBIX
m3o0pakeHnid B kKaHaye ApKOCTH (Y). DTUM CBOHCTBOM SBJISCTCS cpeOHUli YPOBEHB SIPKOCTH KaXKIIOH 30HBI
S-T 30 x 30 x 1 ¢ (3mech 0003HAUAETCS Kak fyrqy). HazHaueHue CBOWCTBA fipqv — 00€CHEUHUTh (YHKIHIO
B3BEIIMBAHUS BOCIPUSATHUS YPOBHS SPKOCTH AJIs TIOTEPU MPOCTPAHCTBeHHOHN MHpopmarmu (SI), usmepsemoit
C TMOMOIIBIO CBOMCTB fgy73 | fiy73. DTO OMUCHIBACTCS B pasfielie, MOCBAIICHHOM OMHCAHHUIO MapaMeTPOB.

3.2.4 BpemenHsie cBoiicTBa

W3 HaOopa LBETOBBIX U MPOCTPAHCTBEHHBIX CBOWCTB, ONKMCAHHBIX BBIIIE, MOKHO HMOJIYYHUTh CYIIECTBEHHBIE
OLIEHKM BOCIIPMHHUMAaeMOro KadecTBa H300paxeHus. Bmecte ¢ TeM, mockoibkKy S-T 30HBI, U3 KOTOPBIX
W3BJICKAIOTCS 3TH CBOMCTBA, OXBATBHIBAIOT OOJIBIIOE YMCIO BHIACOKAAPOB (T. €. 1 ¢ BUACOKAAPOB), OHH, KAK
[IPaBUJIO, HEUYBCTBUTENIFHBI K KPATKUM BPEMEHHbIM HCKKEHHSIM M300paxkeHus. Takue MCKaXeHUS MOTYT
OBITH CIEICTBMEM IIyMa WIM OIIMOOK LU(POBON Iepemadu; M, HECMOTPS Ha KpPaTKOCTb, OHHM MOIYT
OKa3bIBaTh CYIIECTBEHHOE BIIMSHHE Ha BOCIPHHUMAEMOE KadyeCTBO HM300pakeHHs. Takum oOpazoMm, s
KOJIMYECTBEHHOTO BBIPAXEHHS BOCHPHUATHS BpPEMEHHuIX HCKAXKEHHH HCHoIb3yeTrcd cBOMCTBO RR,
OCHOBaHHOE Ha BpeMeHH. C MOMOIIBIO 3TOr0 CBOMCTBA M3MepsieTcs a0COMIOTHAsE BPEMEHHAS MH(pOpMaLHs
(ATI), unu nBUXKEHHE, B TUIOCKOCTH M300pakeHUs B KaHale APKOCTH Y M PaCCUMUTHIBAETCS CIIETYIOIIUM
oOpa3zom:

fazr =rms{rand S%|Y (1) =Y (t - 0.25)}.

Hua sddekTnBHOCTH BBIYHCIEHWH W3 Y TPOM3BOJIBHO Oepercs MOABBIOOpKA, copepikamias TOiIbko 5%
nmuKcene u3o0paxeHus (37ech mpenctaBieHHas (yHkuued rand35%). N3o0paxenue Y, Mo KOTOpOMY
clenmaHa MOIBBEIOOpKa B MOMeHT BpemeHu f— 0,2 ¢ BeUUTaeTcs U3 H300pakeHUs Y, MO0 KOTOpOMY
HUJICHTUIHBIM 00pa30oM clieaHa MOoABEI0OpKa B MOMEHT BPEMEHHU ¢, U CPEIHSS KBaJlpaTHIHAs OIMHOKa (7ms)
pesynbrata ucnonbdyercss kak Mepa ATI. HMcmoms3yst ycnoBHble 0003HaueHHs, TPHUBEICHHBIE B
[punoxxenun D.§ k Pexomenganmu MCO-T J.144, 310 Takke 0003HAYaeTCS CIETYOIIUM 00pa3oM:

Sy =Y _rand5%_ati0.2s_rms.

CBOICTBO fy7; YYBCTBUTEIBHO K BpPEMEHHHIM HCKakeHHsM. s nzobpaxkenus 30 kamp/c mepuon 0,2 c
MPENICTABISIOT 6 BUICOKAAPOB, TOTAA Kak s u3o0paxkeHus 25 kanp/c nepuoj 0,2 ¢ IpeAcTaBIsSOT COO0H
5 BumeokanpoB. Breramranume  w3o0pakeHWid, pasHeceHHbIX Ha (0,2c, [gemaeT 3TO  CBOWCTBO
HEUYBCTBUTEIHHBIM B PEKHME pealbHOro BpeMeHHW Juisi Bupeocuctem ¢opmara 30 kagp/c u 25 xazap/c
C YaCTOTOW KaJpOB HE MEHee 5 KaJp/c. ACIEKThI KauecTBa TaKUX BUACOCHUCTEM C HU3KOM 4acTOTOH KaJpoB,
KOTOpBIE SIBISIFOTCS OOIIMMH B MYJIbTHMEIUHHBIX MPHIOKEHHSIX, B JOCTATOYHOW Mepe OIMUCHIBAIOTCS
CBOMCTBAMU fsyi3, fuyizs M fcomer coror- PasHecenne Ha 0,2 ¢ Takke Oonee NPHOIMKEHO K IHMKOBOM
JMHAMHYECKOM PEaKI[UK 3PEHUsS YeJOBEKa M0 CPABHEHUIO C PA3IUUYCHUEM JIBYX M300pa)KCHHM, OTCTOSIIUX
JIPYT OT JpyTa BO BpEMEHH Ha OJIUH KaJp.
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Ha pucynke 27 npenctaBieH npuMep rpaduka CBOUCTBA fyry A1 BUACOCIEHBI UCTOUHHKA (CIUTOIIHAS CUHSS
TUHUSL) ¥ 00paboTaHHON BUAEOCHEHBI (MyHKTHPHAs KpacHas JHHUS) OT HU(POBOW BUACOCHCTEMBI CO
CIIy4aliHBIMU TTAKETHBIMH OITMOKaMH B KaHaje IUQpoBoii nepepaun. CiaydaifHpie omMOKN B 00pab0TaHHOM
HU300pKEHUU CO3MIAI0T 3yOIlbl B CBOMCTBE f47y. JI1sl mepenayn CBONCTBA fr; TpeOyeTcs upe3BbIUaiiHO Maas
ITUPHHA TTOJIOCHI, TIOCKOIBKY JIJISl 3TOTO HEOOXO0AUMBI JTHIb 30 BEIOOPOK B CEKYHAY B CITydae M300paKeHUS
30 kaap/c. [pyrue BuABl aITUTHBHOrO IymMa B 0OpaOOTAaHHOM W300paKCHWU, KOTOPBIH MOXET
MIPOU3BONTHCS AHAIOTOBOW BHJCOCUCTEMOMN, OyIyT OTOOpa)xarbCs Kak MOJIOKHUTeNbHBINH casur DC Bo
BpPEMEHHOH nuarpamMme OOpaOOTaHHOTO TIOTOKAa CBOMCTB OTHOCHTEIHFHO HMCXOJHOTO IIOTOKA CBOKCTB.
Cucrembl KOIMPOBAaHUS BUACOCUTHANA, YCTPAHAIONIUE IITyM, BBI30BYT OTpHLIaTeNbHbIH casur DC.

Jo u3BneueHHs mapaMeTpa CIydailHbIX OIIMOOK W3 TOTOKOB CBOMCTB f7;, NOKa3aHHBIX Ha pHUCYHKe 27,
IOJIE3HO YBEIMYWTH IHUPHUHY 3yOIOB ABIKEHUS (KpacHBIX 3yOIIOB Ha pUCYHKE 27). OT0 000CHOBBIBAETCS
TE€M, YTO KOPOTKHE 3yOIlbl MIBI)KEHHS OT CIIy9alHBIX OIMHOOK HE 00ecnednBaT aJeKBaTHOTO
MPeICTaBICHHUS BO3ACHCTBHS STHX TUIIOB OIIMOOK Ha Bocmpuatye. OIUH U3 METOAOB yBEIHMUEHHUS ILIUPUHBI
3yOIIOB JBIDKEHUS SIBIAETCA TPUMEHEHHE MAaKCUMalbHOTO (UibTpa Kak K HUCXOJAHOMY, TaK H K
00paboTaHHOMY IIOTOKY CBOWCTB 10 pacdyeTra (PYHKIIMH MapaMeTpa OMIMOOK MEXTy IByMs (opmamu
curHana. [{ns mapameTpa ommOOK Ha 6a3e f47; NCTONB30BANICS MAaKCUMAaIbHBIA (PUIBTP IUPUHON 7 MyHKTOB
(xoTopbIil 3mech oOo03Ha4YaeTcsi Kak (YHKUUS max7/pt), BeIpaOaTHIBAIOIIMA B KaKIOM Kagpe BBIXOAHYIO
BBIOOPKY, KOTOpast SBJISETCS MAaKCUMyMOM COOCTBEHHOW W TpeX ONMKAWIINX MPUMBIKAIOMINX BBIOOPOK C
K10 CTOPOHHI (T. €. IPEbIAYIINE U TIOCIEAYIOINE 110 BpEMEHHU BEIOOPKN).

PUCYHOK 27
IIpumep BpeMeHHOI HCTOPUM XapAKTePUCTHKU 7y
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3.2.5 KsaHTOBaHMe XapaKTepHCTHK

Hns cBOUCTB Yygan, fsi13, fruvis U fconer coror AOCTATOUHO KBAHTOBAHHUs 10 9 OMTOB TOYHOCTH, TOTAA Kak
CBOWCTBO fy7; cieayeT KBaHTOBaTh A0 10 OutoB. [lyis cBeleHHS K MHHHMYMY BO3ICHCTBHSI Ha PacyeThl
MapaMeTpoB KauyecTBa H300paKEHUS CIEAyeT WCMOJL30BaTh HEJIMHEHHBIN KBaHTOBaTelb, B KOTOPOM
MOTPENIHOCTh KBAaHTOBATENs TPOIMOPIIMOHATIbHA BEIMYMHE KBaHTyeMOro curHana. O4YeHb Maybie 3HAaYCHUS
O6I)I‘IHO KBAaHTUPYIOTCA O HCKOCTO MNPCACIbHOI0 3HAYCHUSA, HMKEC KOTOPOI'o ITIOJIC3Hasd I/IH(i)OpMaI_[I/ISI JJIsL
OIICHKH KauyecTBa OTCYTCTBYeT. TakoW BapWaHT KBAaHTOBATENs CBOJUT K MHHHMYMY MOTPEUIHOCTH B
COOTBETCTBYIOIINX pacueTax MmapaMeTpOB, IIOCKOJIBKY 3TH pacdeThl OOBIYHO 0a3upyroTcs Ha K03 duimenTe
OMMOOK HJIH JIOTApUPMHIECKOM OTHOIICHHH 0OpPabOTaHHOTO M MCXOIHOI'O MOTOKOB CBOWMCTB (CM. pasfed,
MTOCBSIICHHBIN ONMUCAHUIO TAPAMETPOB, HUXKE).

Ha pucynke 28 mpencrasineH rpaduk 9-OMTHOrO HEIMHEHHOrO KBAHTOBATENs, HCIIOJIB3YEMOTO s
HWCXOIHOTO CBOWCTBA fg3. Ilommporpamma "model lowbw compression” B mHpuBEeIEHHOM IIpUMeEpe
OporpaMMbl  00eCIeYyMBacT IOJHOE MAaTeMaTHYecKOe ONWCAaHWE PEKOMEHIYEMBIX KBaHTOBATeleH,
HCIIONB3YyEMBIX CKOPOCTHOM y3komonmocHod VQM. Ecnu cBoiicTBa BBIXOIAT 3a MpENENbl OXBaTa
PEKOMEHIyeMbIX KBaHTOBATEJEeH y HIDKHETO WJIM BEPXHEro mpezena (YTo KpaiHe MajloBEpOsATHO), TO S-T
rapaMeTpbl, U3BJICUEHHBIE U3 3TUX CBOWCTB, YCTAHABIMBAIOTCA PAaBHBIMU HYJIO M TO3TOMY HE BIHSAIOT Ha
VQM B uenom.

PUCYHOK 28
HesmmHeiinblii 9-0MTHBIH KBAHTU3ATOP ISl XaPAKTEPUCTHKH fg/13
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33 Onuncanue napaMeTpoB

3.3.1 Kparkuii 0630p napameTpoB

Pacyer mapameTpoB, XapakTepH3YIOIIUX pa3HYHbIE ACHEKThl BOCHPHUATHS KadecTBa H300paKeHHs,
MIpelyCMaTPUBAET PSI IIaroB, B TOM YHCIIE:

- MPUMCHCHUC IOPOra BOCHIPUATHA K CBOﬁCTBaM, HU3BJICUCHHBIM M3 Ka)KI[OfI S-T IIOA30HBI;

— pacueT GYHKIMH OIIMOOK MEXIY 00paOOTaHHBIMHM CBOWCTBAMH M COOTBETCTBYIOIIMMHU UCXOIHBIMU
CBOMCTBaMH;

- 00beTMHEHHUE MTOTYYSHHBIX OIUOOK 110 MPOCTPAHCTBY U BPEMEHHU.

B Ipunoxenun D.8 k Pexomennaiuu MCO-T J.144 conepxurcs moJpoOHOE OMUCAHUE 3TUX METOJIOB U
COOTBETCTBYIOIIAsi UM MaTeMaTHIeCKas 3alich Ha3BaHUU MapaMeTpOB, KOTOPBIE TakxKe OYAyT MPUMEHSAThCS
3nech. [logmporpamma "model fastlowbw_parameters" B mpuBeIeHHOM NMpUMEpe MPOrpaMMBbl 00eCTICUHBAET
MOJIHOE MaTEMaTHUYECKOE OIMUCAHHME MapaMeTPOB, MCIOIb3yeMBIX CKOPOCTHOW y3komojocHoi VQM. s
Lenel yIpouieHWs B OINMUCAaHWHM NapaMeTpOB B HACTOSIIEM pasjiele HE YYHTHIBAIOTCS MOCIEICTBUS
KBAaHTOBaHMUS CBOMCTB (HampuMmep, oOpaboTKa 3HAUYEHWN CBOHCTB, KOTOpPHIE MOTYT ITONAAaTh 3a TIPEICITBI
PEKOMEHTyEeMBIX JHaa30HOB KBAHTOBAHU).

3.3.2 HoBEIe MeTOaBI

B mHacrosmiem pasnene KpaTko H3JararoTcs HOBBIE METOIbI obOecrieueHHs Ooliee TOYHON KOppessuu
OOBEKTUBHBIX U CYOBEKTUBHBIX MapaMeTpoB Ha Oasze cBoiicTB RR ¢ oueHb ManbiMy 3HAYEHUSIMH LIMPHHEI
MIOJIOCHI TIEepelauu, TAaKUMH KaK MpHMEHseMble Al cKopocTHOU y3komonocHoi VQM NTIA (t. e. HOBbIE
MeTo/Ibl, He omnucanHbie B Pexomennmaiiuu MCO-T J.144). Cnenyer OTMETHTh, YTO HE OBUIO 00ECIICYCHO
ynyuiieHue 0a3oBoii ¢opmbl QyHKIMI omMOOK mapameTpoB, mpuBeAcHHOW B [lpunoxxenmn D.8.2.1 k
Pexomenmaniun MCO-T J.144. JIsymsa pyHKIUAME OMITHOOK, KOTOPBIE TIOCIEIOBATEILHO NAIOT HAWITYUIIHe
pe3ynmpTaThl MO TapamerpaM (IUIi TPOCTPAHCTBEHHBIX M BpPEMEHH&/X I1apaMeTpoOB), SBISIOTCA
norapupmudeckoe otHomenue {logl0 [£,(s,?) / fo(s,0)]} n xoadduuent ommubok {[f,(s,1) —f.(s,0)]/ fo(s,0)},
rae f,(s,t) 1 f,(s,f) — 00paboTaHHOE CBOMCTBO M COOTBETCTBYIOMIAs HCXOAHOE CBOMCTBO, U3BJICYEHHbIE U3 S-T
30HBI C TIPOCTPAHCTBEHHBIMH KOOPIWHATAMHU S U BPEMEHHbIMH KOOPIMHATAMH { COOTBETCTBEHHO. OMIMOKH
CleyeT MOoJpa3iesITh Ha YCHWJIEHHE U TOTEPH, MOCKOIbKY JIIOJM MO-pPa3HOMY pearupyroT Ha aJJUTHBHbBIE
(Hanpumep, OJIOYHOCTb) M CYOTpaKkTHUBHBIE (HampuMep, pa3MblBaHHE) HCKaxkeHUs. llpumenenwe Oonee
HHU3KOT'O ITOPOTa BOCIPHUATHS K CBOMCTBAM ISl MPUMEHEHHsSI 3TUX ABYX (DYHKIUI OMIMOOK JieNeHrne Ha HOJb
MIpeIoTBpaIaeT.

[Mocne pacuera S-T mapaMeTpoB ¢ HCIIOJIL30BAHUEM OAHON M3 (QYHKIMKA omuO0oK S-T mapamerpsl TOKHBI
OBITh OOBEIMHEHHI 0 MPOCTPAHCTBY W BPEMEHW JJIS TONYYEHHWs 3HAUYCHHUS NapameTpa BUAeOopparMeHrTa.
DT0 00bEIUHEHHUE OIMMNOOK MOXET MPOWCXOAWTHh HECKOJIBKHMH dTamamu (HarpuMep, 0 MPOCTPaHCTBY, a
3aTeM 1o BpemeHH). OIuH U3 HOBBIX METOJIOB OOBEAMHEHUS, UCIIOIB3YEMBIX B CKOPOCTHOHM Y3KOTIOJIOCHON
VQM HocuT Ha3BaHue 00beauHEHUs omnbok MakpooOmokamu (MB). Ilpu o0bequHeHHN OMIMOOK METOIOM
MB rpymmupyercs HECKONBKO CMeXHBIX S-T TMOA30H M K 3TOMY MHOXKECTBY IpHUMEHsAeTCs (PyHKIus
oObenuHeHMsT ommbOok. Hanpumep, ¢yHknus, obo3nauaemas kak "MB(3,3,2)max", OyaeT NpUMEHSTH
(YyHKIIMI0O Max K 3HAYCHHSIM IMapameTpoB u3 Kaxmou rpymmsl 18 S-T moason, ¢gopmar oObeauHeHUS
KOTOPBIX — 3 IO BEPTUKAIH, 3 10 TOPU3OHTAIHU U 2 BpeMmeHHsIX. J{nsa 32 x 32 x 1 ¢ S-T moa30H CBOHUCTB fy)3,
Juvis M fcorer coror, OMCaHHBIX BbIIe, Kaxkaas 3oHa MB(3,3,2) Oyner oxBaThIBaTh 4acTh BHAEOINOTOKA,
3aHUMAIoNEero 96 BepTUKAIbHBIX JUHUM Ha 96 rOPHU3OHTANBHBIX MHKCENeH Ha 2 CEeKyHIbl BpPEMEHH.
O0bennaenne ommnbok MB ObUIO MPU3HAHO TONE3HBIM JUIS OTCIIEKHWBAaHUS BO3JICHCTBUS HAa BOCHPHUSATHE
HCKXEHHI, JIOKAIM30BaHHBIX B MPOCTPAHCTBE M BpeMEHHU. Takue JIOKaIM30BaHHBIE MCKaKEHUS 3a4acTYIO
BIAMSIFOT Ha NpOIECC TNPUHATHS pelmeHuid o kadecTBe. OObeauHeHue ommOok MB MoxeT Takke
OCYIIECTBIIIThCS KaK MpoIiecc (GUIbTPAIMK, TPU KOTOPOM BMECTO MOJIYUYCHHUS SAMHOTO 3HAYCHHUS Ha BBIXO/IC
s kaxaoro MB xkaxperii S-T oOpaser; 3aMmeHsieTcss ero 3HadeHweM, (uibTpoBaHHEIM MB, tome MB
IIEHTpyeTCs Ha BEIOOpKe S-T. DT0 HOCUT Ha3BaHUE MEPEKPBIBAIOIIETOCS 00heanHEeHHS onnook MB (OMB).
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Bropem MeTooMm o0beinHeHHs OMUOOK sIBisieTcs: 00o0menHas cymma Munkosckoro (P,R), onpenensemas
KaK:

N
. . 1 P
Minkowski(P,R) =R N E |vi| .

i=1

3nechk Vv; MPENCTaBiseT 3HAYCHHS MapaMeTpoOB, KOTOpPbIE BKIIOYEHBI B CyMMy. Tak, 3Ta CyMMa MOXET
BKJIIOYATh BCE 3HAYCHHUS MMapaMeTpOB Ha JaHHBIH MOMEHT BpeMeHH (IIPOCTPaHCTBEHHOE 00BeIMHEHUE) U
e MOXKET MPUMEHSATHCS K MakpoOJioKaM, ormiucaHHbIM Bbie. CymMmMa MHHKOBCKOTO, I/ie CTeleHb P paBHa
KOPHIO R, MCIIONIh30BaJIaCh MHOTHMH pPa3pabOoTYMKaMH METPUK KadyecTBa M300paKeHMS IS 00beANHEHUS
omubok. OboOmeHHass cymma MHHKOBCKOTO, rie P # R, o0ecrieunBaeT JOTONHUTEIbHYIO THOKOCTh IS
JMHEeapu3allid PeakiMy OTACIbHBIX IapaMeTpOB HAa HW3MEHEHHS B BOCHPUHMMAEeMOM KadecTBe. OTO
HEOoOXOIMMBIi IIar nepes KOMOMHHPOBAaHHEM MHO)KECTBA ITAPAMETPOB B €JMHON OIIEHKE BOCTIPHHUMAEMOTO
KauecTBa U300paKeHUs, KOTOPOE OCYIIECTRIIACTCS METOAOM JIMHEHHOTO PUOINKCHUS.

3.3.3 IlapameTpsl HBeTA

W3 cBOUCTB fconrr coror N3BIEKAIOTCA Ba napaMerpa. OfUMH U3 3THX APAMETPOB, color_extreme, nu3MepsieT
MIpPENICbHBIC MCKKEHUS IIBETa, KOTOPBIE MOTYT BBI3BIBATHCS I[BETHBHIMH OJIOKaMH OT OINMOOK Iepenadw.
Hpyroit mapametp, color spread, naetr npencraBieHne O IUCIEPCHU WIH pa30poc ommOoK IBeTa. Bmecte
WCTIONB30BaHMS IBKJIIMIOBOW MEpHI PACCTOSHHUS ISl KOJNMYECTBEHHOTO BBIPAXEHHMS HCKaXXEHHH (Kak B
[punoxenun D.8.2.2 k Pexomenmaiun MCD-T J.144) oba 3TUX mnapaMeTpa HCIONB3YIOT KOPEHb
KBaJIPaTHBII W3 MaHXJTTEHCKOTO pAacCTOSHUS. B COOTBETCTBMM C MaTEeMaTHYECKOW 3amichio B
IMpunoxenun D.8.2.2 k Pexomennaumu MCO-T J.144, rae f,(s,t) u f,(s,f) NPeACTaBIsAIOT IBYXMEPHOE
CBOWCTBO fcomer coror, M3BIeYeHHOE M3 S-T 30HBI 00pabOOTAHHOTO M HCXOJHOTO BMIEONOTOKOB, 3Ta
(byHKIUS CpaBHEHHSI CBOMCTB BBIPAYKACTCS CICIYIOIIUM 00pa3oM:

sqrtmanhat(s,t)= | fp(s,t)—j_" (s,t)( .

. 0
Cp,Cp

MaHXA3TTeHCKasi Mepa PACCTOSIHUS TPEJICTABISICTCS Jy4Yllle SBKIUJAOBOM MEphI PacCTOSHUS, a (PyHKIHUS
KBaJ[paTHOTO KOpHS HeoOXoauma Ui JMHEeapu3allid peaklud MapamMerpa Ha HW3MCEHEHHUS KayecTBa.
CoriracHo Maremarndeckoit 3amucu B [Ipunoxkennu D.8 k Pexkomenmanmn MCO-T J.144, mapaMmeTpsl 11BeTa
BBIPAXKAIOTCS CICAYIOMIMM 00pa3oM:

color_extreme = color_coher color 30x30 1s mean sqrtmanhat OMB(3,3,2)above99% Minkowski(0.5,1)
color_spread = color _coher color 30x30 1s mean_ sqrtmanhat OMB(3,3,2)Minkowski(2,4) 90%.

3areM KOMOWHUPOBaHHBIN MapameTp 1BeTa (color comb), KOTOPBIA COAEPKUT ONTUMAIEHYI0 KOMOHHAITUIO
napaMeTpoB color_extreme u color_spread, pacCUNTBIBAaeTCS KaK:

color_comb =0.691686 * color_extreme —0.617958 * color_spread.

Jlanee 3TOT UMEIOIIUH MOJIOKUTEIILHOE 3HAYCHUE NapaMeTp color comb oTceKaeTcs Ha HYDKHEM KOHIIE, YTO
MaTEeMaTHYeCKH TPEACTaBIseTCS  ClenylommM obOpa3oMm  (cieqyss MaTreMaTHYeCcKOW  3ammcu B
[Tpunoxenuu D.8.5 k Pekomengaruun MCO-T J.144):

color_comb = color_comb clip 0.114.

OtoT mapameTp color_comb BKIIOUaeTCs B IMHEHHYI0 KOMOMHALMIO U1 pacuera VQM.
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3.3.4 IIpocTrpaHCcTBeHHBbIe IapaMeTPbI

I[To CBOWCTBY fs;3 PacCUMTHIBAIOTCS JIBa MPOCTPAHCTBEHHBIX IapaMeTpa: OJWH H3MEPSeT IOTEPIo
MIPOCTPaHCTBEeHHON nH(pOopManuu (si_loss), a Ipyrol U3MepseT YCUICHUE MPOCTPAHCTBEHHOW MH(OPMAIIUU
(si_gain). CornacHo Matemarudeckor 3amvicu B [Ipmmoxkenun D.§ k Pexomenmarmum MCO-T J.144, stn
TTapaMeTpPHI BRIPAXKAIOTCS CIEAYIOMNM 00pa3oM:

si_loss =avgls Y sil3 30x30 std 3 ratio _loss OMB(3,3,2)Minkowski(1,2) Minkowski(1.5,2.5) clip 0.12
si_gain=avgls Y sil3 30x30 std 3 log gain clip 0.1 above95%tail Minkowski(1.5,2).

[To mMepe yBenuuenus cpenHero ypoBHs sSpkocT (Y) S-T moa3oHbI (M3MEpSIeMOTro Ha OCHOBAaHHH CBOWMCTBA
fuE4v) YMEHBIIaETCSl CIIOCOOHOCTh BOCHPUHUMATh W3MEHEHHsI MPOCTPAHCTBEHHBIX JeTanel (Hampumep,
pPa3MBITHS, U3MEpseMOro si loss). DTO MOXXHO yd4ecTb, BBems (YHKIMIO B3BemmuBaHusA (Y weight), Kak
[OKa3aHO Ha PHUCYHKE 29, MpUMEHICMYI0 K 3HAYCHUsAM si [oss w3 Kaxkaod S-T moa3oHEI (T. €. 3HAYCHHI
si_loss mocne BeIMoNHEHUsT PyHKIMU cpaBHeHHs Kod(dummenTta morepu mo kaxmoit S-T moma3oHe, HO IO
(yHKIMA TPOCTPAHCTBEHHOTO W BPEMEHHOTO YIUIOTHeHMs). DyHKmws B3BemmBaHusA ) weight paBHa
equHUIlE (T. €. MOJHOE B3BEIIMBAHUC), TTIOKA HE JOCTUTACTCA CPETHUN ypOBEHb sipkocTu 175, a 3aTeM OHa
JUHEWHO yMEHbBINAeTCcs 0 HyJsl, TOIJIa KaK 3HAYCHUs SPKOCTH Bo3pactalor co 175 go 255. Dra
MIPOMEXKYTOUHAs] KOPPEKIHS MTPUMEHSIETCS TOJNBKO K 3HAYSHHSM si_[0ss, HO He K 3HAUEHUAM Si_gain.

PUCYHOK 29

®yukuus B3pemnBanus Y weight nns mopuduxanuu S-T napameTpos si_loss
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[lo CBOHCTBY fry;3 pacCUMTHIBAIOTCS JABa NPOCTPAHCTBEHHBIX IapaMeTpa: OIUH H3MepseT MOTeplo
OTHOCHTEIBHON TOopH3OHTaNbHOW W BeprukanbHOW (HV) wmubopmamum (Av _loss), a npyroit usmepser
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ycunenue (hv_gain). CornmacHo Maremartmdeckoi 3amucu B llpmnoxennn D.8 x Pexomenmanuun
MCD3-T J.144, 5Tu mapaMeTpsl BRIPAKAIOTCS CIEAYIOMINM 00pa3oM:

hv_loss =avgls Y hvl3 angle0.225 rmin20 30x30 mean 4 ratio loss ...
OMB(3,3,2)below1%_Minkowski(1,1.5) clip_0.08

hv_gain=avgls Y hvl3 angle0.225 rmin20 30x30 mean 4 log gain ...
clip 0.06 OMB(3,3,2)above99%tail Minkowski(1.5,3).

B mpuBeJCHHBIX BBINIC YpPaBHEHHSIX HE TMMOKa3aHo, 4To (GYHKIUS Y weight Ha pucyHke 29 TakKe
TIPUMEHSACTCS K 3HAYCHHSIM AV _[oss u hv_gain u3 Kaxaour S-T moma30HBI 10 QYHKIHN TPOCTPAHCTBEHHOTO U
BpPEMEHHOTO YIJIOTHEeHUs (Tociie pacyera ratio_loss u log_gain, coorBeTcTBeHHO). K 3HaueHusM hv_loss u3
Kaxaoi S-T MOJ30HBI MPUMEHSAETCS MOMONHUTENbHAS QYHKIMS B3BemuBanus (S weight, moka3aHHas Ha
pucynke 30). OTto He0oOXOmIWMO Ui CHIDKCHHS YyBCTBUTEIBHOCTH hv loss mns S-T 30H, KOTOpBIE
pacronaraloT BechbMa HEOONBIIMM O0OBEMOM MNPOCTPAHCTBEHHOW HH(pOpManuu (T. €. HU3KHE HCXOIHBIC
3HAYEHUS CBOMCTBA fgy3).

PUCYHOK 30

@ynkuusa B3pemnBanus SI_weight nns mopudukanun S-T napamerpos hy_loss

ight

SI wei

3HaueHue f,;
BT.1885-30

[TapameTpsl IPOCTPaHCTBEHHOTO HCKAXXEHHUSI MOTYT OBITH CHKaThI (T. €. Ype3MepHbIC BBIOPOCHI 3a IpeAeibl
KBAJIM(PUKALMOHHBIX JAaHHBIX OMPAaHMYMBAIOTCS WM COKUMAIOTCS) C MCHOJIb30BAaHMEM TakuX (DyHKIHH, Kak
¢dynkus cxatus VQM, npuBeaeHHas B pazjene pacyetoB VQM.

3.3.5 BpemeHHsle mapaMeTpBhI

[To cBOWCTBY f47;7 paACCUNTHIBAIOTCS JIBA BPEMEHHAIX MapaMeTpa: OJWH H3MepsieT T00aBICHHBIN cIydaliHbIH
mwyM (ati_noise), a ApYroil U3MepseT HapylleHHs ABMKCHHUs, BRI3BAaHHbIC OIIMOKaMu niepenadu (ati_error).
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CornacHo maremarnueckoi 3amucu B Ilpunoxkenun D.§ k Pexomenmanuu MCO-T J.144, 3tu nmapameTpsl
BBIPAXKAIOTCA CIETYIOIUM 00pa3oM:

ati_noise=Y rand5% ati0.2s rms_5 ratio_gain_between25%50%
ati_error =Y _rand5%_ ati0.2s rms max7pt 12 ratio gain above90%.

Jna ycuneHus yCTOWYMBOCTH NApaMeTpoB atfi noise W ati_error K BPEMEHHbIM pPACCOTIACOBaHUSM, 3TH
MapaMeTpsl PacCUUTHIBAIOTCS U BCEX BPEMEHHbIX COTIACOBAaHUI 00pabOTaHHOTO M300pa)KeHHs, KOTOPBIS
HaxoisaTcs B mpenenax 10,4 ¢ OT HAWIy4YIIero ONEHOYHOTO BPEMEHHOTO COTJIACOBAaHUS C HMCXOHBIM
n300pakeHNEM, a 3aTeM BBIOMpPAeTCcs MUHIMAaJIbHOE 3HAUEeHHE TTapaMeTpa.

34 Pacuer VQM

Amnanmornyno o6meit VQM NTIA B Ilpunoxxennn D x Pexomengammu MCO-T J.144, B pacuere CKOPOCTHOM
y3komnojiocHoir  VQM  nuHeWHBIM 00pa3oM  CcOdYeTAlOTCS JiBa IapaMeTrpa W3  CBOWCTBA  [fuyi3
(hv_loss u hv_gain), nBa mapameTpa U3 CBOWCTBA fg3 (Si_loss u si_gain) u ABa mapameTrpa W3 CBOWCTBa
fconEr coror (HO 3TH J1Ba mapaMeTpa oObEIMHEHBl B €UHBIH MapaMeTp MCKaKeHUs LBeTa color comb).
EnuHcTBEeHHBIH mapamMeTp IIyMa, Hcrosib3oBaBlmiics B obmeit VQM NTIA, Obul 3aMeHeH JAByMs
napamMeTpaMy Ha OCHOBE Y3KOITOJIOCHOTO CBOMCTBA f7;, ONMCHIBAEMOTO 37I€Ch (ati_noise u ati_error).

Takum o0Opazom, VQMg g (CokpamieHHOEe Ha3BaHHWE CKOPOCTHOW y3KomoJiocHOW VQM) cocTouT wu3
TUHEHHOW KOMOWHAIINY BOCKMU TTapaMeTpoB. VQME, g 3a1aeTCs Kak:

VQMg s = { 0,38317338378290 * hv_loss + 0,37313218013131 * hv_gain +
0,58033514546526 * si_loss +0,95845512360511 * si_gain +
1,07581708014998 * color comb +
0,17693274495002 * ati_noise + 0,02535903906351 * ati_error }.

Oo6mee 3HaueHneVQM (mocie cioxeHus BKJIAIOB BCEX IMapaMeTpoOB) OTcekaeTcs Ha HuxHeM mopore 0,0,
¢ TeM 4TOOBI He JOITyCTUTh OTpUIATeNbHBIX 3HaueHni VQM. B 3akmrodenue k 3HadeHnsM VQM Bemie 1,0
TIpuUMeHsAeTCsT (PYHKITUS CXKaTHs, KOTopas JOMycKaeT NpeBbImieHHe MakcumyM B 50%, ¢ TeM dTOOBI
OrpaHM4uTh 3HaueHuss VQM s 4pe3MepHO HCKKEHHOTO H300paKCHWs, BBIXOMAIICTO 32 MPEIEbl
KBaM()MKAIMOHHBIX JaHHBIX.

Ecmm VQMFLB> 1,0, TO VQMFLB = (1 + C)*VQMFLB / (C + VQMFLB)a Tae ¢c = 0,5

Paccunrannoe onmcaHHbIM BhIIe 00pa3zoM VQMEpr g OyAeT nMeTh 3Ha4eHHs OOJIbIIE UM PaBHbIE HYJIO IpU
HOMMHAJIBbHOM MaKCHMAaJbHOM 3Ha4€HUH, paBHOM enuHuIe. VQMr g HHOTIa MOKET MPEBBIIATh €IUHUILY
IIPU KpaliHe NCKAXKEHHBIX BUACOCLICHAX.

st yeunenust yctowauBocTH VQME g K IPOCTPAHCTBEHHBIM paccoriacoBaHusM, VQMEr g pacCUUTHIBACTCS
JUIS BCEX TPOCTPAHCTBEHHBIX COTJAcCOBaHUIl 00pabOTaHHOTO W300paKCHUs, HAXOJAIIUXCI B Ipeaenax
IUTFOC/MUHYC | TIMKCENb OT HAaWIy4IIer0 OIEHOYHOTO IPOCTPAHCTBEHHOTO COTJIACOBAHUSA C HMCXOTHBIM
BHJICO, a 3aTEM BBIOMpAeTCs] MUHUMAaNIbHOE 3HaueHue VQMEy p.
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5 IIpumep MalIMHHOW MPOrPAMMBI JIs1 PpeajJu3alii CKOPOCTHOI y3komoJiocHoii VQM

JaHHBIA TpUMep MAaUIMHHOW NpOrpaMMbl MpEACTaBIEH B IMOMOIIb MOJB30BATENsIM MAJsl HaIJeKalien
peanu3anuu CKOpOCTHOM y3komojocHod VQM. JIns mnpuMepa mnpuBelecHa MalIMHHAs MOporpaMma
MATLAB®, HO MOXXHO TPHUMEHSTEH JTIO00W TPOTpaMMHEIN KO, KOTOPBI BOCIIPOU3BOIUT ITPHBEACHHBIC
3Iech pe3ynpTaThl. B kaxknom mopapasgene pasmena S comepxurcss kon MATLAB mis  ¢yHkiowmy,
0003HAaYeHHONH B 3arojoOBKE paszzena (3a HCKIIOYCHHEM COAEp)KaHMs Mmonpasnena 5.1, OTChUIAIomEero K
(datimy monm wnHasBanmem "fastlowbw ref.m"). [Insa momydenums wH(OpMAIMM O TOM, KaK BBI3BaTh
MoJIIporpamMMy, cieayeT BbINONHUTHL fastlowbw ref 6e3 aprymenToB. [lamHas mnporpamma o0nagaeT
THOKOCTBIO AJIS1 IPUMEHEHHsT MOJIENIM Ha KOPOTKOM Buaeodparmente (5—15 c¢) B Gornee mpoaomKUTEN HON
BUJICOTIOCIIEAOBATEIbHOCTH (HAIpUMEp, B OJHOMHHYTHOM IOCIEAOBATEIBHOCTH). IJTO OCYLIECTBISIETCS
IyTEM C/IBUT'a KOPOTKOTO BHAEO(pparMeHTa Ha OJHY CEKyHJy M MOBTOPHOTO pacyeTa MOJAEIH JJISl KaXKI0ro
BPEMEHHOTO caBUra. JTa (QYyHKUUOHAIbHAas BO3MOXXHOCTh HIDKE HE TMOKa3aHa, HO KOMMEHTapuu B
IporpaMMe W BO3BpalieHHbIe apryMeHTHl oT "model fastlowbw parameters.m" OyayT OTHOCUTBCS K 3TOU
BO3MOXHOCTHU. JlaHHAs1 CKpbITas BO3MOXKHOCTh MOXKET OBITh IOJIE3HA ISl IPUMEHEHUS! CUCTEMbI KOHTPOJIS
KayecTBa U300pakeHHs B MPOIECCE IKCILTYaTalUH.

Bo Bpemss 00pabOTKM BEKTOPOB BHIOOPOYHOTO KOHTPOJNISA (BHACO(PPArMEHTHI) C TOMOIIBI0 MAIIWHHON
MIpOTpaMMBl  CKOPOCTHON y3komosiocHor VQM (dbyukmms "fastlowbw ref.m"), cosmarorcst TekCTOBBIC
(haiinbl, comepiKaliue pe3yabTaThl KATHOPOBKY U pacueToB Ha MOAENH. JJs cieayromero npuMepa BHI30BOB
¢ynkunit MATLAB, crnexyer monmyuyuts (ailiel BEIXOJHBIX JaHHBIX, aHAIOTHYHBIC NPUBEACHHBIM HHXKE
(BBHIy ciydalfHOTO XapakTepa HCHOJIb3YEMbIX CKOPOCTHOH y3KOmosocHO VQM mpoueccoB pe3ylbTaThl
MOTYT HEMHOTO OTJIMYAThCS OT MPECTABICHHBIX 3/1€Ch):

)

5.Reference
Code.doc
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Banmunanuonnsie ucnbitanuss VQEG  mis npoekta RRNR-TV Brmtouanu popmarsr 525-ctpok (NTSC) u
625-ctpok (PAL). B kaxaoM 3KCHEpUMEHTE HCIOJIb30BAIMCH 12 MOCIENOBATEIBHOCTEH HMCTOYHUKA U
156 o6paboTannsix BHAcomocienoBarenbHocTe (PVS). U3 stux 156 PVS 40 mocmemoBaTenbHOCTEH
cojJiepKanu OIIMOKU mepenayn, a 116 comepxaiud TOJIbKO OIMIMOKK KoaupoBaHus. B Ttabmumax 9 m 10
npuBeneibl RMSE u OR mgis PVS ¢ ommbkamu mepemaun. Cnemyer ormeruth, yTo RMSE m OR
PaCCUNTHIBATIUCH C UCTIOIB30BAHUEM JIMHUH PErpecCcud, MOMYYEHHBIX W3 BCEr0 MaccuBa JaHHBIX. Jpyrumu
CIIOBaMH, IJIMHUHM PErpecCHH paCCYUTHIBAINCH C WCIOJIB30BAaHMEM BCETO MAacCHBa MHaHHBIX. 3aTeM

Pex. MCJ-R BT.1885

JlonmosiHeHne

AHau3 olIMOOK neperavu

paccunteiBagrck RMSE 1 OR ans ommbok nepenaun ¢ nucnonb3oBanneM PVS ¢ ommbkamu nepenayu.

TABJINIIA 9

RMSE n OR pns Bamugannonusix ucnsiTannii RRNR-TV (dopmar 525 crpok).
TE: omun0ku nepeaayu

BCE CTE Be3s TE
®opmar 525
RMSE OR RMSE OR RMSE OR
Mopnens_A_15k 0,418 0,385 0,574 0,500 0,362 0,293
Mogens A 80k 0,423 0,378 0,582 0,475 0,366 0,293
Monens A 256k 0,424 0,378 0,584 0,475 0,367 0,293
Mognens_B_80k 0,598 0,667 0,768 0,650 0,544 0,586
Mopgens B 256k 0,587 0,647 0,763 0,600 0,530 0,578
Mognens_C_80k 0,465 0,513 0,557 0,550 0,440 0,405
Mopnens_C_256k 0,511 0,609 0,584 0,450 0,495 0,578
PSNR NTIA 0,556 0,571 0,549 0,500 0,568 0,491
TABJIMIA 10

RMSE n OR ps Bamuaannonusix ucnbiTanuii RRNR-TV (dopmat 625 crpok).
TE: omnoxu nepegaun

BCE CTE Bbe3 TE
dopmar 625
RMSE OR RMSE OR RMSE OR
Mopnens_A_15k 0,524 0,468 0,597 0,450 0,508 0,414
Mopgens A 80k 0,513 0,462 0,594 0,500 0,494 0,379
Mopgens A 256k 0,516 0,468 0,593 0,500 0,499 0,379
Mognens_B_80k 0,887 0,724 0,545 0,500 0,986 0,716
Mopgens B 256k 0,864 0,744 0,523 0,600 0,962 0,716
Mopgens C 80k 0,585 0,583 0,282 0,200 0,663 0,647
Mopnens_C_256k 0,657 0,590 0,292 0,175 0,747 0,638
PSNR_NTIA 0,605 0,564 0,338 0,250 0,678 0,517
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The purpose of this reference code is to assist the user with proper implementation of the Fast Low Bandwidth VQM.  While MATLAB® code is used for the reference code, any software code can be used that reproduces the results given here.  Each subsection in section 5 contains MATLAB code for the function named in the section header (e.g., save the contents of section 5.1 to a file called “fastlowbw_ref.m”).  Execute fastlowbw_ref with no arguments to receive help information on how to call the routine.  This code contains the flexibility of running the model on a short video clip (i.e., 5 to 15 seconds) within a larger video sequence (e.g., 1-minute sequence).  This is done by shifting the short video clip by one second and re-computing the model for each temporal shift.  While this functionality is not demonstrated below, comments within the code and returned arguments from “model_fastlowbw_parameters.m” will refer to this capability.  This hidden capability may be useful for implementing an in-service video quality monitoring system. 


When the sample test vectors (i.e., video clips) are processed with the Fast Low Bandwidth VQM reference code (function “fastlowbw_ref.m”), text files are produced that contain the calibration and model results.  For the following example MATLAB function calls, output files similar to those given below should be obtained (due to random processes used by the Fast Low Bandwidth VQM, results may vary slightly from those presented here):


fastlowbw_ref '''rrtv_flogar_original.yuv''' '''rrtv_flogar_hrc1.yuv''' '''QCIF30''' '''none'''


 “rrtv_flogar_hrc1.yuv_calibration.txt” file with results similar to this:


none


    0  Horizontal Shift


    0  Vertical Shift


    1  Valid Region Top


    1  Valid Region Left


  144  Valid Region Bottom


  176  Valid Region Right


1.000 Luminance Gain


0.000 Luminance Offset


 1000  Horizontal Scale


 1000  Vertical Scale


    0  Temporal Delay


“rrtv_flogar_hrc1.yuv_model.txt” file with results similar to this:


0.512650 fastlowbw


0.156115 hv_loss


0.072374 hv_gain


0.174293 si_loss


0.028922 si_gain


0.080944 color_comb


0.000000 noise


0.000002 error


0.000000 vshift


0.000000 hshift


fastlowbw_ref '''rrtv_flogar_original.yuv''' '''rrtv_flogar_hrc1.yuv''' '''QCIF30''' '''rrcal2'''


 “rrtv_flogar_hrc1.yuv_calibration.txt” file with results similar to this:


rrcal2


    0  Horizontal Shift


    0  Vertical Shift


    1  Valid Region Top


    1  Valid Region Left


  144  Valid Region Bottom


  176  Valid Region Right


0.998 Luminance Gain


0.539 Luminance Offset


 1000  Horizontal Scale


 1000  Vertical Scale


    1  Temporal Delay


1.005 Cb Gain


0.218 Cb Offset


0.968 Cr Gain


0.098 Cr Offset


 “rrtv_flogar_hrc1.yuv_model.txt” file with results similar to this:


0.507892 fastlowbw


0.151204 hv_loss


0.071144 hv_gain


0.178214 si_loss


0.028708 si_gain


0.078499 color_comb


0.000000 noise


0.000124 error


0.000000 vshift


0.000000 hshift


fastlowbw_ref '''f:\sg9_rrtv\rrtv_calmob_original.yuv''' '''f:\sg9_rrtv\rrtv_calmob_hrc2.yuv''' '''QCIF30''' '''rrcal2scale'''


“rrtv_calmob_hrc2.yuv_calibration.txt” file with results similar to this:


rrcal2scale


    0  Horizontal Shift


    0  Vertical Shift


    1  Valid Region Top


    1  Valid Region Left


  144  Valid Region Bottom


  176  Valid Region Right


0.998 Luminance Gain


-0.185 Luminance Offset


 1000  Horizontal Scale


 1000  Vertical Scale


    0  Temporal Delay


0.857 Cb Gain


-2.043 Cb Offset


0.868 Cr Gain


-2.727 Cr Offset


“rrtv_calmob_hrc2.yuv_model.txt” file with results similar to this:


0.291195 fastlowbw


0.051529 hv_loss


0.056814 hv_gain


0.084128 si_loss


0.004541 si_gain


0.092818 color_comb


0.000000 noise


0.001365 error


0.000000 vshift


0.000000 hshift


Function Listing

45.1 Function “fastlowbw_ref.m”



175.2 Function “adaptive_filter.m”



185.3 Function “adjust_requested_sroi.m”



205.4 Function “block_statistic.m”



225.5 Function “block_statistic_shift.m”



255.6 Function “default_sroi.m”



265.7 Function “dll_calib_video.m”



315.8 Function “dll_default_vr.m”



325.9 Function “dll_features.m”



335.10 Function “dll_lowbw_calib_initialize.m”



335.11 Function “dll_lowbw_calib_original.m”



345.12 Function “dll_lowbw_calib_processed.m”



345.13 Function “dll_lowbw_calib_quant.m”



345.14 Function “dll_lowbw_gain_v2_original.m”



345.15 Function “dll_lowbw_gain_v2_processed.m”



345.16 Function “dll_lowbw_gain_v2_quant.m”



345.17 Function “dll_lowbw_temporal.m”



345.18 Function “dll_lowbw_temporal_features.m”



345.19 Function “dll_lowbw_temporal_original.m”



345.20 Function “dll_lowbw_temporal_processed.m”



345.21 Function “dll_lowbw_temporal_quant.m”



345.22 Function “dll_model.m”



345.23 Function “dll_orig_valid_region.m”



345.24 Function “dll_proc_valid_region.m”



345.25 Function “dll_video.m”



345.26 Function “filter_ati_random.m”



345.27 Function “filter_si_hv_adapt.m”



345.28 Function “join_into_frames.m”



345.29 Function “max_filterw.m”



345.30 Function “model_fastlowbw_features.m”



345.31 Function “model_fastlowbw_features_shift.m”



345.32 Function “model_fastlowbw_parameters.m”



345.33 Function “model_lowbw_compression.m”



345.34 Function “model_lowbw_sroi.m”



345.35 Function “quantiz_fast.m”



345.36 Function “read_bigyuv.m”



345.37 Function “resample_image.m”



345.38 Function “running_collapse.m”



345.39 Function “split_into_fields.m”



345.40 Function “st_collapse.m”



345.41 Function “tslice_conversion.m”






Function “fastlowbw_ref.m”


function fastlowbw_ref (original_file, processed_file, file_type, calibration);

% wrapper for fastlowbw_ref.  This is not the typical MATLAB interface, but rather

% an alternate interface required for compilation.

% 1) call with no arguments for help information.

% 2) if running inside MATLAB, add three quotes (''') both before and after

% every argument. 

if nargin == 0,

    fprintf('FASTLOWBW_REF -- Version 1.0\n');

    fprintf('  Take original and processed test sequences in raw BIG-YUV \n');

    fprintf('  file format.  Calculate NTIA Fast Low Bandwidth model and calibration.\n');

    fprintf('  This is reference software.\n');

    fprintf('SYNTAX\n');

    fprintf('  fastlowbw_ref original_file processed_file video_standard calibration model\n');

    fprintf('DESCRIPTION\n');

    fprintf('  Takes the name of a UYVY formatted file (''original_file'') containing an\n');

    fprintf('  original video sequence and UYVY formatted file (''processed_file'') containing\n');

    fprintf('  a processed video sequence.  Both files must contain uncompressed video in\n');

    fprintf('  either the UYVY or RGB color space.\n');

    fprintf('  ''video_standard'' indicates the frame rate and video size:\n');

    fprintf('    ''525''          525-line, 30fps video (720 pixels by 486 rows), "NTSC"\n');

    fprintf('                   Interlaced fields, lower field presented earlier in time\n');

    fprintf('    ''625''          625-line, 25fps video (720 pixels by 576 rows), "PAL"\n');

    fprintf('                   Interlaced fields, upper field presented earlier in time\n');

    fprintf('    ''VGA30''        VGA (480 lines x 640 pixels), 30fps video, progressive.\n');

    fprintf('    ''VGA25''        VGA (480 lines x 640 pixels), 25fps video, progressive.\n');

    fprintf('    ''CIF30''        CIF (288 lines x 352 pixels), 30fps video, progressive.\n');

    fprintf('    ''CIF25''        CIF (288 lines x 352 pixels), 25fps video, progressive.\n');

    fprintf('    ''QCIF30''        CIF (144 lines x 176 pixels), 30fps video, progressive.\n');

    fprintf('    ''QCIF25''        CIF (144 lines x 176 pixels), 25fps video, progressive.\n');

    fprintf('  ''calibration'' indicates the calibration options desired, and must\n');

    fprintf('  be one of the following:\n');

    fprintf('    ''none''       No calibration will be performed.\n');

    fprintf('    ''rrcal2''      Reduced Reference Bandwidth Calibration Version 2.0 (J.Cal)\n');

    fprintf('    ''rrcal2scale'' Reduced Reference Bandwidth Calibration Version 2.0 (J.Cal),\n');

    fprintf('                  including estimation of spatial scaling\n');

    fprintf('EXAMPLE CALL:\n');

    fprintf('  fastlowbw_ref ''original.yuv'' ''processed.yuv'' ''525'' ''rrcal2''\n');

    fprintf('RESTRICTIONS:\n');

    fprintf('  If the video sequences (after calibration) are longer than 15 seconds, then\n');

    fprintf('  only the first 15 seconds will be used for model calculation\n');

    fprintf('  Temporal registration uncertainty will +/- 1 sec.\n');

    fprintf('NOTES:\n');

    fprintf('  These algorithms are unchanged from those previously released to the public\n');

    fprintf('  (i.e., CVQM, BVQM).  Source code and binary executables are available for\n');

    fprintf('  download at www.its.bldrdoc.gov  These algorithms can be freely used for\n');

    fprintf('  commercial and non-commercial applications.\n');

    return;

end

% NOTES FOR PROGRAMMERS:

% 

% 1. To modify the temporal delay search range, change variable "uncert"

% passed into function dll_lowbw_temporal.m

% 

% 2. To modify spatial shift and scaling search limits, change variables

% "max_shift_horiz", "max_shift_vert", "max_scale_horiz" and

% "max_scale_vert" at the beginning of function dll_lowbw_calib_processed.m

% and dll_lowbw_calib_original.m.  These values must be identical for both

% functions, and are currently set automatically based on image size.

% Choosing larger values may make the algorithm unstable. 

%

% 3. The original file is referred to by an ID of "1" throughout, and the 

% processed file is referred to by an ID of "2".  These are referred to

% within functions by the variable name "fn" (i.e., "F" for "file" and "N" for

% "number"). 

%

% 4. To separate into upstream and downstream parts, simply call each

% function requiring the original file ("1") into one piece, and the

% functions requiring the processed file ("2") into another piece.  This

% code presumes downstream monitoring or bi-directional communication. 

% Some of the functions require both processed video file and the original

% features and results from the previous steps. 

% 

% 5. If implementing a system that is entirely down-stream (i.e., no

% communication from processed to original), then the original will need to

% assume a valid region.  Discarding the overscan is recommended (see also

% dll_default_vr.m). 

%

% 6. The reduced reference calibration routines and model presented herein

% use some randomized processies.  As a result, the results of this program

% will differ slightly from one run to the next.  This variability can be

% prevented by initializeing the random number generator with a constant

% value.  This will aid debugging. 

%

% 7. When comparing results from this implementation to results from 

% BVQM, slight differences will be obverved.  These stem from the random

% number generator, yet also because BVQM performs filtering over the

% results from multiple video sequences.  The places where filtering should

% be performed is mentioned in comments, below. 

% strip off the extra single quotes '' for Windows compile, comment these

% eval lines out for Linux compile

original_file = eval(original_file); 

processed_file = eval(processed_file); 

file_type = eval(file_type);

calibration = eval(calibration); 

% create names for output files & temporary file

temporary_file = sprintf('%s_temp.txt', processed_file);

model_file = sprintf('%s_model.txt', processed_file);

calibration_file = sprintf('%s_calibration.txt', processed_file);

error_file = sprintf('%s_errors.txt', processed_file);

cvqm_error(error_file, 0);

if strcmpi(file_type, '525'),

    video_standard = 'interlace_lower_field_first';

    rows = 486;

    cols = 720;

    fps = 30;

elseif strcmpi(file_type, '625'),

    video_standard = 'interlace_upper_field_first';

    rows = 576;

    cols = 720;

    fps = 25;

elseif strcmpi(file_type, 'VGA30'),

    video_standard = 'progressive';

    rows = 480;

    cols = 640;

    fps = 30;

elseif strcmpi(file_type, 'VGA25'),

    video_standard = 'progressive';

    rows = 480;

    cols = 640;

    fps = 25;

elseif strcmpi(file_type, 'CIF30'),

    video_standard = 'progressive';

    rows = 288;

    cols = 352;

    fps = 30;

elseif strcmpi(file_type, 'CIF25'),

    video_standard = 'progressive';

    rows = 288;

    cols = 352;

    fps = 25;

elseif strcmpi(file_type, 'QCIF30'),

    video_standard = 'progressive';

    rows = 144;

    cols = 176;

    fps = 30;

elseif strcmpi(file_type, 'QCIF25'),

    video_standard = 'progressive';

    rows = 144;

    cols = 176;

    fps = 25;

else

    error('fastlowbw_ref called with an invalid string for ''video_standard''.  Aborting');

end

if strcmpi(calibration,'rrcal2') || strcmpi(calibration,'rrcal2scale') || strcmpi(calibration,'none'),

    % fine!

else

    cvqm_error(error_file, 1, 'Calibration request string not recognized.');

    return;

end

model = 'fastlowbw';

try

    % for debugging, you'll want to comment out this try/catch loop.

    % the following print is to remind you to re-insert the try/catch back.

    % fprintf('COMMENT IN TRY!\n\n');

    % initialize file read

    dll_video('initialize', 1, original_file, 'uyvy', video_standard, rows, cols, fps);

    dll_video('initialize', 2, processed_file, 'uyvy', video_standard, rows, cols, fps);

    dll_calib_video('initialize', 1);

    % calculate seconds of video to be used.

    [total_sec] = min( dll_video('total_sec',1), dll_video('total_sec',2) );

    if total_sec > 15,

        total_sec = 15;

        cvqm_error(error_file, 3, 'File is longer than 15 seconds.');

        cvqm_error(error_file, 3, 'Results will be calculated using first 15 seconds only.');

    end

    if total_sec < 4,

        cvqm_error(error_file, 3, 'Video files are too brief.  Aborting.');

        return;

    end

    warning off;

    delete(calibration_file);

    warning on;

    if strcmpi(calibration, 'none'),

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Use "no calibration" values

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        shift.horizontal = 0;

        shift.vertical = 0;

        pvr = dll_default_vr(1);

        y_gain = 1.0;

        y_offset = 0.0;

        scale.horizontal = 1000;

        scale.vertical = 1000;

        delay = 0;

        % We don't need to do anything with the calibration values (above), 

        % because these are the defaults set by dll_calib_video.m.  

        % write results.

        [sucess] = cvqm_save_calibration(calibration_file, calibration, ...

            shift, pvr, y_gain, y_offset, scale, delay); 

        if sucess == 0,

            cvqm_error(error_file, 1, 'Cannot open file to write calibration results.');

            return;

        end

    else

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Start Calibration

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Determine whether or not to estimate scaling.

        if strcmpi(calibration,'rrcal2'),

            no_scaling = 1;

        elseif strcmpi(calibration,'rrcal2scale'),

            no_scaling = 0;

        end

        total_sec = floor(total_sec);

        % Assume the default low bandwidth valid region as a starting point

        [vr] = dll_default_vr(1);

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Initial temporal registration

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % calcualte low bandwidth temporal registration features on the

        % original video sequence.

        [ti2_orig, ti10_orig, ymean_orig, orig_is_white_clip, orig_is_black_clip] = ...

            dll_lowbw_temporal_features(1, total_sec, vr);

        % Quantize the original temporal registration features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [ti2_index, ti10_index, y_index] = ...

            dll_lowbw_temporal_quant(1, ti2_orig, ti10_orig, ymean_orig);

        % Reverse: go from encoded variables back into quantized original features.

        [ti2_orig, ti10_orig, ymean_orig] = ...

            dll_lowbw_temporal_quant(0, ti2_index, ti10_index, y_index);

        % calculate low bandwidth temporal registration features on the

        % processed video sequence.

        [ti2_proc, ti10_proc, ymean_proc, proc_is_white_clip, proc_is_black_clip] = ...

            dll_lowbw_temporal_features(2, total_sec, vr);

        % Print errors and warnings.  Note white & black level clipping, if any

        if orig_is_white_clip,

            cvqm_error(error_file, 2, ...

                'White level clipping detected on original video sequence may cause VQM errors.');

        end

        if orig_is_black_clip,

            cvqm_error(error_file, 2,...

                'Black level clipping detected on original video sequence may cause VQM errors.');

        end

        if proc_is_white_clip,

            cvqm_error(error_file, 2, ...

                'White level clipping detected on processed video sequence may cause VQM errors.');

        end

        if proc_is_black_clip,

            cvqm_error(error_file, 2, ...

                'Black level clipping detected on processed video sequence may cause VQM errors.');

        end

        % Compute temporal registration, using original and processed features.

        % variable "uncert" is the uncertainty in seconds that should be

        % searched by this temporal registration algorithmm.

        uncert = 1;

        [delay, sucess, is_still] = ...

            dll_lowbw_temporal (1, ti2_orig, ti2_proc, ti10_orig, ti10_proc, ymean_orig, ...

            ymean_proc, uncert, 'field');

        if sucess == 0 && is_still,

            cvqm_error(error_file, 2, ...

                'Still or nearly still sequence; initial temporal registration cannot be computed.');

        elseif sucess == 0,

            cvqm_error(error_file, 2, 'Initial temporal registration algorithm failed.');

        end

        % note if re-framing is indicated

        if mod(delay,1) == 0.5,

            dll_calib_video('set_reframe',1);

            delay = delay - 0.5;

        end

        % re-calculate seconds of video to be used (may have changed)

        [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

        if total_sec > 15,

            total_sec = 15;

        end

        % apply the temporal registration to all future video read calls.

        dll_lowbw_temporal_original(1, delay);

        dll_lowbw_temporal_processed(2, delay);

        [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

        if total_sec > 15,

            total_sec = 15;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Spatial Shift and [optional] spatial scaling

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        [seed_state] = dll_lowbw_calib_initialize;

        % compute original features.

        [orig_pixels, orig_horiz_profile, orig_vert_profile] = ...

            dll_lowbw_calib_original(1, seed_state, total_sec);

        % Quantize the original spatial shift/scaling features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [index_horiz_profile, index_vert_profile] = ...

            dll_lowbw_calib_quant(1, orig_horiz_profile, orig_vert_profile);

        % Reverse: go from encoded variables back into quantized original features.

        [orig_horiz_profile, orig_vert_profile] = ...

            dll_lowbw_calib_quant(0, index_horiz_profile, index_vert_profile);

        % Compute processed features   

        [shift, scale,status] = ...

            dll_lowbw_calib_processed(2, seed_state, total_sec, orig_pixels, ...

            orig_horiz_profile, orig_vert_profile, no_scaling);

        % print errors and warnings.

        if status.scale && ~no_scaling,

            cvqm_error(error_file, 2, 'Actual spatial scaling may be beyond search limits.');

        end

        if status.shift,

            cvqm_error(error_file, 2, 'Actual spatial shift may be beyond search limits.');

        end

        if (strcmp(video_standard,'interlace_lower_field_first') || ...

                strcmp(video_standard,'interlace_upper_field_first')) && mod(shift.vertical,2),

            cvqm_error(error_file, 2, 'Processed video will be reframed.');

            cvqm_error(error_file, 2, 'Actual temporal delay is 0.5 frames greater than reported value.');

        end

        if abs(shift.horizontal) > 8 || abs(shift.vertical) > 5,

            cvqm_error(error_file, 2, 'Extreme spatial shift detected.');

        end

        if scale.vertical ~= 1000 || scale.horizontal ~= 1000,

            cvqm_error(error_file, 2, 'Video scaling detected; please examine other scenes.');

        end

        % Apply above estimates, to all future video read calls. 

        %

        % If 2+ video sequences are available for the same system, ideally the

        % spatial shift and spatial scaling values would be filtered across the 

        % results from all video sequences (e.g., sort horizontal shifts and use

        % the median horizontal shift for all video sequences).  This increases 

        % the shift and scaling estimation accuracy, and is particularly

        % important for scaling factors.

        %

        % Since this reference code uses one original/processed video 

        % sequence pair, this cannot be demonstrated.

        y_gain = 1.0;

        y_offset = 0.0;

        dll_calib_video('calibration', shift.horizontal, shift.vertical, vr, ...

            y_gain, y_offset, scale.horizontal, scale.vertical);

        % re-calculate seconds of video to be used (may have changed)

        [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

        if total_sec > 15,

            total_sec = 15;

        end

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Valid Video Estimation

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % calculate original video valid region.  This returns 4 integers, so

        % quantization is unnecessary.  

        [ovr] = dll_orig_valid_region;

        % calculate processed video valid region.

        [pvr] = dll_proc_valid_region(ovr);

        % print errors and warnings.

        if (pvr.bottom - pvr.top + 1) / rows < 0.55 || ...

                (pvr.right - pvr.left + 1) / cols < 0.80,

            cvqm_error(error_file, 2, 'Greatly reduced valid region detected.');

        end

        % Apply processed valid region estimate to all future video read calls.

        %

        % If 2+ systems will be compared, ideally the same valid region should

        % be used for that scene for all systems (PVSs).  Choose the smallest

        % valid region, and apply to all PVSs.  

        %

        % Since this reference code uses one original/processed video 

        % sequence pair, this cannot be demonstrated.

        dll_calib_video('calibration', shift.horizontal, shift.vertical, pvr, ...

            y_gain, y_offset, scale.horizontal, scale.vertical);

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Luminance, Cb and Cr gain and level offset estimation

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Calculate low bandwidth gain/offset features on the original video.

        [orig_y, orig_cb, orig_cr, yesno] = dll_lowbw_gain_v2_original(1, total_sec);

        % Quantize the original gain/offset features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [index_y, index_cb, index_cr] = dll_lowbw_gain_v2_quant(1, orig_y, orig_cb, orig_cr); % quantize

        % Reverse: go from encoded variables back into quantized original features.

        [orig_y, orig_cb, orig_cr] = dll_lowbw_gain_v2_quant(0, index_y, index_cb, index_cr); % reconstruct

        % calculate Y, Cb, and Cr gain and level offset from the original video

        % features and the processed video sequence file.

        [y_gain, y_offset, cb_gain, cb_offset, cr_gain, cr_offset, sucess] = ...

            dll_lowbw_gain_v2_processed(2, total_sec, orig_y, orig_cb, orig_cr, yesno);

        cvqm_error(error_file, 2, 'Color Gain & Offset estimated but not removed.');

        % print errors and warnings. 

        if y_gain < 0.9 || y_gain > 1.1,

            cvqm_error(error_file, 2, 'Extreme Luminance Gain detected.');

        end

        if y_offset < -20 || y_offset > 20,

            cvqm_error(error_file, 2, 'Extreme Luminance Offset detected.');

        end

        if sucess == 0,

            cvqm_error(error_file, 2, ...

                'Warning: algorithm used to estimate Luminance Gain & Offset may have failed.');

        end

        if sucess == -1,

            cvqm_error(error_file, 2, ...

                'Luminance gain & offset algorithm detected extreme values or failed; results discarded.');

        end

        if isnan(cb_gain),

            cvqm_error(error_file, 2, 'Warning: algorithm used to estimate Cb Gain & Offset failed.');

        end

        if isnan(cr_gain),

            cvqm_error(error_file, 2, 'Warning: algorithm used to estimate Cr Gain & Offset failed.');

        end

        % Apply the luminance gain & offset estimates to all future video read

        % calls.  Do NOT apply the Cb and Cr estimates -- these are considered

        % errors that the viewer may object to.  

        %

        % If 2+ video sequences are available for the same system, ideally the

        % luma gain and offset values would be filtered across the results from

        % all video sequences (e.g., sort values and use the median gain for

        % all video sequences).  This increases the luma gain/offset accuracy.

        %

        % Since this reference code uses one original/processed video 

        % sequence pair, this cannot be demonstrated.

        dll_calib_video('calibration', shift.horizontal, shift.vertical, pvr, ...

            y_gain, y_offset, scale.horizontal, scale.vertical);

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % Second temporal registration -- improved estimate

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % calcualte low bandwidth temporal registration features on the

        % original video sequence.

        [ti2_orig, ti10_orig, ymean_orig, orig_is_white_clip, orig_is_black_clip] = ...

            dll_lowbw_temporal_features(1, total_sec, pvr);

        % Quantize the original temporal registration features and encode.

        % Return variables are suitable for low bandwidth transmission 

        % (e.g., when saved to a *.mat file).  This save/load step is not 

        % demonstrated.

        [ti2_index, ti10_index, y_index] = ...

            dll_lowbw_temporal_quant(1, ti2_orig, ti10_orig, ymean_orig);

        % Reverse: go from encoded variables back into quantized original features.

        [ti2_orig, ti10_orig, ymean_orig] = ...

            dll_lowbw_temporal_quant(0, ti2_index, ti10_index, y_index);

        % calcualte low bandwidth temporal registration features on the

        % processed video sequence.

        [ti2_proc, ti10_proc, ymean_proc, proc_is_white_clip, orig_is_black_clip] = ...

            dll_lowbw_temporal_features(2, total_sec, pvr);

        % calculate temporal registration from the original and processed

        % features.

        uncert = 1;

        [delay2, sucess, is_still] = ...

            dll_lowbw_temporal (1, ti2_orig, ti2_proc, ti10_orig, ti10_proc, ymean_orig, ymean_proc, uncert);

        % print errors and warnings.

        if sucess == 0 && is_still,

            cvqm_error(error_file, 2, ...

                'Still or nearly still sequence; temporal registration cannot be computed.');

        elseif sucess == 0,

            cvqm_error(error_file, 2, 'Final temporal registration algorithm failed.');

        end

        % apply the improved delay estimate to all future video read calls.

        dll_lowbw_temporal_original(1, delay2);

        dll_lowbw_temporal_processed(2, delay2);

        % print errors and warnings. 

        if abs(delay+delay2) >= round(fps),

            cvqm_error(error_file, 2, 'Temporal mis-registration exceeds 1 second uncertainty limit.');

        end

        % write results.

        [sucess] = cvqm_save_calibration(calibration_file, calibration, shift, pvr, y_gain, ...

            y_offset, scale, delay+delay2, cb_gain, cb_offset, cr_gain, cr_offset); 

        if sucess == 0,

            cvqm_error(error_file, 1, 'Cannot open file to write lowbw calibration results.');

            return;

        end

    end

    % re-calculate seconds of video to be used (may have changed)

    [total_sec] = min( dll_calib_video('total_sec',1), dll_calib_video('total_sec',2) );

    if total_sec > 15,

        total_sec = 15;

    end

    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    % calculate FastLowBW model

    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    warning off;

    delete(model_file);

    warning on;

    % calculate features on the original video sequences, and save to file

    % "temporary_file"

    dll_features('Fast', 1, total_sec, temporary_file);

    % calculate features on the processed video sequence, and hold in

    % variable "proc_features"

    proc_features = dll_features('Fast', 2, total_sec);

    % Compute video quality metric, and return in variable "VQM"

    [vqm, pars, par_names] = dll_model('vqm',temporary_file, proc_features);

    % delete the temporary file with original features.

    delete(temporary_file);

    % Save model results to file.

    [sucess] = cvqm_save_model(model_file, model, vqm, pars, par_names);

catch

    cvqm_error(error_file, 1, lasterr);

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [sucess] = cvqm_save_calibration(file_name, calibration,...

    shift, pvr, y_gain, y_offset,scale, delay, cb_gain, cb_offset, cr_gain, cr_offset);

% [sucess] = cvqm_save_calibration(file_name, calibration, shift, pvr, y_gain, y_offset,scale, delay); 

%   % Open for writing 'file_name' & record type of calibration requested.

%   % 'sucess' is 1 if this function can write; 0 if fail to write.

%   % Record to file values produced by calibration 

% open file & remember pointer

fid = fopen(file_name,'w');

if fid <= 0,

    sucess = 0;

    return;

else

    sucess = 1;

end

% write out type of calibration performed.

fprintf(fid, '%s\r\n', calibration);

% write out calibration values

fprintf(fid,'%5d  Horizontal Shift\r\n', shift.horizontal);

fprintf(fid,'%5d  Vertical Shift\r\n', shift.vertical);

fprintf(fid,'%5d  Valid Region Top\r\n', pvr.top);

fprintf(fid,'%5d  Valid Region Left\r\n', pvr.left);

fprintf(fid,'%5d  Valid Region Bottom\r\n', pvr.bottom);

fprintf(fid,'%5d  Valid Region Right\r\n', pvr.right);

fprintf(fid,'%5.3f Luminance Gain\r\n', y_gain);

fprintf(fid,'%5.3f Luminance Offset\r\n', y_offset);

fprintf(fid,'%5d  Horizontal Scale\r\n', scale.horizontal);

fprintf(fid,'%5d  Vertical Scale\r\n', scale.vertical);

fprintf(fid,'%5d  Temporal Delay\r\n', delay);

if exist('cr_offset'),

    fprintf(fid,'\r\n%5.3f Cb Gain\r\n', cb_gain);

    fprintf(fid,'%5.3f Cb Offset\r\n', cb_offset);

    fprintf(fid,'%5.3f Cr Gain\r\n', cr_gain);

    fprintf(fid,'%5.3f Cr Offset\r\n', cr_offset);

end

fclose(fid);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [sucess, shift, pvr, y_gain, y_offset,scale, delay] = cvqm_load_calibration(file_name);

% [sucess, shift, pvr, y_gain, y_offset,scale, delay] = cvqm_save_calibration(file_name); 

%   % Open 'file_name' & read calibration values.

%   % 'sucess' is 2 if this function can read sucessfully; 0 if failed.

%   % 'sucess' is 1 if values look to be unreasonably extreme.

% open file & remember pointer

fid = fopen(file_name,'r');

if fid <= 0,

    sucess = 0;

    return;

end

sucess = 2;

% write out type of calibration performed.

fgets(fid);

% write out calibration values

shift.horizontal = fscanf(fid,'%d');

fgets(fid);

shift.vertical = fscanf(fid,'%d');

fgets(fid);

pvr.top = fscanf(fid,'%d');

fgets(fid);

pvr.left = fscanf(fid,'%d');

fgets(fid);

pvr.bottom = fscanf(fid,'%d');

fgets(fid);

pvr.right = fscanf(fid,'%d');

fgets(fid);

y_gain = fscanf(fid,'%f');

fgets(fid);

y_offset = fscanf(fid,'%f');

fgets(fid);

scale.horizontal = fscanf(fid,'%d');

fgets(fid);

scale.vertical = fscanf(fid,'%d');

fgets(fid);

delay = fscanf(fid,'%d');

fgets(fid);

fclose(fid);

% error check

if shift.horizontal < -50 || shift.horizontal > 50 || shift.vertical < -50 || shift.vertical > 50,

    % shift really unreasonable.

    status = 1;

end

[rows,cols,fps,durration] = dll_video('size', 1);

if pvr.top < 1 || pvr.left < 1 || pvr.bottom > rows || pvr.right > cols,

    % pvr really unreasonable

    status = 1;

end

if y_gain < 0.2 || y_gain > 3.0 || y_offset < -100 || y_offset > 100,

    % gain and/or offset really unreasonable

    status = 1;

end

if scale.horizontal < 500 || scale.horizontal > 2000 || scale.vertical < 500 || scale.vertical > 2000,

    % scale really unreasonable.

    status = 1;

end

delay_sec = delay / fps;

if abs(delay_sec) > durration/2,

    % delay is longer than half the file durration!  really unreasonable.

    status = 1;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function cvqm_error(file_name, code, message);

% cvqm_error(file_name, code, message); 

%   % Append an error message to file 'file_name'.

%   % each line should start with a number (in "code") and then contain

%   % message describing the problem or issue. 

%   % if code == 0, delete the previous file (if any) and ignore message.

%   % code=1    Data Input/Output invalid.  Operation impossible.

%   % code=2    Calibration values should be examined; a problem may exist.

%   % code=3    Fatal error

% open file & remember pointer

if code == 0,

    try

        warning off;

        delete(file_name);

        warning on;

    catch

    end

    return;

end

fid = fopen(file_name,'a');

fprintf(fid, '%d %s\r\n', code, message);

fclose(fid);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [sucess] = cvqm_save_model(file_name, model,vqm, pars, par_names);

% [sucess] = cvqm_save_model(file_name, model,vqm, pars, par_names); 

%   % Open for writing 'file_name' & record type of model requested.

%   % 'sucess' is 1 if this function can write; 0 if fail to write.

%   % Record to file values produced by model 

% open file & remember pointer

fid = fopen(file_name,'w');

if fid <= 0,

    sucess = 0;

    return;

else

    sucess = 1;

end

% write out type of model performed.

fprintf(fid, '%f %s\r\n', vqm, model);

% write out calibration values

for cnt=1:length(pars)

    fprintf(fid, '%f %s\r\n', pars(cnt), par_names{cnt});

end

fclose(fid);

Function “adaptive_filter.m”


function [filter_size, extra] = adaptive_filter (image_size);

% ADAPTIVE_FILTER

%   Given an image size, return adaptive filter size.

%   This function adapts the filter size of the spatial filters SI and HV

%   described in SPIE 1999 paper

% SYNTAX

%   [filter_size, extra] = adaptive_filter (image_size);

% DESCRIPTION

%   Given an image size (image_size.rows, image_size.cols), return the

%   optionimal SI & HV filter length ('filter_size') and the number of extra

%   pixels needed on all sides of the image ('extra').

%

%   Filter size adjusts automatically for the image size as follows:

%       QCIF, QSIF      SI5

%       CIF, SIF        SI9

%       VGA, 601, HDTV  SI13

% find adaptive filter size

if image_size.rows <= 216,

    filter_size = 5;

    extra = 2;

elseif image_size.rows <= 384,

    filter_size = 9;

    extra = 4;

else

    filter_size = 13;

    extra = 6;

end

Function “adjust_requested_sroi.m”


function [sroi,vert,horiz] = adjust_requested_sroi (struct, varargin)

% ADJUST_REQUESTED_SROI

%  Adjust the requested Spatial Region of Interest (SROI) as specified.

% SYNTAX

%  [sroi] = adjust_requested_sroi (struct)

%  [sroi] = adjust_requested_sroi (...,'PropertyName',PropertyValue,...);

%  [sroi,vert,horiz] = adjust_requested_sroi (...);

% DESCRIPTION

%  Given clip 'struct' (in the same format as GClips or Gsscqe), return the 

%  adjusted spatial region of interest ('sroi').  Return variable is a

%  structure, with four elements, 'roi.top', 'roi.left', 'roi.bottom',

%  and 'roi.right'.  NOTE: variable 'struct' uses only image_size and cvr.

%

%  'sroi',...       Requested spatial region of interest (SROI), overriding

%                   default values of SROI.  Must be followed by 4 values, 

%                   specifying the region of interest, in the order: top, 

%                   bottom, left, right.  SROI will be adjusted.  Default

%                   SROI given by function 'default_sroi'.

%  'hsize', value,  Horizontal size of S-T blocks.  SROI must evenly divide

%                   by this value, horizontally.

%  'vsize', value,  Vertically size of S-T blocks.  SROI must evenly divide

%                   by this value, vertizontally.

%  'extra', value,  This many valid pixels are required on all sides of the

%                   SROI, extra pixels for filtering.  Returned SROI will

%                   NOT include those extra pixels!

%  'yxextra', y, x, Number 'y' indicates the number of valid pixels required 

%                   on top and bottom sides of the SROI; number 'x' indicates

%                   the number of valid pixels required on the left and right

%                   of the SROI.  Returned SROI will NOT include those extra pixels!

%

%  Optional return arguments 'vert' and 'horiz' will, if present, be filled

%  with the number of abutting blocks that fit vertically and

%  horizontally within the SROI.

% REMARKS

%  The top-left coordinate will be odd, and the bottom-right coordinate

%  even.  Thus, an equal number of pixels will be used from both fields.

%

%  Functionality tested.

% read values from struct that can be over written by variable argument

% list.

roi = default_sroi(struct.image_size);

xextra = 0;

yextra = 0;

hsize = 1;

vsize = 1;

% parse variable argument list (property values)

cnt = 1;

while cnt <= nargin - 1,

    if strcmp(lower(varargin(cnt)),'sroi') == 1,

        roi.top = varargin{cnt+1};

        roi.left = varargin{cnt+2};

        roi.bottom = varargin{cnt+3};

        roi.right = varargin{cnt+4};

        whole_image = 0;

        cnt = cnt + 5;

    elseif strcmp(lower(varargin(cnt)),'hsize') == 1,

        hsize = varargin{cnt+1};

        cnt = cnt + 2;

    elseif strcmp(lower(varargin(cnt)),'vsize') == 1,

        vsize = varargin{cnt+1};

        cnt = cnt + 2;

    elseif strcmp(lower(varargin(cnt)),'extra') == 1,

        xextra = varargin{cnt+1};

        yextra = varargin{cnt+1};

        cnt = cnt + 2;

    elseif strcmp(lower(varargin(cnt)),'yxextra') == 1,

        yextra = varargin{cnt+1};

        xextra = varargin{cnt+2};

        cnt = cnt + 3;

    else

        error('Property value passed into adjust_requestetd_sroi not recognized');

    end

end

% set minimum argument values.

if hsize <= 0 | (hsize > 2 & mod(hsize,2)),

    error('hsize must be one, or a postive even number');

end

if vsize <= 0 | (vsize > 2 & mod(vsize,2)),

    error('vsize must be one, or a postive even number');

end

if xextra < 0 | yextra < 0,

    error('Number of extra pixels for filtering must be zero or positive');

end

% make sure are within CVR and have the extra pixels for filtering.

if roi.top < struct.cvr.top + yextra,

    roi.top = struct.cvr.top + yextra;

end

if roi.left < struct.cvr.left + xextra,

    roi.left = struct.cvr.left + xextra;

end

if roi.bottom > struct.cvr.bottom - yextra,

    roi.bottom = struct.cvr.bottom - yextra;

end

if roi.right > struct.cvr.right - xextra,

    roi.right = struct.cvr.right - xextra;

end

% % We agreed to remove this restriction on Dec 13, 2005.

% % make sure top-left coordinates are odd, and bottom-right even

% if mod(roi.top,2) == 0,

%     roi.top = roi.top + 1;

% end

% if mod(roi.left,2) == 0,

%     roi.left = roi.left + 1;

% end

% if mod(roi.bottom,2) ~= 0,

%     roi.bottom = roi.bottom - 1;

% end

% if mod(roi.right,2) ~= 0,

%     roi.right = roi.right - 1;

% end

% make sure region evenly divides by vsize & vsize.

while mod((roi.bottom - roi.top + 1),vsize),

    if roi.top < struct.image_size.rows - roi.bottom,

        roi.top = roi.top + 1;

    else

        roi.bottom = roi.bottom - 1;

    end

end

while mod((roi.right - roi.left + 1),hsize),

    if roi.left < struct.image_size.cols - roi.right,

        roi.left = roi.left + 1;

    else

        roi.right = roi.right - 1;

    end

end

sroi = roi;

vert = (sroi.bottom-sroi.top+1)/vsize;

horiz = (sroi.right-sroi.left+1)/hsize;

Function “block_statistic.m”


function [s1,s2,s3] = block_statistic(y,vsize,hsize,varargin)

% BLOCK_STATISTIC

%  Extract feature from each spatial-temporal (S-T) region, producing one number 

%  for each S-T block.  Takes a block of perceptually filtered images 

%  and produces features.  

% SYNTAX

%  [s1] = block_statistic(y,vsize,hsize,'Stat1');

%  [s1,s2] = block_statistic(y,vsize,hsize,'Stat1','Stat2');

%  [s1,s2,s3] = block_statistic(y,vsize,hsize,'Stat1','Stat2','Stat3');

% DEFINITION

%  [s1] = block_statistic(y,'Stat1'); divides time-slice of images 'y' into

%  abutting Spatial-Temporal (S-T) regions that contain 'vsize' pixels

%  vertically and 'hsize' pixels horizontally.  Then, statstic 'Stat1' is

%  computed over each S-T region, and the results are returned in 's1'.

%  When called with the names of two statistics, two statistics are 

%  computed and returned, and so forth.  Available statistics are:

%  'mean' ==> compute the mean over each S-T region.

%  'std' ==> compute the standard deviation over each S-T region.

%  'rms' ==> compute the RMS over each S-T region.

%  'fraction' ==> compute fraction of pixels that are greater than or

%                 equal to 1.0

% REMARKS

%  Functionality tested pretty well.

want_mean = 0;

want_std = 0;

want_rms = 0;

want_fraction = 0;

for cnt = 1:nargin-3,

    if strcmp(lower(varargin(cnt)),'mean'),

        want_mean = 1;

        want_mean_at = cnt;

    elseif strcmp(lower(varargin(cnt)),'std'),

        want_std = 1;

        want_std_at = cnt;

    elseif strcmp(lower(varargin(cnt)),'rms'),

        want_rms = 1;

        want_rms_at = cnt;

    elseif strcmp(lower(varargin(cnt)),'fraction'),

        want_fraction = 1;

        want_fraction_at = cnt;

    end

end

if want_mean + want_std + want_rms + want_fraction ~= nargin - 3,

    error('block_statistic ''Stat'' not recognized or repeated.');

end

% check block size request.

[row,col,time] = size(y);

if mod(row,vsize) ~= 0,

    error('vertical size of block must evenly divide the SROI.');

end

if mod(col,hsize) ~= 0,

    error('horizontal size of block must evenly divide the SROI.');

end

if want_mean | want_std,

    temp = sum(y,3);  % sum over time

    temp = sum( reshape(temp,vsize,row*col/vsize)); % sum block vertically

    temp = reshape(temp,row/vsize,col)';

    temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

    y_sum = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

end

if want_std | want_rms,

    temp = sum(y.^2,3);

    temp = sum(reshape(temp,vsize,row*col/vsize));

    temp = reshape(temp,row/vsize,col)';

    temp = sum(reshape(temp,hsize,row*col/(vsize*hsize)));

    y_square = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time);

end

if want_fraction,

    y(find(y >= 1.0)) = 1.0;

    y(find(y < 1.0)) = 0.0;

    temp = sum(y,3);  % sum over time

    temp = sum( reshape(temp,vsize,row*col/vsize)); % sum block vertically

    temp = reshape(temp,row/vsize,col)';

    temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

    y_fraction = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

end

if want_mean,

    switch want_mean_at,

        case 1,

            s1 = y_sum;

        case 2,

            s2 = y_sum;

        case 3,

            s3 = y_sum;

        otherwise

            error('Code defect')

    end

end

if want_std,

    y_std = sqrt( max(y_square - y_sum .^ 2,0));

    switch want_std_at,

        case 1,

            s1 = y_std;

        case 2,

            s2 = y_std;

        case 3,

            s3 = y_std;

        otherwise

            error('Code defect')

    end

end

if want_rms,

    y_rms = sqrt( y_square );

    switch want_rms_at,

        case 1,

            s1 = y_rms;

        case 2,

            s2 = y_rms;

        case 3,

            s3 = y_rms;

        otherwise

            error('Code defect')

    end

end

if want_fraction,

    switch want_fraction_at,

        case 1,

            s1 = y_fraction;

        case 2,

            s2 = y_fraction;

        case 3,

            s3 = y_fraction;

        otherwise

            error('Code defect')

    end

end

Function “block_statistic_shift.m”


function [data] = block_statistic_shift(y,vsize,hsize,varargin)

% BLOCK_STATISTIC_SHIFT

%  Extract feature from each spatial-temporal (S-T) region.  Produce one set 

%  of features for each of 9 shifts:  +/- 1 horizontally & vertically.

%  See also function block_statistic.

% SYNTAX

%  [data] = block_statistic_shift(y,vsize,hsize,'Stat1');

%  [data] = block_statistic_shift(y,vsize,hsize,'Stat1','Stat2');

%  [data] = block_statistic_shift(y,vsize,hsize,'Stat1','Stat2','Stat3');

% DEFINITION

%  [s1] = block_statistic_shift(y,'Stat1'); divides time-slice of images 'y' into

%  abutting Spatial-Temporal (S-T) regions that contain 'vsize' pixels

%  vertically and 'hsize' pixels horizontally.  'y' must contain an extra 1

%  pixels on all sides, to be used for shifts.  Statstic 'Stat1' is

%  computed over each S-T region, and the results are returned in 's1'.

%  When called with the names of two statistics, two statistics are 

%  computed and returned, and so forth.  Available statistics are:

%  'mean' ==> compute the mean over each S-T region, in data(:).mean

%  'std' ==> compute the standard deviation over each S-T region, in data(:).std.

%  'rms' ==> compute the RMS over each S-T region, in data(:).rms

%  'fraction' ==> compute fraction of pixels that are greater than or

%                 equal to 1.0, , in data(:).fraction

%  Return value 'data' is an array length 9, with one element for each

%  shift.

want_mean = 0;

want_std = 0;

want_rms = 0;

want_fraction = 0;

for cnt = 1:nargin-3,

    if strcmp(lower(varargin(cnt)),'mean'),

        want_mean = 1;

    elseif strcmp(lower(varargin(cnt)),'std'),

        want_std = 1;

    elseif strcmp(lower(varargin(cnt)),'rms'),

        want_rms = 1;

    elseif strcmp(lower(varargin(cnt)),'fraction'),

        want_fraction = 1;

    else

        error('block_statistic_shift ''Stat'' not recognized.');

    end

end

% check block size request.

[row,col,time] = size(y);

row = row - 2;

col = col - 2;

if mod(row,vsize) ~= 0,

    error('vertical size of block must evenly divide the SROI.');

end

if mod(col,hsize) ~= 0,

    error('horizontal size of block must evenly divide the SROI.');

end

if want_mean | want_std,

    tempT = sum(y,3);  % sum over time

    loop = 1;

    for cnt1=1:3,

        rng1=(cnt1+row-1);

        for cnt2=1:3,

            rng2=(cnt2+col-1);

            temp = sum( reshape(tempT(cnt1:rng1,cnt2:rng2),vsize,row*col/vsize)); % sum block vertically

            temp = reshape(temp,row/vsize,col)';

            temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

            data(loop).mean = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

            loop = loop + 1;

        end

    end

end

if want_std | want_rms,

    tempT = sum(y.^2,3);

    loop = 1;

    for cnt1=1:3,

        for cnt2=1:3,

            rng1=(cnt1+row-1);

            rng2=(cnt2+col-1);

            temp = sum(reshape(tempT(cnt1:rng1,cnt2:rng2),vsize,row*col/vsize));

            temp = reshape(temp,row/vsize,col)';

            temp = sum(reshape(temp,hsize,row*col/(vsize*hsize)));

            data(loop).rms = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time);

            loop = loop + 1;

        end

    end

end

if want_fraction,

    y(find(y >= 1.0)) = 1.0;

    y(find(y < 1.0)) = 0.0;

    tempT = sum(y,3);  % sum over time

    loop = 1;

    for cnt1=1:3,

        for cnt2=1:3,

            rng1=(cnt1+row-1);

            rng2=(cnt2+col-1);

            temp = sum( reshape(tempT(cnt1:rng1,cnt2:rng2),vsize,row*col/vsize)); % sum block vertically

            temp = reshape(temp,row/vsize,col)';

            temp = sum(reshape(temp,hsize,row*col/(vsize*hsize))); % sum block horizontally

            data(loop).fraction = reshape(temp,col/hsize,row/vsize)' ./ (hsize*vsize*time); % reshape

            loop = loop + 1;

        end

    end

end

if want_std,

    for loop=1:9,

        data(loop).std = sqrt( max(data(loop).rms - data(loop).mean .^ 2,0));

    end

end

if want_rms | want_std,

    for loop=1:9,

        data(loop).rms = sqrt( data(loop).rms );

    end

end

Function “default_sroi.m”


function [roi] = default_sroi (image_size)

% DEFAULT_SROI

%  Return the default spatial region of interest (SROI) for a given image

%  size.

% SYNTAX

%  [roi] = default_sroi (image_size)

% DESCRIPTION

%  [roi] = default_sroi (image_size); takes an image size structure with

%  two elements, 'image_size.rows' and 'image_size.cols', and returns the

%  default SROI for that image size, 'roi'.  The returned variable is also

%  a structure, with four elements, 'roi.top', 'roi.left', 'roi.bottom',

%  and 'roi.right'.

% REMARKS

%  If an image size is requested that does not NTSC / 525-line or PAL / 625-line,

%  then the default SROI encompasses the entire image.

%  

if (image_size.rows == 486 | image_size.rows == 480) & image_size.cols == 720,

    % NTSC / 525-line

    roi.top =    21;

    roi.left =   25;

    roi.bottom = 20+448;

    roi.right =  24+672;

elseif image_size.rows == 576 & image_size.cols == 720,

    % PAL / 625-line

    roi.top =    17;

    roi.left =   25;

    roi.bottom = 16+544;

    roi.right =  24+672;

elseif image_size.rows == 720 & image_size.cols == 1280, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

elseif image_size.rows == 1080 & image_size.cols == 1920, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

else

    roi.top = 1;

    roi.left = 1;

    roi.bottom = image_size.rows;

    roi.right = image_size.cols;

end

Function “dll_calib_video.m”


function [one,two,three,four] = dll_calib_video(control, fn, varargin);

% DLL_CALIB_VIDEO

%   This function implements calibrated video file read.  Understands

%   model's SROI.

% SYNTAX

%   [...] = dll_calib_video(control, ...);

%   [...] = dll_calib_video(control, fn, ...);

% DESCRIPTION

%   'fn' is either 1 for original, or 2 for processed (when required)

%   'control' is one of the following strings.  Additional parameters may

%   be required, as specified below:

%

% dll_calib_video('initialize', fn);

%           % initialize calibration.  dll_video(fn) must have been

%           % initialized on this computer, for either original or processed.

%

% [pvr] = dll_calib_video('pvr');

%           % get PVR.

%

% dll_calib_video('sroi', roi, extra);

%           % set Spatial Region of Interest required by model, 'extra' is

%           % the extra pixels needed on all sides for spatial filtering.

%

% dll_calib_video('max_roi');

%           % maximize SROI and PVR, given shifts.

%

% dll_calib_video('calibration', horiz, vert, pvr, gain, offset, horiz_stretch, vert_stretch);

%           % Set calibration values for processed video.  horiz & vert are 

%           % spatial registration; PVR is Destination valid region. 

%           % WARNING: if fn=1 and fn=2 calculated on two different

%           % computers, this call must be made on BOTH computers.

%

% [y,cb,cr] = dll_calib_video('sec', fn, durration);

%           % read [Y,Cb,Cr] images, 'durration' seconds, and calibrate.

%           % Return entire image, pixels outside of PVR replace with black.

%

% [y,cb,cr] = dll_calib_video('tslice', fn);

%           % read the next tslice of [Y,Cb,Cr] images, and calibrate!

%           % Return pixels within SROI, only.

%

% dll_calib_video('clear');  

%           % Clear calibration values.

%

% [y] = dll_calib_video('peek', fn, durration);  Get the Y

%               images without removing them from the buffer.  So, the next

%               call with 'sec' or 'tslice' will get these same frames.

%               Perform shift & scaling & valid region but NOT gain &

%               offset!

%

% dll_calib_video('luma', gain, offset);

%           % Set luminance gain & offset values for processed video.  

%           % WARNING: if fn=1 and fn=2 calculated on two different

%           % computers, this call must be made on BOTH computers.

%

% dll_calib_video('set_reframe', value);

%           % set reframe to yes (value=1) or no (values=0), ignoring

%           % spatial shift.  Next set of spatial shift will over-ride.

%

% value = dll_calib_video('get_reframe');

%           % get whether reframe.  yes (value=1) or no (values=0).

%

% value = dll_calib_video('total_sec', fn)

%           % return the total number of seconds of CALIBRATED video left

%           % in the file, after the current "read" point.

persistent CALIB;

if strcmp(control, 'initialize'),

    CALIB.do_reframe = 0;

    CALIB.do_calibration = 0;

    CALIB.horizontal = 0;

    CALIB.vertical = 0;

    CALIB.pvr = dll_default_vr(fn);

    CALIB.gain = 1.0;

    CALIB.offset = 0.0;

    CALIB.horiz_stretch = 1000;

    CALIB.vert_stretch = 1000;

    CALIB.sroi = [];

elseif strcmp(control,'set_reframe'),

    CALIB.do_reframe = fn;

    CALIB.do_calibration = 1;

elseif strcmp(control,'get_reframe'),

    one = CALIB.do_reframe;

elseif strcmp(control,'pvr'),

    if isfield(CALIB,'pvr'),

        [one] = CALIB.pvr;

    else

        error('PVR must be defined (default or actual) prior to model calculation');

    end

elseif strcmp(control,'print'),

    CALIB

    CALIB.sroi

    CALIB.pvr

elseif strcmp(control,'max_roi'),

    [rows,cols] = dll_video('size', 2);  

    CALIB.sroi.top = 1 - min(0, CALIB.vertical);

    CALIB.sroi.left = 1 - min(0, CALIB.horizontal);

    CALIB.sroi.bottom = rows - max(0, CALIB.vertical);

    CALIB.sroi.right = cols - max(0, CALIB.horizontal);

    CALIB.pvr = CALIB.sroi;

elseif strcmp(control,'sroi'),

    CALIB.sroi = fn;

    CALIB.sroi.top = CALIB.sroi.top - varargin{1};

    CALIB.sroi.left = CALIB.sroi.left - varargin{1};

    CALIB.sroi.bottom = CALIB.sroi.bottom + varargin{1};

    CALIB.sroi.right = CALIB.sroi.right + varargin{1};

elseif strcmp(control,'sec'),

    [one,two,three] = gciC_tslice(fn, CALIB, varargin{1});

elseif strcmp(control, 'tslice'),

    [one,two,three] = gciC_tslice(fn, CALIB);

    one = one(CALIB.sroi.top:CALIB.sroi.bottom, CALIB.sroi.left:CALIB.sroi.right,:);

    if length(two) > 0,

        two = two(CALIB.sroi.top:CALIB.sroi.bottom, CALIB.sroi.left:CALIB.sroi.right,:);

        three = three(CALIB.sroi.top:CALIB.sroi.bottom, CALIB.sroi.left:CALIB.sroi.right,:);

    end

elseif strcmp(control, 'calibration'),

    CALIB.do_calibration = 1;

    CALIB.horizontal = fn;

    CALIB.vertical = varargin{1};

    CALIB.pvr = varargin{2};

    CALIB.gain = varargin{3};

    CALIB.offset = varargin{4};

    CALIB.horiz_stretch = varargin{5};

    CALIB.vert_stretch = varargin{6};

    % get buffer image if needed for reframing

    CALIB.do_reframe = 0;

    if mod(abs(CALIB.vertical),2),

        if (dll_video('exist',2) && ~strcmp('progressive',dll_video('get_video_standard', 2))) | ...

                (dll_video('exist',2) && ~strcmp('progressive',dll_video('get_video_standard', 1))),

            CALIB.do_reframe = 1;

        end

    end

    % set default sroi

    CALIB.sroi = CALIB.pvr;

elseif strcmp(control, 'luma'),

    CALIB.gain = fn;

    CALIB.offset = varargin{1};

elseif strcmp(control, 'clear'),

    CALIB.do_calibration = 0;

elseif strcmp(control, 'peek'),

    [one] = gciC_tslice_yonly_nogain(fn, CALIB, varargin{1});

elseif strcmp(control, 'total_sec'),

    [one] = dll_video('total_sec',fn);

    if CALIB.do_reframe && fn == 2,  % processed only.

        one = one - 1 / dll_video('fps', fn); 

    end

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [y,cb,cr] = gciC_tslice(fn, CALIB, durration);

% get requested images.  Do calibration.  Keep & handle reframing buffer.

    % Get time-slice of images & do calibration.

    if fn == 2 & CALIB.do_calibration,

        if exist('durration', 'var'),

            [uy,ucb,ucr] = dll_video('sec', fn, CALIB.do_reframe, durration);

        else

            [uy,ucb,ucr] = dll_video('tslice', fn, CALIB.do_reframe);

        end

        y = do_calibration_on_tslice(fn, uy, CALIB.horizontal, CALIB.vertical, ...

            CALIB.pvr, CALIB.gain, CALIB.offset, CALIB.do_reframe, CALIB.horiz_stretch, ...

            CALIB.vert_stretch, 0);

        cb = do_calibration_on_tslice(fn, ucb, CALIB.horizontal, CALIB.vertical, ...

            CALIB.pvr, 1.0, 0.0, CALIB.do_reframe, CALIB.horiz_stretch, CALIB.vert_stretch, 1);

        cr = do_calibration_on_tslice(fn, ucr, CALIB.horizontal, CALIB.vertical, ...

            CALIB.pvr, 1.0, 0.0, CALIB.do_reframe, CALIB.horiz_stretch, CALIB.vert_stretch, 1);

    else

        % Get time-slice of images only (no calibration)

        if exist('durration', 'var'),

            [y,cb,cr] = dll_video('sec', fn, 0, durration);

        else

            [y,cb,cr] = dll_video('tslice', fn);

        end

    end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function c_image = do_calibration_on_tslice(fn, u_image, horizontal, vertical, pvr, ...

    gain, offset, do_reframe, horiz_stretch, vert_stretch, is_color);

if strcmp('interlace_lower_field_first',dll_video('get_video_standard',fn)),

    f1 = 2;

    f2 = 1;

elseif strcmp('interlace_upper_field_first', dll_video('get_video_standard',fn)),

    f1 = 1;

    f2 = 2;

elseif strcmp('progressive', dll_video('get_video_standard',fn)),

end

[rows,cols, frames] = size(u_image);

% do reframing & shift, if required

if do_reframe,

    % reshape the images

    u_image = reshape(u_image, 2,rows/2,cols,frames);

    c_image = u_image(:,:,:,2:frames);

%    c_image = zeros(2,rows/2,cols,frames-1);

    %

    if strcmp('interlace_lower_field_first',dll_video('get_video_standard',fn)),

        c_image(f2,1:rows/2,:,:) = u_image(f1,1:rows/2,:,2:frames);

        c_image(f1,1:rows/2-1,:,:) = u_image(f2,2:rows/2,:,1:(frames-1));

        vertical = vertical - 1;

    else % strcmp('interlace_upper_field_first',dll_video('get_video_standard',fn))

        c_image(f1,2:rows/2,:,:) = u_image(f2,1:((rows/2)-1),:,1:(frames-1));

        c_image(f2,1:rows/2,:,:) = u_image(f1,1:rows/2,:,2:frames);

        vertical = vertical + 1;

    end

    u_image = reshape(c_image, rows, cols, frames-1);

end

if horiz_stretch ~= 1000 || vert_stretch ~= 1000,

    [row,col,time] = size(u_image);

    if strcmp('progressive', dll_video('get_video_standard',fn)),

        for cnt = 1:time,

            if is_color,

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch, 'Fast');

            else

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch);

            end

        end

    else

        for cnt = 1:time,

            if is_color,

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch, 'Fast', 'Interlace');

            else

                u_image2(:,:,cnt) = resample_image(double(u_image(:,:,cnt)), ...

                    vert_stretch, horiz_stretch, 'Interlace');

            end

        end

    end

    u_image = u_image2;

    clear u_image2;

end

% undo shift.

c_image = circshift(u_image,[-vertical, -horizontal, 0]);

% undo gain & offset

if gain ~= 1.0 && offset ~= 0.0,

    c_image = double(c_image);

    c_image =  (c_image - offset) / gain;

end

% zero area voided by PVR

c_image(1:pvr.top-1,:) = 0;

c_image(pvr.bottom+1:rows,:) = 0;

c_image(:,1:pvr.left-1) = 0;

c_image(:,pvr.right+1:cols) = 0;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [y] = gciC_tslice_yonly_nogain(fn, CALIB, durration);

% get requested images.  Do calibration.  Keep & handle reframing buffer.

    % Get time-slice of images.

    [y] = dll_video('peek', fn, CALIB.do_reframe, durration);

    % Do calibration if appropriate.  Skip gain/offset.

    % perform in groups of 10 images, because this can be memory intensive.

    if fn == 2 && CALIB.do_calibration,

        [r,c,t]=size(y);

        y2 = zeros(r,c,t-CALIB.do_reframe,'single');

        for i=1:10:(t-CALIB.do_reframe),

            j=min(i+9,t-CALIB.do_reframe);

            y2(:,:,i:j) = do_calibration_on_tslice(fn, y(:,:,i:(j+CALIB.do_reframe)), ...

                CALIB.horizontal, CALIB.vertical, ...

                CALIB.pvr, 1.0, 0.0, CALIB.do_reframe, CALIB.horiz_stretch, CALIB.vert_stretch, 0);

        end

        y = y2;

        clear y2;

    end

Function “dll_default_vr.m”


function [roi] = dll_default_vr (fn)

% DLL_DEFAULT_VR

%  Return the default valid region for a given image size.

% SYNTAX

%  [roi] = dll_default_vr (fn)

% DESCRIPTION

%  This function takes fn, initialized in dll_video, and returns the default valid 

%  region for that image size, 'roi'.  The returned variable is also

%  a structure, with four elements, 'roi.top', 'roi.left', 'roi.bottom',

%  and 'roi.right'.

[image_size.rows,image_size.cols] = dll_video('size',fn);

if (image_size.rows == 486 | image_size.rows == 480) & image_size.cols == 720,

    % NTSC / 525-line

    roi.top =    19;

    roi.left =   23;

    roi.bottom = image_size.rows - 18;

    roi.right =  image_size.cols - 22;

elseif image_size.rows == 576 & image_size.cols == 720,

    % PAL / 625-line

    roi.top =    15;

    roi.left =   23;

    roi.bottom = image_size.rows - 14;

    roi.right =  image_size.cols - 22;

elseif image_size.rows == 720 & image_size.cols == 1280, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

elseif image_size.rows == 1080 & image_size.cols == 1920, 

    % initialize maximum valid region.

    roi.top = 7;

    roi.left = 17;

    roi.bottom = image_size.rows - 6;

    roi.right = image_size.cols - 16;

else

    roi.top = 1;

    roi.left = 1;

    roi.bottom = image_size.rows;

    roi.right = image_size.cols;

end

Function “dll_features.m”


function [features] = dll_features (model_name, fn, durration, compressed_file);

% DLL_FEATURES

%   Calculate features for a model.

% SYNTAX

%   [features] = dll_features(model_name, fn, durration);

%   [features] = dll_features(model_name, fn, durration, compressed_features_file);

% DESCRIPTION

%   Calculate original or processed features needed to calculate one model.

%   Function 'dll_video' must be initialized for (fn).  'model_name' is the

%   name of the model to be run: 

%       'Low'        Low-Bandwidth Model

%       'General'    NTIA General Model

%       'Developers' Developer's Model

%   'fn' is 1 for original and 2 for processed.  

%   'durration' is the durration of the video sequence for which the

%   features are to be calculated, in seconds (from 5 to 30 seconds)

%   'compressed_features_file' is the name of a file where the compressed

%   features should be written.  Currently, this option is only available

%   for fn=1 and model_name='Low' (low-bandwidth model, original features).

%

%   Return variable 'features' is a structure holding the uncompressed

%   feature data. 

%

warning off MATLAB:max:mixedSingleDoubleInputs

% initialize model.

[model_tslice_sec, model_planes] = dll_model('initialize', model_name, durration, fn);

dll_video('set_tslice', fn, model_tslice_sec);

% run tslices through features

if strcmp(model_planes, 'y'),

    ready_for_vqm = 0;

    while ~ready_for_vqm,

        [y] = dll_calib_video('tslice', fn);

        [ready_for_vqm] = dll_model('tslice', y);

    end

elseif strcmp(model_planes, 'ycbcr'),

    [fps] = dll_video('fps', fn);  

    ready_for_vqm = 0;

    while ~ready_for_vqm,

        [y, cb, cr] = dll_calib_video('tslice', fn);

        [ready_for_vqm] = dll_model('tslice', y, cb, cr, fps);

    end

end

% retrieve the features.

[features] = dll_model('get');

if (strcmp(model_name,'Low') | strcmp(model_name,'Fast')) & fn==1 & exist('compressed_file','var'),

    model_lowbw_compression ('compress', compressed_file, features.si_std, features.hv_ratio, ...

        features.y_mean, features.cb_mean, features.cr_mean, features.ati_rms );

end

Function “dll_lowbw_calib_initialize.m”


function [seed_state] = dll_lowbw_calib_initialize;

% DLL_LOWBW_CALIB_INITIALIZE

%   Initialize low bandwidth calibration.

% SYNTAX

%   [seed_state] = dll_lowbw_calib_initialize;

% DESCRIPTIONS

%   Initialize low bandwidth calibration.  The value returned by this

%   function ('seed_state') must be passed IDENTICALLY to 

%   dll_lowbw_calib_original and then dll_lowbw_calib_processed.  The next

%   time these two functions are again required (i.e., the next video 

%   sequence), this initialization function should be called again.

rand('seed',sum(100*clock));

seed_state = round(rand * 255);

seed_state = uint8(seed_state);

Function “dll_lowbw_calib_original.m”


function [orig_pixels, orig_horiz_profile, orig_vert_profile] = ...

    dll_lowbw_calib_original(fn, seed_state, num_sec)

% DLL_LOWBW_CALIB_ORIGINAL

%   Calcualte original features needed for low bandwidth calibration.

% SYNTAX

%  [orig_pixels, orig_horiz_profile, orig_vert_profile] = ...

%       fast_calibration(fn, seed_state, num_sec)

% DESCRIPTION

%  Calcualte original features needed for low bandwidth calibration:

%  estimate spatial registration and scaling registration for each processed 

%  clip.  Video clip must be temporally registered first.

%  'fn' is the file identifier from dll_video, which should always be fn=1.

%  'seed_state' is as returned by dll_lowbw_initialize, which should be

%  called anew each time this function is called.

%  'num_sec' is the number of seconds of video from file fn=1 that should

%  be used for calibration.  

%

%  Return values 'orig_pixels', 'orig_horiz_profile', and

%  'orig_vert_profile' are required by function dll_lowbw_calib_processed.

num_sec = floor(num_sec);

% set up constants.

max_scale = 100; % maximum scaling search, 10%

[rows,cols, fps] = dll_video('size', fn);

durration = floor( dll_video('total_frames',1) / fps );

if durration < num_sec,

    num_sec = durration;

end

if rows <= 216,

    max_shift_horiz = 4;  % maximum search in any direction, in # pixels

    max_shift_vert = 4;  

    max_scale_horiz = 60; % maximum scaling search, 

    max_scale_vert = 40;  

elseif rows <= 384,

    max_shift_horiz = 8;

    max_shift_vert = 8;

    max_scale_horiz = 60;  

    max_scale_vert = 40;  

else

    max_shift_horiz = 20;

    max_shift_vert = 20;

    max_scale_horiz = 100;  

    max_scale_vert = 60;  

end

% error checks & corrections

if mod(max_shift_horiz,2),

    max_shift_horiz = max_shift_horiz + 1;

end

if mod(max_shift_vert,2),

    max_shift_vert = max_shift_vert + 1;

end

% compute PVR and OROI given the above.

max_pixels_horiz = max_shift_horiz + (max_scale_horiz / 1000) * cols;

max_pixels_horiz = ceil(max_pixels_horiz);

max_pixels_horiz = max_pixels_horiz + mod(max_pixels_horiz,2);

max_pixels_vert = max_shift_vert + (max_scale_vert / 1000) * rows; 

max_pixels_vert = ceil(max_pixels_vert);

max_pixels_vert = max_pixels_vert + mod(max_pixels_vert,2);

[pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%       horizontal and vertical profiles AND

%       80% as many randomly subsampled pixels as there are profile pixels

%           - randomly distributed over all frames

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   shift processed +- 20 pixels/lines for NTSC (as specified else)

%   scale processed by +/- 10% for NTSC (as specified else)

%       rescale using nearest neighbor

%

%   When have final scale & shift, compute luminance gain & offset with

%   those pixels & profiles, too.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Choose the % of pixels to be used.

rows = oroi.bottom - oroi.top + 1;

cols = oroi.right - oroi.left + 1;

[list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, num_sec, max_pixels_horiz, max_pixels_vert);

% load frames

dll_video('set_rewind', fn);

for loop = 1:num_sec,

    y(:,:,loop) = dll_video('sec', fn, 0, 1.0/fps); % don't reframe

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

y = double(y);

% cut out OROI

orig = y(oroi.top:oroi.bottom, oroi.left:oroi.right, :);

% Compute original profiles.

[orig_horiz_profile, orig_vert_profile] = sas_profile_images(orig);

% reshape rows & columns into one dimension.

[rows,cols,time] = size(orig);

orig_y = reshape(orig, rows*cols*time,1);

clear orig;

%list of coordinates for profiles

list_horiz_profile = (1:cols) + max_pixels_horiz;

list_vert_profile = (1:rows) + max_pixels_vert;

% pick our original pixels

orig_pixels = orig_y(list_o);

% % % Limit precision on return variables

% % orig_pixels = char(orig_pixels);

% % orig_horiz_profile = uint16( round(orig_horiz_profile * 257));

% % orig_vert_profile = uint16( round(orig_vert_profile * 257));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr] = find_pvr_guess(rows, cols);

% return the best guess for pvr based only on image size.

% i.e., discard overscan.

% 'fchoice' is 1 for 'field' or 0 for 'frame' depending on which is desired.

if (rows == 486 | rows == 480 ) ...

        & cols == 720,

    pvr.top = 19;

    pvr.bottom = 486 - 18;

    pvr.left = 23;

    pvr.right = 720 - 22;

elseif rows == 576 & cols == 720,

    pvr.top = 15;

    pvr.bottom = 576 - 14;

    pvr.left = 23;

    pvr.right = 720 - 22;

else

    pvr.top = 1;

    pvr.bottom = rows;

    pvr.left = 1;

    pvr.right = cols;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

% Find best guess at PVR and OROI, given image size and

% size of maximum search ('max_pixels_horiz'), in pixels.

pvr = find_pvr_guess(rows, cols);

oroi.top = pvr.top + max_pixels_vert;

oroi.bottom = pvr.bottom - max_pixels_vert;

oroi.left = pvr.left + max_pixels_horiz;

oroi.right = pvr.right - max_pixels_horiz;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, time, max_pixels_horiz, max_pixels_vert);

% Choose 80% as many random points as profile points.

need = ceil(0.80 * (rows+cols)*time );

rand('state', double(seed_state));

list_row = round(rand(1,need) * (rows) + 0.5);

list_col = round(rand(1,need) * (cols) + 0.5);

list_time = round(rand(1,need) * (time) + 0.5);

% limit to range available.  'rand' is unlikely to exceed that range, but

% it is possible.

list_row = max( min(list_row,rows), 1);

list_col = max( min(list_col,cols), 1);

list_time = max( min(list_time,time), 1);

list_o = (list_time-1)*rows*cols + (list_col-1)*rows + list_row;

% change coordinates to be for processed, where there are more rows &

% columns.

list_row = list_row + max_pixels_vert;

list_col = list_col + max_pixels_horiz;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [horiz_profile, vert_profile] = sas_profile_images(y);

% Compute the horizontal profile for each frame (averaging each column).

% Put all such together into one giant image.

% Return that image in profile_image.

[rows,cols,time] = size(y);

horiz_profile = zeros(cols, time);

vert_profile = zeros(rows, time);

for cnt = 1:time,

    horiz_profile(:,cnt) = mean(y(:,:,cnt))';

    vert_profile(:,cnt) = mean(y(:,:,cnt), 2);

end

Function “dll_lowbw_calib_processed.m”


function [shift, scale, status] = ...

    dll_lowbw_calib_processed(fn, seed_state, num_sec, orig_pixels, ...

    orig_horiz_profile, orig_vert_profile, no_scaling);

% DLL_LOWBW_CALIB_PROCESSED

%   Calculate processed features and low bandwidth calibration.

% SYNTAX

%   [shift, scale, status] = ...

%       dll_lowbw_calib_processed(fn, seed_state, num_sec, orig_pixels, ...

%       orig_horiz_profile, orig_vert_profile, no_scaling);

% DESCRIPTION

%  Calcualte processed features needed for low bandwidth calibration, then

%  estimate spatial registration and scaling registration for each processed 

%  clip.  Video clip must be temporally registered first.

%  'fn' is the file identifier from dll_video, which should always be fn=2.

%  'seed_state' is as returned by dll_lowbw_initialize, which should be

%  called anew each time this function is called.

%  'num_sec' is the number of seconds of video from file fn=1 and 2 that should

%  be used for calibration.  

%  'orig_pixels','orig_horiz_profile', and 'orig_vert_profile' are results

%  from dll_lowbw_calib_original, for the original video (i.e., fn=1).

%   'no_scaling' is 1 to pre sume no spatial scaling,

%   'no_scaling' is 0 to calculate spatial scaling

% 

%   status.error of 1 indicates error,

%   status.scale of 1 indicates scale returned is equal to search limit,

%   status.shift of 1 indicates shift returned is equal to search limit,

num_sec = floor(num_sec);

% uncompress input arguments.

seed_state = double(seed_state);

% % orig_pixels = single(orig_pixels);

% % orig_horiz_profile = double( orig_horiz_profile ) / 257;

% % orig_vert_profile = double( orig_vert_profile ) / 257;

%

status.error = 1;

status.scale = 0;

status.shift = 0;

status.luminance = 0;

shift.horizontal = 0;

shift.vertical = 0;

scale.horizontal = 1000;

scale.vertical = 1000;

% try

    % set up constants.

    max_scale = 100; % maximum scaling search, 10%

    [rows,cols, fps] = dll_video('size', fn); 

    durration = floor( dll_calib_video('total_sec',2) );

    if durration < num_sec,

        num_sec = durration;

    end

    if rows <= 216,

        max_shift_horiz = 4;  % maximum search in any direction, in # pixels

        max_shift_vert = 4;  

        max_scale_horiz = 60; % maximum scaling search, 

        max_scale_vert = 40;  

    elseif rows <= 384,

        max_shift_horiz = 8;

        max_shift_vert = 8;

        max_scale_horiz = 60;  

        max_scale_vert = 40;  

    else

        max_shift_horiz = 20;

        max_shift_vert = 20;

        max_scale_horiz = 100;  

        max_scale_vert = 60;  

    end

    % error checks & corrections

    if mod(max_shift_horiz,2),

        max_shift_horiz = max_shift_horiz + 1;

    end

    if mod(max_shift_vert,2),

        max_shift_vert = max_shift_vert + 1;

    end

    % compute PVR and OROI given the above.

    max_pixels_horiz = max_shift_horiz + (max_scale_horiz / 1000) * cols;

    max_pixels_horiz = ceil(max_pixels_horiz);

    max_pixels_horiz = max_pixels_horiz + mod(max_pixels_horiz,2);

    max_pixels_vert = max_shift_vert + (max_scale_vert / 1000) * rows; 

    max_pixels_vert = ceil(max_pixels_vert);

    max_pixels_vert = max_pixels_vert + mod(max_pixels_vert,2);

    [pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

    % run the calibration algorithm

    [shift, scale, status] = sas_core_algorithm( ...

        num_sec, fps, max_shift_horiz, max_shift_vert, max_scale_horiz, ...

        max_scale_vert, max_pixels_horiz, max_pixels_vert, status, pvr, oroi, ...

        seed_state, orig_pixels, orig_horiz_profile, orig_vert_profile, no_scaling, fn);

    % check for results next to the search limit.

    if shift.horizontal == max_shift_horiz | shift.vertical == max_shift_vert,

        status.shift = status.shift + 1;

    end

    if abs(scale.horizontal - 1000) == max_scale_horiz | abs(scale.vertical - 1000) == max_scale_horiz,

        status.scale = status.scale + 1;

    end

    status.error = 0;

% catch

%     status.error = 1;

% end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%       horizontal and vertical profiles AND

%       80% as many randomly subsampled pixels as there are profile pixels

%           - randomly distributed over all frames

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   shift processed +- 20 pixels/lines for NTSC (as specified else)

%   scale processed by +/- 10% for NTSC (as specified else)

%       rescale using nearest neighbor

%

%   When have final scale & shift, compute luminance gain & offset with

%   those pixels & profiles, too.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_spatial, new_scale, status] = sas_core_algorithm( ...

    num_sec, fps, max_shift_horiz, max_shift_vert, max_scale_horiz, max_scale_vert, ...

    max_pixels_horiz, max_pixels_vert, status, pvr, oroi, ...

    seed_state, orig_pixels, orig_horiz_profile, orig_vert_profile, no_scaling, fn);

% Compute spatial registration for one clip of fields..

new_spatial.horizontal = 0;

new_spatial.vertical = 0;

new_scale.horizontal = 1000;

new_scale.vertical = 1000;

% Choose the % of pixels to be used.

rows = oroi.bottom - oroi.top + 1;

cols = oroi.right - oroi.left + 1;

[list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, num_sec, max_pixels_horiz, max_pixels_vert);

% load frames

dll_video('set_rewind', fn);

for loop = 1:num_sec,

    y(:,:,loop) = dll_calib_video('sec', fn, 1.0/fps); 

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

y = double(y);

% cut out PVR

proc = y(pvr.top:pvr.bottom, pvr.left:pvr.right, :);

% Compute processed profiles.

[proc_horiz_profile, proc_vert_profile] = sas_profile_images(proc);

% reshape rows & columns into one dimension.

[rowp,colp,timep] = size(proc);

proc_y = reshape(proc, rowp*colp*timep,1);

clear proc;

%list of coordinates for profiles

list_horiz_profile = (1:cols) + max_pixels_horiz;

list_vert_profile = (1:rows) + max_pixels_vert;

if no_scaling,

    max_scale_vert = 0;

    max_scale_horiz = 0;

end

length_of_list = length(list_o);

% random search.

loop = 1;

best_scale_horiz = 1000;

best_scale_vert = 1000;

best_shift_horiz = 0;

best_shift_vert = 0;

best_value = inf;

best_loop = -1;

values = zeros(2*max_scale_horiz+1,2*max_scale_vert+1,2*max_shift_horiz+1,2*max_shift_vert+1);

values(:,:,:,:) = NaN;

random_tries = 15000; % hope it needn't be that large!

loop = 0;

cnt_used = 0;

while loop <= random_tries,

    % randomly choose stretch, shift, and time.

    % for the first 10% of tries, do a flat random search over all possibilities.

    if loop < random_tries / 10,

        scale_horiz = round( -max_scale_horiz + (2 * max_scale_horiz + 1) * rand );

        scale_vert =  round( -max_scale_vert + (2 * max_scale_vert + 1) * rand );

        shift_horiz = round( -max_shift_horiz + (2 * max_shift_horiz + 1) * rand );

        shift_vert =  round( -max_shift_vert + (2 * max_shift_vert + 1) * rand );

    % weight more near best stretch/shift/time found so far.  

    else

        scale_horiz = best_scale_horiz + round( 2 * randn );

        scale_vert = best_scale_vert + round( 2 * randn );

        shift_horiz = best_shift_horiz + round( 2 * randn );

        shift_vert = best_shift_vert + round( 2 * randn );

    end

    if max_scale_horiz == 0,

        scale_horiz = 0;

    end

    if max_scale_vert == 0,

        scale_vert = 0;

    end

    % If this point is out of the legal range, choose again.

    if abs(scale_horiz) > max_scale_horiz | abs(scale_vert) > max_scale_vert | ...

            abs(shift_horiz) > max_shift_horiz | abs(shift_vert) > max_shift_vert,

        continue;

    end

    % check whether this stretch/shift/time has been computed already. 

    if ~isnan( values(scale_horiz + max_scale_horiz + 1, scale_vert + max_scale_vert + 1, ...

        shift_horiz + max_shift_horiz + 1, shift_vert + max_shift_vert + 1) ),

        loop = loop + 1;

        continue;

    end

    cnt_used = cnt_used + 1;

    % convert from chosen original coordinates (in smaller image) into

    % processed coordinates.  

    % First, scale.  The "-0.4" is because the resampling routine we are

    % training for his this factor.

    curr_list_row = list_row * 1000 / (scale_vert+1000) + (rowp/2 - (1000/(scale_vert+1000)) * rowp/2);

    curr_list_col = list_col * 1000 / (scale_horiz+1000) + (colp/2 - (1000/(scale_horiz+1000)) * colp/2);

    % Second, shift.  Round to nearest pixel (use floor of +0.5 for speed)

    curr_list_row = floor(curr_list_row + shift_vert + 0.5);

    curr_list_col = floor(curr_list_col + shift_horiz + 0.5);

    list_p = (list_time-1)*rowp*colp + (curr_list_col-1)*rowp + curr_list_row;

    % compute the difference value of the random pixels.

    pixel_list = orig_pixels - proc_y(list_p);

    % scale the profiles.

    curr_list_row = list_vert_profile * 1000 / ...

        (scale_vert+1000) + (rowp/2 - (1000/(scale_vert+1000)) * rowp/2);

    curr_list_col = list_horiz_profile * 1000 / ...

        (scale_horiz+1000) + (colp/2-(1000/(scale_horiz+1000)) * colp/2);

    % Second, shift the profiles.  Round to nearest pixel (use floor of +0.5 for speed)

    curr_list_row = floor(curr_list_row + shift_vert + 0.5);

    curr_list_col = floor(curr_list_col + shift_horiz + 0.5);

    % compute the difference value of the profiles.  Append that to random

    % pixels' differneces.

    vert_diff = orig_vert_profile - proc_vert_profile(curr_list_row,:);

    horiz_diff = orig_horiz_profile - proc_horiz_profile(curr_list_col,:);

    pixel_list = [ pixel_list; reshape(vert_diff,rows*num_sec,1); reshape(horiz_diff,cols*num_sec,1)];

    % Compute and record standard deviation of difference.

    curr_value = std(pixel_list);

    values(scale_horiz + max_scale_horiz + 1, scale_vert + max_scale_vert + 1, ...

        shift_horiz + max_shift_horiz + 1, shift_vert + max_shift_vert + 1) = curr_value;

    % keep track of the best one!

    % if find a tie, change to it if the scaling factor is closer to no

    % scaling & no shifting

    want = 0;

    if curr_value < best_value,

        want = 1;

    elseif curr_value == best_value,

        if abs(scale_horiz) <= abs(best_scale_horiz) & abs(scale_vert) <= abs(best_scale_vert) & ...

                abs(shift_horiz) <= abs(best_shift_horiz) & abs(shift_vert) <= abs(best_shift_vert),

            want = 1;

        end

    end

    if want,

        best_scale_horiz = scale_horiz;

        best_scale_vert = scale_vert;

        best_shift_horiz = shift_horiz;

        best_shift_vert = shift_vert;

        best_value = curr_value;

        best_loop = loop;

    end

    loop = loop + 1;

end

scale_horiz = best_scale_horiz;

scale_vert = best_scale_vert;

shift_horiz = best_shift_horiz;

shift_vert = best_shift_vert;

% send back all results.

new_spatial.horizontal = best_shift_horiz;

new_spatial.vertical = best_shift_vert;

new_scale.horizontal = best_scale_horiz+1000;

new_scale.vertical = best_scale_vert+1000;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr] = find_pvr_guess(rows, cols);

% return the best guess for pvr based only on image size.

% i.e., discard overscan.

% 'fchoice' is 1 for 'field' or 0 for 'frame' depending on which is desired.

if (rows == 486 | rows == 480 ) ...

        & cols == 720,

    pvr.top = 19;

    pvr.bottom = 486 - 18;

    pvr.left = 23;

    pvr.right = 720 - 22;

elseif rows == 576 & cols == 720,

    pvr.top = 15;

    pvr.bottom = 576 - 14;

    pvr.left = 23;

    pvr.right = 720 - 22;

else

    pvr.top = 1;

    pvr.bottom = rows;

    pvr.left = 1;

    pvr.right = cols;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [pvr, oroi] = find_pvr_oroi_guess(rows, cols, max_pixels_horiz, max_pixels_vert);

% Find best guess at PVR and OROI, given image size and

% size of maximum search ('max_pixels_horiz'), in pixels.

pvr = find_pvr_guess(rows, cols);

oroi.top = pvr.top + max_pixels_vert;

oroi.bottom = pvr.bottom - max_pixels_vert;

oroi.left = pvr.left + max_pixels_horiz;

oroi.right = pvr.right - max_pixels_horiz;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [list_row, list_col, list_time, list_o] = ...

    sas_choose_pixels (seed_state, rows, cols, time, max_pixels_horiz, max_pixels_vert);

% Choose 80% as many random points as profile points.

need = ceil(0.80 * (rows+cols)*time );

rand('state', seed_state);

list_row = round(rand(1,need) * (rows) + 0.5);

list_col = round(rand(1,need) * (cols) + 0.5);

list_time = round(rand(1,need) * (time) + 0.5);

% limit to range available.  'rand' is unlikely to exceed that range, but

% it is possible.

list_row = max( min(list_row,rows), 1);

list_col = max( min(list_col,cols), 1);

list_time = max( min(list_time,time), 1);

list_o = (list_time-1)*rows*cols + (list_col-1)*rows + list_row;

% change coordinates to be for processed, where there are more rows &

% columns.

list_row = list_row + max_pixels_vert;

list_col = list_col + max_pixels_horiz;

%%%%%%%%%%%

function [horiz_profile, vert_profile] = sas_profile_images(y);

% Compute the horizontal profile for each frame (averaging each column).

% Put all such together into one giant image.

% Return that image in profile_image.

[rows,cols,time] = size(y);

horiz_profile = zeros(cols, time);

vert_profile = zeros(rows, time);

for cnt = 1:time,

    horiz_profile(:,cnt) = mean(y(:,:,cnt))';

    vert_profile(:,cnt) = mean(y(:,:,cnt), 2);

end

Function “dll_lowbw_calib_quant.m”


function [orig_horiz_profile_out, orig_vert_profile_out] = ...

    dll_lowbw_calib_quant(is_quantize, orig_horiz_profile_in, orig_vert_profile_in)

% DLL_LOWBW_CALIB_QUANT

%   Quantize & reconstruct original features for low bandwidth spatial

%   registration.

% SYNTAX

%   [orig_horiz_profile, orig_vert_profile] = ...

%       dll_lowbw_calib_quant(is_quantize, orig_horiz_profile, orig_vert_profile);

% DESCRIPTION

%   'is_quantize' is 1 for quantize, 0 to reconstruct.

%   Other two paramters are profile sfrom dll_lowbw_calib_original.m (when quantizing) 

%   and indexes from previous call (when reconstructing).

%

% Note: original pixels do not need to be quantized.

%

% Example call to quantize:

%   [index_horiz_profile, index_vert_profile] =

%       dll_lowbw_calib_quant(1, orig_horiz_profile, orig_vert_profile);

% Example call to reconstruct:

%   [orig_horiz_profile, orig_vert_profile] =

%       dll_lowbw_calib_quant(0, index_horiz_profile, index_vert_profile);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%  Define the quantizers for the two spatial registration features.

%  These designs are for 10 bit linear quantizers.

%  profile feature

start = 0.0;  % first code

last = 255.0;  % 252 is the maximum observed in the training data

high_codes = 2^16;  % number of codes for 16-bit quantizer

code_profile = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_profile_size = size(code_profile,2);

part_profile = (code_profile(2:code_profile_size)+code_profile(1:code_profile_size-1))/2;

if is_quantize,

    %  Quantize original features

    [row,col] = size(orig_horiz_profile_in);

    [orig_horiz_profile_out] = quantiz_fast(reshape(orig_horiz_profile_in,1,row*col),part_profile);

    orig_horiz_profile_out = reshape(orig_horiz_profile_out,row,col);

    [row,col] = size(orig_vert_profile_in);

    [orig_vert_profile_out] = quantiz_fast(reshape(orig_vert_profile_in,1,row*col),part_profile);

    orig_vert_profile_out = reshape(orig_vert_profile_out,row,col);

else

    %  Undo the quantization

    [row,col] = size(orig_horiz_profile_in);

    orig_horiz_profile_out = code_profile(1+orig_horiz_profile_in);

    orig_horiz_profile_out = reshape(orig_horiz_profile_out,row,col);

    [row,col] = size(orig_vert_profile_in);

    orig_vert_profile_out = code_profile(1+orig_vert_profile_in);

    orig_vert_profile_out = reshape(orig_vert_profile_out,row,col);

end

Function “dll_lowbw_gain_v2_original.m”


function [orig_y_blocks, orig_cb_blocks, orig_cr_blocks, yesno] = ...

    dll_lowbw_gain_v2_original(fn, num_sec)

% DLL_LOWBW_GAIN_V2_ORIGINAL

%   Calculate original features needed for low bandwidth YCbCr gain &

%   offset (rrcal version 2).

% SYNTAX

%  [orig_y_blocks, orig_cb_blocks, orig_cr_blocks, yesno] = ...

%       dll_lowbw_gain_v2_original(fn, num_sec)

% DESCRIPTION

%  Calculate original features needed for low bandwidth  gain &

%  offset.  Video clip must be temporally registered first.  Spatial

%  registration & valid region should also be calculated.

%  'fn' is the file identifier from dll_video, preferably fn=1.

%  'num_sec' is the number of seconds of video from file fn=1 that should

%  be used for calibration.  

%

%  Return values are required by function dll_lowbw_gain_processed.

%   'orig_y_blocks' averaged Y blocks selected.

%   'orig_cb_blocks' averaged Cb blocks selected

%   'orig_cr_blocks' averaged Cr blocks selected

%   'yesno' logicals (i.e., booleans) indicating for all blocks, which 1/2

%       of blocks were selected.

num_sec = floor(num_sec);

[rows,cols, fps] = dll_video('size', fn);

durration = floor( dll_video('total_frames',1) / fps );

if durration < num_sec,

    num_sec = durration;

end

if rows <= 216,

    block_size = 10;  

elseif rows <= 384,

    block_size = 22;  

else

    block_size = 46;  

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   Use luminance image only, sub-sampled by block_size.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% set SROI given specified block size

[temp.image_size.rows,temp.image_size.cols] = dll_video('size',fn);

[temp.cvr] = dll_calib_video('pvr');

extra = 0;

[sroi,vert,horiz] = adjust_requested_sroi (temp, ...

    'vsize',block_size, 'hsize',block_size, 'extra',extra);

dll_calib_video('sroi', sroi, extra);

% allocate space for results

orig_y_blocks = zeros(vert, horiz, num_sec);

orig_y_std = zeros(vert, horiz, num_sec);

orig_cb_blocks = zeros(vert, horiz, num_sec);

orig_cr_blocks = zeros(vert, horiz, num_sec);

% loop through frames

dll_video('set_rewind', fn);

dll_video('set_tslice', fn, 1.0/fps);

for loop = 1:num_sec,

    % compute mean of frame

    [y, cb, cr] = dll_calib_video('tslice', fn);

    orig_y_blocks(:,:,loop) = block_statistic(y, block_size, block_size, 'mean');

    orig_y_std(:,:,loop) = block_statistic(y, block_size, block_size, 'std');

    orig_cb_blocks(:,:,loop) = block_statistic(cb, block_size, block_size, 'mean');

    orig_cr_blocks(:,:,loop) = block_statistic(cr, block_size, block_size, 'mean');

    % skip over the rest of the frames in this second of video.

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

% set SROI to PVR again

dll_calib_video('sroi', temp.cvr, 0);

% pick off 1/2 of blocks with lowest Y stdev

[r1,c1,t1] = size(orig_y_std);

orig_y_std = reshape(orig_y_std, r1*c1*t1, 1);

orig_y_blocks = reshape(orig_y_blocks, r1*c1*t1, 1);

orig_cb_blocks = reshape(orig_cb_blocks, r1*c1*t1, 1);

orig_cr_blocks = reshape(orig_cr_blocks, r1*c1*t1, 1);

[a,b]=sort(orig_y_std);

b = b(1:floor(length(b) / 2));

yesno = logical(orig_y_std <= orig_y_std(b(length(b))));

orig_y_blocks = orig_y_blocks(yesno);

orig_cb_blocks = orig_cb_blocks(yesno);

orig_cr_blocks = orig_cr_blocks(yesno);

Function “dll_lowbw_gain_v2_processed.m”


function [y_gain, y_offset, cb_gain, cb_offset, cr_gain, cr_offset, sucess] = ...

    dll_lowbw_gain_v2_processed(fn, num_sec, orig_y, orig_cb, orig_cr, yesno);

% DLL_LOWBW_GAIN_V2_PROCESSED

%   Calculate processed features and low bandwidth YCbCr gain/offset (rrcal

%   version 2).

% SYNTAX

%   [y_gain, y_offset, cb_gain, cb_offset, cr_gain, cr_offset, status] = ...

%       dll_lowbw_gain_v2_processed(fn, seed_state, num_sec, ...

%           orig_y_blocks, orig_cb_blocks, orig_cr_blocks, yesno);

% DESCRIPTION

%  Calculate processed features needed for low bandwidth gain &

%  offset.  Video clip must be temporally registered first.  Spatial

%  registration & valid region should also be calculated.

%  'fn' is the file identifier from dll_video, preferably fn=2.

%  'num_sec' is the number of seconds of video from file fn=2 that should

%  be used for calibration.  

%

%  Other input values are computed by function dll_lowbw_gain_original.

%  Returned values are 'y_gain' the luminance gain, and 'y_offset', the

%  luminance offset; and likewise for Cb and Cr.

%

%  Return value of 'sucess' is 1 if algorithm succeeds, and 0 if algorithm

%  may have failed, and -1 if a catestrophic failure results in a return of

%  gain=1, offset=0.  Cb & Cr values set to 'nan' if algorithm failed,

%  otherwise not checked. 

sucess = 1;

num_sec = floor(num_sec);

y_gain = 1;

y_offset = 0;

%figure out block size

num_sec = floor(num_sec);

[rows,cols, fps] = dll_video('size', fn);

durration = floor( dll_video('total_frames',2) / fps );

if durration < num_sec,

    num_sec = durration;

end

if rows <= 216,

    block_size = 10;  

elseif rows <= 384,

    block_size = 22;  

else

    block_size = 46;  

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

% Algorithm:

%

%   Use one frame every second (approx).  

%   Search over ALL frames simultaneously.

%   Search original +- 0 second (yes! ZERO); 

%   Use luminance image only, sub-sampled by block_size.

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% set SROI given specified block size

[temp.image_size.rows,temp.image_size.cols] = dll_video('size',fn);

[temp.cvr] = dll_calib_video('pvr');

extra = 0;

[sroi,vert,horiz] = adjust_requested_sroi (temp, ...

    'vsize',block_size, 'hsize',block_size, 'extra',extra);

dll_calib_video('sroi', sroi, extra);

% allocate space for results

proc_y = zeros(vert, horiz, num_sec);

proc_cb = zeros(vert, horiz, num_sec);

proc_cr = zeros(vert, horiz, num_sec);

% loop through frames

dll_video('set_rewind', fn);

dll_video('set_tslice', fn, 1.0/fps);

for loop = 1:num_sec,

    % compute mean of frame

    [y, cb, cr] = dll_calib_video('tslice', fn);

    proc_y(:,:,loop) = block_statistic(y, block_size, block_size, 'mean');

    proc_cb(:,:,loop) = block_statistic(cb, block_size, block_size, 'mean');

    proc_cr(:,:,loop) = block_statistic(cr, block_size, block_size, 'mean');

    % skip over the rest of the frames in this second of video.

    if loop ~= num_sec,

        dll_video('discard', fn, (fps-1)/fps); 

    end

end

dll_video('rewind', fn);

% set SROI to PVR again

dll_calib_video('sroi', temp.cvr, 0);

[r1,c1,t1] = size(proc_y);

proc_y = reshape(proc_y, r1*c1*t1, 1);

proc_y = proc_y(yesno);

proc_cb = reshape(proc_cb, r1*c1*t1, 1);

proc_cb = proc_cb(yesno);

proc_cr = reshape(proc_cr, r1*c1*t1, 1);

proc_cr = proc_cr(yesno);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% eliminate blocks with clipping

% MUST be done second< so that above indicies

% are identical for y, cb, & cr

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

b = find(orig_y >= 2 & orig_y <= 253 & proc_y >= 2 & proc_y <= 253 );

if length(b) ~= length(orig_y),

    orig_y = orig_y(b);

    proc_y = proc_y(b);

end

b = find(orig_cb >= -126 & orig_cb <= 126 & proc_cb >= -126 & proc_cb <= 126 );

if length(b) ~= length(orig_cb),

    orig_cb = orig_cb(b);

    proc_cb = proc_cb(b);

end

b = find(orig_cr >= -126 & orig_cr <= 126 & proc_cr >= -126 & proc_cr <= 126 );

if length(b) ~= length(orig_cr),

    orig_cr = orig_cr(b);

    proc_cr = proc_cr(b);

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% compute gain & offset with final pixels

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if (max(max(max(orig_y)))-min(min(min(orig_y)))) < 10,

    y_gain = 1.0;

    y_offset = 0.0;

    sucess = -1;

elseif (max(max(max(proc_y)))-min(min(min(proc_y)))) <= 0

    y_gain = 1.0;

    y_offset = 0.0;

    sucess = -1;

else

    % compute initial gain via linear regression

    y = proc_y;

    x = [ones(length(y),1) orig_y];

    b = x\y;

    r = y - x*b;

    done = 0;

    prev_b = b;

    counter = 0;

    while ~done && counter < 10000,

        counter = counter + 1;

        epsilon = 1.0;

        cost = 1.0 ./ (abs(r) + epsilon); % cost vector, reciprocal of errors

        cost = cost ./ sqrt(sum(cost)); % normalize for unity norm

        cost = (cost.^2);

        xp = x' .* repmat(cost,1,2)';

        b = inv(xp*x)*xp*y;

        r = y - x*b;

        if abs(prev_b(2) - b(2)) < 0.0001,

            done = 1;

        else

            prev_b = b;

        end

    end

    if counter < 10000,

        y_gain = b(2);

        y_offset = b(1);

    else

        y_gain = 1.0;

        y_offset = 0.0;

        sucess = -1;

    end

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% compute gain & offset with final pixels

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if (max(max(max(orig_cb)))-min(min(min(orig_cb)))) < 10,

    cb_gain = nan;

    cb_offset = nan;

elseif (max(max(max(proc_cb)))-min(min(min(proc_cb)))) <= 0

    cb_gain = nan;

    cb_offset = nan;

else

    % compute initial gain via linear regression

    y = proc_cb;

    x = [ones(length(y),1) orig_cb];

    b = x\y;

    r = y - x*b;

    done = 0;

    prev_b = b;

    counter = 0;

    while ~done && counter < 10000,

        counter = counter + 1;

        epsilon = 1.0;

        cost = 1.0 ./ (abs(r) + epsilon); % cost vector, reciprocal of errors

        cost = cost ./ sqrt(sum(cost)); % normalize for unity norm

        cost = (cost.^2);

        xp = x' .* repmat(cost,1,2)';

        b = inv(xp*x)*xp*y;

        r = y - x*b;

        if abs(prev_b(2) - b(2)) < 0.0001,

            done = 1;

        else

            prev_b = b;

        end

    end

    if counter < 10000,

        cb_gain = b(2);

        cb_offset = b(1);

    else

        cb_gain = nan;

        cb_offset = nan;

    end

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% compute gain & offset with final pixels

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if (max(max(max(orig_cr)))-min(min(min(orig_cr)))) < 10,

    cr_gain = nan;

    cr_offset = nan;

elseif (max(max(max(proc_cr)))-min(min(min(proc_cr)))) <= 0

    cr_gain = nan;

    cr_offset = nan;

else

    % compute initial gain via linear regression

    y = proc_cr;

    x = [ones(length(y),1) orig_cr];

    b = x\y;

    r = y - x*b;

    done = 0;

    prev_b = b;

    counter =0;

    while ~done && counter < 10000,

        counter = counter + 1;

        epsilon = 1.0;

        cost = 1.0 ./ (abs(r) + epsilon); % cost vector, reciprocal of errors

        cost = cost ./ sqrt(sum(cost)); % normalize for unity norm

        cost = (cost.^2);

        xp = x' .* repmat(cost,1,2)';

        b = inv(xp*x)*xp*y;

        r = y - x*b;

        if abs(prev_b(2) - b(2)) < 0.0001,

            done = 1;

        else

            prev_b = b;

        end

    end

    if counter < 10000,

        cr_gain = b(2);

        cr_offset = b(1);

    else

        cr_gain = nan;

        cr_offset = nan;

    end

end

% failure causes large offset or small gain.

if y_offset > 20 || y_gain < 0.70,

    sucess = 0;

end

if y_gain < 0.6 || y_gain > 1.6 || y_offset < -80 || y_offset > 80,

    y_gain = 1.0;

    y_offset = 0.0;

    sucess = -1;

end

Function “dll_lowbw_gain_v2_quant.m”


function [out_y, out_cb, out_cr] = dll_lowbw_gain_v2_quant(is_quantize, in_y, in_cb, in_cr);

% DLL_LOWBW_GAIN_V2_QUANT

%   Quantizer & reconstruct original features for lowbw gain & offset.

% SYNTAX

%   [index_y, index_cb, index_cr] = dll_lowbw_gain_v2_quant(1, y, cb, cr); % quantize

%   [y, cb, cr] = dll_lowbw_gain_v2_quant(0, index_y, index_cb, index_cr); % reconstruct

% DESCRIPTION

%   First argument is '1' to quantize, and '0' to reconstruct.

%   'y', 'cb', and 'cr are the original features from

%                      lowbw_gain_v2_original.m (i.e., uncompressed)

%   'index_y', 'index_cb', and 'index_cr' are the quantize indicies to be transmitted.

start = 0.0;  % first code

last = 255.0;  % 255 is the maximum observed in the training data 

high_codes = 1024;  % number of codes for 10-bit quantizer, must make epsilon=1.0 

code_lgo = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_lgo_size = size(code_lgo,2);

part_lgo = (code_lgo(2:code_lgo_size)+code_lgo(1:code_lgo_size-1))/2;

if is_quantize,

    %  Quantize orig_y feature like this

    [out_y] = quantiz_fast(in_y',part_lgo);

    %  Quantize org_cb feature like this

    [out_cb] = quantiz_fast(in_cb'+128,part_lgo);

    %  Quantize org_cr feature like this

    [out_cr] = quantiz_fast(in_cr'+128,part_lgo);

else

    %  Look-up the quantized value like this

    orig2 = code_lgo(1+in_y);

    out_y = orig2';

    %  Look-up the quantized value like this

    orig2 = code_lgo(1+in_cb);

    out_cb = orig2'-128;

    %  Look-up the quantized value like this

    orig2 = code_lgo(1+in_cr);

    out_cr = orig2'-128;

end

Function “dll_lowbw_temporal.m”


function [delay, sucess, is_still] = dll_lowbw_temporal (fn, ti2_orig, ti2_proc, ...

    ti10_orig, ti10_proc, ymean_orig, ymean_proc, uncert, varargin);

% DLL_LOWBW_TEMPORAL

%   Step 2: Compute delay

% SYNTAX

%   [delay, sucess, is_still] = dll_lowbw_temporal (ti2_orig, ti2_proc,

%       ti10_orig, ti10_proc, ymean_orig, ymean_proc, progressive, uncert);

%   [...] = dll_lowbw_temporal(...,'Flag',...);

% DESCRIPTION

%   Input arguments are 'fn' from dll_video, file ID for either original or

%   processed -- it doesn't matter which.  The next six input arguments are

%   the three features computed on the original video by function

%   dll_lowbw_temporal_features (named ti2_orig, ti10_orig & ymean_orig); 

%   and the features computed on the processed video by function

%   dll_lowbw_temporal_features (named ti2_proc, ti10_proc & ymean_proc).  

%   And finally, the temporal registration uncertainty, 'uncert', in seconds.

%

%   Optional Flags:

%       'field'     For interlaced systems, align to field accuracy.

%       'frame'     For interlaced systems, align to frame accuracy.  Default.

%

%   Return 'delay', the temporal registration delay in frames; 'sucess',

%   which is 1 if the algorithm succeeded & 0 if the algorithm failed; and

%   'is_still' which contains 1 if the video sequence appears to be still

%   or nearly still (thus temporal registration will always fail), and 0

%   otherwise. 

frame_select = 1;

cnt = 1;

while cnt <= length(varargin),

    if strcmpi(varargin{cnt},'field'),

        frame_select = 0;

        cnt = cnt + 1;

    elseif strcmpi(varargin{cnt},'frame'),

        frame_select = 1;

        cnt = cnt + 1;

    else

        error('optional flag not recognized');

    end

end

[video_standard] = dll_video('get_video_standard', fn);

if strcmp(video_standard,'interlace_upper_field_first'), % e.g., if fps == 25,

    fld_num(1) = 1;

    fld_num(2) = 2;

    progressive = 0;

elseif strcmp(video_standard,'interlace_lower_field_first'),

    fld_num(1) = 2;

    fld_num(2) = 1;

    progressive = 0;

elseif strcmp(video_standard,'progressive'),

    fld_num(1) = 1;

    progressive = 1;

else

    warning('video standard not recognized');

    fld_num(1) = 1;

    progressive = 1;

end

uncert = ceil(uncert * dll_video('fps', fn));

if ~progressive,

    uncert = uncert * 2;

end

[sucess, is_still, delay] = trc_align_with_three_features(ti2_orig, ti2_proc, ...

    ymean_orig, ymean_proc, ti10_orig, ti10_proc, uncert, progressive, frame_select);

%********************************************************************************

%********************************************************************************

%********************************************************************************

function [diff, is_valid] = trc_correlate_one_feature(feature_orig, feature_proc, ...

    threshold, uncert, is_progressive, frame_select, hold_name, file_name);

    diff = NaN;

    is_valid = 1;

    hold_length = min( length(feature_proc), length(feature_proc)) -2*uncert;

    proc = squeeze(feature_proc(uncert+1:uncert+hold_length));

    hold_std = std(proc);

    if hold_std < threshold,

        is_valid = 0;

        hold_std = 1;

    end

    proc = proc ./ hold_std;

    if is_progressive,

        for delay = 1:uncert*2+1,

            src = squeeze(feature_orig(delay:delay+hold_length-1));

            hold_std = std(src);

            if hold_std < threshold,

                is_valid = 0;

                return;

            end

            diff(delay) = std(src ./ hold_std - proc);

        end

    else

        if frame_select,

            for delay = 1:2:uncert*2+1,

                src = squeeze(feature_orig(delay:delay+hold_length-1));

                hold_std = std(src);

                if hold_std < threshold,

                    is_valid = 0;

                    hold_std = 1;;

                end

                diff( (delay+1)/2 ) = std(src ./ hold_std - proc);

            end

        else

            % align to nearest field -- may indicate different spatial

            % shift.

            for delay = 1:uncert*2+1,

                src = squeeze(feature_orig(delay:delay+hold_length-1));

                hold_std = std(src);

                if hold_std < threshold,

                    is_valid = 0;

                    hold_std = 1;

                end

                diff( delay ) = std(src ./ hold_std - proc);

            end

        end

    end

%********************************************************************************

function [is_valid, is_still, delay] = trc_align_with_three_features(ti2_orig, ti2_proc, ...

    y_orig, y_proc, ti10_orig, ti10_proc, uncert, is_progressive, frame_select);

    STILL_TI = 0.15;

    STILL_Y = 0.25;

    [diff_ti2,valid_ti2] = trc_correlate_one_feature(ti2_orig, ti2_proc, STILL_TI, ...

        uncert, is_progressive, frame_select);

    [diff_y,valid_y] = trc_correlate_one_feature(y_orig, y_proc, STILL_Y, uncert, ...

        is_progressive, frame_select);

    [diff_ti10,valid_ti10] = trc_correlate_one_feature(ti10_orig, ti10_proc, STILL_TI, ...

        uncert, is_progressive, frame_select);

    [is_valid, is_still, delay] = trc_align_combine(diff_ti2, diff_y, diff_ti10, uncert, ...

        valid_ti2, valid_y, valid_ti10, ...

        is_progressive, frame_select);

%********************************************************************************

function [is_valid, is_still, delay] = trc_align_combine(diff_ti2, diff_y, diff_ti10, uncert, ...

    passvalid_ti2, passvalid_y, passvalid_ti10,  ...

    is_progressive, frame_select, test, scene, hrc, clip_number);

    CONST_VALID = 0.25;

    CONST_INVALID = 1.4;

    CONST_DELTA = 0.04;

    CONST_TI_RANGE = 3;

    CONST_Y_RANGE = 4;

    % judge whether each of the three features is valid

    if passvalid_ti2 & min(diff_ti2) < CONST_INVALID,

        range_high = find(diff_ti2 <= min(diff_ti2) + CONST_DELTA);

        range_high = range_high(length(range_high)) - range_high(1) + 1;

        if min(diff_ti2) < CONST_VALID | range_high <= CONST_TI_RANGE,

            valid_ti2 = 1;

        else

            valid_ti2 = 0;

        end

    else

        valid_ti2 = 0;

    end

    if passvalid_y & min(diff_y) < CONST_INVALID,

        range_high = find(diff_y <= min(diff_y) + CONST_DELTA);

        range_high = range_high(length(range_high)) - range_high(1) + 1;

        if min(diff_y) < CONST_VALID | range_high <= CONST_Y_RANGE,

            valid_y = 1;

        else

            valid_y = 0;

        end

    else valid_y = 0;

    end

    if passvalid_ti10 & min(diff_ti10) < CONST_INVALID,

        range_high = find(diff_ti10 <= min(diff_ti10) + CONST_DELTA);

        range_high = range_high(length(range_high)) - range_high(1) + 1;

        if min(diff_ti10) < CONST_VALID | range_high <= CONST_TI_RANGE,

            valid_ti10 = 1;

        else

            valid_ti10 = 0;

        end

    else

        valid_ti10 = 0;

    end

    % make composite plot of valid differences/correlations

    is_valid = 1;

    if valid_ti2 & valid_y & valid_ti10,

        diff = (diff_ti2+diff_y+diff_ti10)/3;

    elseif valid_ti2 & valid_y,

        diff = (diff_ti2+diff_y)/2;

    elseif valid_y & valid_ti10,

        diff = (diff_y+diff_ti10)/2;

    elseif valid_ti2 & valid_ti10,

        diff = (diff_ti2+diff_ti10)/2;

    elseif valid_ti2,

        diff = diff_ti2;

    elseif valid_y,

        diff = diff_y;

    elseif valid_ti10,

        diff = diff_ti10;

    else

        is_valid = 0;

        delay = 0;

    end

    if is_valid,

        % find delay that minimizes correlation

        [mindiff,mindelay] = min(diff);

        if is_progressive,

            delay = - (mindelay - 1 - uncert);

        else

            if frame_select,

                delay = - (mindelay - 1 - uncert/2);

            else

                mindelay = (mindelay+1)/2;

                delay = - (mindelay - 1 - uncert/2);

            end

        end

    end    

    %

    if ~passvalid_ti2 & ~passvalid_y & ~passvalid_ti10,

        is_still = 1;

    else

        is_still = 0;

    end

Function “dll_lowbw_temporal_features.m”


function [ti2, ti10, ymean, is_white_clip, is_black_clip] = ...

    dll_lowbw_temporal_features(fn, durration, pvr);

% DLL_LOWBW_TEMPORAL_FEATURES

%   Step 1: Compute features needed for temporal registration

% SYNTAX

%   [ti2, ti10, ymean, is_white_clip, is_black_clip] = ...

%       dll_lowbw_temporal_features(fn, durration);

%   [...] = dll_lowbw_temporal_features(fn, durration, pvr);

% DESCRIPTION

%   Input arguments are 'fn' from dll_video, to locate the video file;

%   'durration' in seconds, the durration of video to be used (less than

%   file length).  'pvr' computed by dll_proc_valid_region, if known, should

%   also be specified.  A default PVR will be used if this information is not

%   known.  WARNING:  'pvr' (if present) and 'durration' must be identical

%   for original & processed function calls.

%

%   Return values are three features: ti2, ti10 & ymean.

%   Also whether the video appears to contain white level clipping

%   ('is_white_clip') or black level clipping ('is_black_clip').

if ~exist('pvr','var'),

    [row,col] = dll_video('size', fn);  

    % discard 4% if PVR not defined.

    hold = round(0.04*row);

    hold = hold + mod(hold,2); % next even number

    pvr.top = hold + 1;

    pvr.bottom = row - hold;

    hold = round(0.04*col);

    hold = hold + mod(hold,2); % next even number

    pvr.left = hold + 1;

    pvr.right = col - hold;

end

% initialize

[fps] = dll_video('fps', fn); 

[video_standard] = dll_video('get_video_standard', fn);

if strcmp(video_standard,'interlace_upper_field_first'), % e.g., if fps == 25,

    fld_num(1) = 1;

    fld_num(2) = 2;

    progressive = 0;

elseif strcmp(video_standard,'interlace_lower_field_first'),

    fld_num(1) = 2;

    fld_num(2) = 1;

    progressive = 0;

elseif strcmp(video_standard,'progressive'),

    fld_num(1) = 1;

    progressive = 1;

else

    warning('video standard not recognized');

    fld_num(1) = 1;

    progressive = 1;

end

rows = pvr.bottom-pvr.top+1;

cols = pvr.right-pvr.left+1;

% loop through frames

dll_video('set_rewind', fn);

dll_video('set_tslice', fn, 1.0/fps);

dll_calib_video('sroi',pvr,0);

if ~progressive,

    buffer = zeros(rows/2*cols,6,2);

else

    buffer = zeros(rows*cols,6,2);

end

ti2_cnt = 1;

ti10_cnt = 1;

ymean_cnt = 1;

white_cnt = 1;

curr = 1;

for loop = 1:floor(fps*durration),

    % read frame

    y_frames = dll_calib_video('tslice', fn);

    if ~progressive,

        % Reshape frames into fields.

        y_fields = reshape(y_frames,2,rows/2,cols);

        y_fields = permute(y_fields,[2 1 3]);

        frows = rows / 2;

        buffer(:,curr,1) = reshape(y_fields(:,fld_num(1),:),rows/2*cols,1);

        buffer(:,curr,2) = reshape(y_fields(:,fld_num(2),:),rows/2*cols,1);

    else

        % Change name; don't reshape frames into fields.

        [rows,cols,time] = size(y_frames);

        y_fields = reshape(y_frames,rows,1,cols);

        frows = rows;

        buffer(:,curr,1) = reshape(y_fields(:,fld_num(1),:),rows*cols,1);

    end

    clear y_frames;

    % compute feature TI2

    for fld = 1:length(fld_num),

        if loop >= 2,

            other = curr-1;

            if other < 1,

                other = other + 6;

            end

            ti2(ti2_cnt) = sqrt(mean( (buffer(:,curr,fld) - buffer(:,other,fld)).^2 ));

            ti2_cnt = ti2_cnt + 1;

        end

    end

    % compute feature TI10

    for fld = 1:length(fld_num),

        if loop >= 6,

            other = curr-5;

            if other < 1,

                other = other + 6;

            end

            ti10(ti10_cnt) = sqrt(mean( (buffer(:,curr,fld) - buffer(:,other,fld)).^2 ));

            ti10_cnt = ti10_cnt + 1;

        end

    end

    % compute feature Ymean

    for fld = 1:length(fld_num),

        ymean(ymean_cnt) = mean(buffer(:,curr,fld));

        ymean_cnt = ymean_cnt + 1;

    end

    % white & black clipping

    for fld = 1:length(fld_num),

        list_white(white_cnt) = length( find(buffer(:,curr,fld) >= 254) );

        list_black(white_cnt) = length( find(buffer(:,curr,fld) <= 1) );

        white_cnt = white_cnt + 1;

    end

    curr = curr + 1;

    if curr > 6,

        curr = 1;

    end

end

dll_video('rewind', fn);

list_white = list_white ./ (frows * cols) * 100;

is_white_clip = max(max(list_white)) >= 5.0;

list_black = list_black ./ (frows * cols) * 100;

is_black_clip = max(max(list_black)) >= 5.0;

ti2 = single(ti2);

ti10 = single(ti10);

ymean = single(ymean);

Function “dll_lowbw_temporal_original.m”


function dll_lowbw_temporal_original(fn, delay);

% DLL_LOWBW_TEMPORAL_ORIGINAL

%   step 3: Apply delay to original video

% SYNTAX

%   dll_lowbw_temporal_original(fn, delay);

% DESCRIPTION

%   'fn' from dll_video, fn=1, description of original video sequence.

%   'delay' as returned by dll_lowbw_temporal

% Adjust the image buffer according to the temporal registration just computed.

if delay < 0,

    [fps] = dll_video('fps', fn);  

    dll_video('discard', fn, floor(-delay)/fps); 

end

Function “dll_lowbw_temporal_processed.m”


function dll_lowbw_temporal_processed(fn, delay);

% DLL_LOWBW_TEMPORAL_PROCESSED

%   step 4: Apply delay to processed video

% SYNTAX

%   dll_lowbw_temporal_processed(fn, delay);

% DESCRIPTION

%   'fn' from dll_video, fn=2, description of processed video sequence.

%   'delay' as returned by dll_lowbw_temporal

% Adjust the image buffer according to the temporal registration just computed.

if delay > 0,

    [fps] = dll_video('fps', fn);  

    dll_video('discard', fn, floor(delay)/fps); 

end

Function “dll_lowbw_temporal_quant.m”


function [ti2, ti10, y] = dll_lowbw_temporal_quant(is_quantize, orig_ti2, orig_ti10, orig_y);

% DLL_LOWBW_TEMPORAL_QUANT

%   Quantize & reconstruct original features for low bandwidth temporal

%   registration.

% SYNTAX

%  [index_ti2, index_ti10, index_y] = dll_lowbw_temporal_quant(is_quantize, orig_ti2, orig_ti10, orig_y);

%  [orig_ti2, orig_ti10, orig_y] = dll_lowbw_temporal_quant(is_quantize, index_ti2, index_ti10, index_y);

% DESCRIPTION

%   'is_quantize' is 1 for quantize, 0 to reconstruct.

%   When quantizing, the other three paramters are the features returned by 

%   function dll_lowbw_temporal_original (orig_ti2, orig_ti10, orig_y) 

%   and the return values are the indexes to be transmitted.  When reconstructing,

%   the other three parameters are the indexes, and the return values are

%   the re-constructed features.

%

% Example call to quantize:

%   [ti2_index, ti10_index, y_index] =

%       dll_lowbw_temporal_quant(1, orig_ti2, orig_ti10, orig_y);

% Example call to reconstruct:

%   [orig_ti2, orig_ti10, orig_y] =

%       dll_lowbw_temporal_quant(0, ti2_index, ti10_index, y_index);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%  Define the quantizers for the three temporal registration features.

%  These designs are for 10 bit linear quantizers.

%  cont feature

start = 0.0;  % first code

last = 255.0;  % 252 is the maximum observed in the training data

high_codes = 4096;  % number of codes for 12-bit quantizer

code_cont = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_cont_size = size(code_cont,2);

part_cont = (code_cont(2:code_cont_size)+code_cont(1:code_cont_size-1))/2;

%  ti2 feature

start = 0.0;  % first code

last = 210.0;  % 209 is the maximum observed in the training data

high_codes = 4096;  % number of codes for 12-bit quantizer

code_ti2 = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_ti2_size = size(code_ti2,2);

part_ti2 = (code_ti2(2:code_ti2_size)+code_ti2(1:code_ti2_size-1))/2;

%  ti10 feature

start = 0.0;  % first code

last = 210.0;  % 209 is the maximum observed in the training data

high_codes = 4096;  % number of codes for 12-bit quantizer

code_ti10 = start:(last-start)/(high_codes-1):last;

%  Generate the partitions, halfway between codes

code_ti10_size = size(code_ti10,2);

part_ti10 = (code_ti10(2:code_ti10_size)+code_ti10(1:code_ti10_size-1))/2;

if is_quantize,

    %  Quantize original features

    [ti2] = quantiz_fast((orig_ti2),part_ti2);

    [ti10] = quantiz_fast((orig_ti10),part_ti10);

    [y] = quantiz_fast((orig_y),part_cont);

else

    %  Undo the quantization

    ti2 = code_ti2(1+orig_ti2);

    ti2 = reshape(ti2,1,length(ti2));

    ti10 = code_ti10(1+orig_ti10);

    ti10 = reshape(ti10,1,length(ti10));

    y = code_cont(1+orig_y);

    y = reshape(y,1,length(y));

end

Function “dll_model.m”


function [one, two, three] = dll_model(control, varargin)

% DLL_MODEL

%   Complete VQM model calculations. 

%

% To Initialize:

%   [model_tslice_sec, model_planes] = dll_model('initialize', model_name, durration, fn);

%         'model_name' is the name of the model to be run: 

%           'Fast'       Fast Low-Bandwidth Model

%         'fn' is 1 for original and 2 for processed -- either is okay -- where

%         function dll_video has been initialized on this computer for (fn).

%         'fn' presumed for following 'tslice' and 'get' calls, until next 'initialize'.

%         'durration' is the 

%

% To Calculate features for next time-slice 

%       where y (if 'model_planes' == 'y') 

%       or y, cb, cr, & fps (if 'model_planes' == 'ycbcr'):

%   [ready_for_vqm] = dll_model('tslice', y);

%   [ready_for_vqm] = dll_model('tslice', y, cb, cr, fps);

%

% To Get features

%   [features] = dll_model('get');

%

% To Complete VQM model calculations.

%   [vqm, pars, par_names] = dll_model('vqm', source_features, proc_features);

%       'source_features' is the 'features' return value from dll_features(fn=1)

%           for general & developer's models.  For Lowbw & Fast models,

%           'source_features' is the file name containing compressed

%           features.

%       'proc_features' is the 'features' return value from dll_features(fn=2)

%       Function 'dll_features' must already have been run & retreived with

%       dll_model('get') for fn=1 (source_features) and fn=2 (processed

%       featues).

persistent data;

one = NaN;

two = NaN;

three = NaN;

if strcmp(control,'initialize'),

    if strcmp(varargin{1}, 'Fast'),

        [data,one,two] = model_run_Callback_initialize_fastlowbw(varargin{2}, varargin{3});

    else

        error('model name not recognized');

    end

    data.model = varargin{1};

elseif strcmp(control,'tslice'),

    if strcmp(data.model,'Fast'),

        [data, one] = model_run_Callback_feature_fastlowbw(data, varargin{1}, varargin{2}, ...

            varargin{3}, varargin{4});

    else

        error('model name not recognized');

    end

elseif strcmp(control,'vqm'),

    if strcmp(data.model,'Fast'),

        file_name = varargin{1};

        [orig_features.si_orig, orig_features.part_si_min, orig_features.part_si_max, ...

             orig_features.hv_feat_orig, orig_features.part_hv_min, orig_features.part_hv_max, ...

             orig_features.y_orig, ...

             orig_features.cb_orig, orig_features.cr_orig, orig_features.part_c_min, ...

             orig_features.part_c_max, orig_features.part_c, ...

             orig_features.ati_orig, orig_features.part_ati_min, orig_features.part_ati_max, ...

             orig_features.part_ati, orig_features.code_ati ] ...

             = model_lowbw_compression('uncompress', file_name);

        [fps] = dll_video('fps');  

        [one, two, three] = model_run_Callback_vqm_fastlowbw(varargin{2}, orig_features, fps);

    else

        error('model name not recognized');

    end

elseif strcmp(control,'get'),

    one = data;

end

%%%%%%%%%%%%%%%%%%%%%%%%%

function [data,model_tslice_sec, model_planes] = model_run_Callback_initialize_fastlowbw(durration, fn);

% figure out side & control option.

data.destination = (fn == 2);

model_tslice_sec = 1.0;

model_planes = 'ycbcr';

data.tslice_total = floor(durration / model_tslice_sec);

data.tslices = 0;

if data.destination,

    model_fastlowbw_features_shift('clear');

else

    model_fastlowbw_features('clear');

end

% set lowbw SROI

[image_size.rows,image_size.cols] = dll_video('size',fn);

[filter_size, extra] = adaptive_filter(image_size);

[pvr] = dll_calib_video('pvr');

[valid, cvr, sroi] = model_lowbw_sroi(extra, pvr.top, pvr.left, pvr.bottom, pvr.right);

dll_calib_video('sroi', sroi, extra+1);

%%%%%%%%%%%%%%%%%%%%%%%%%

function [data, ready_for_vqm] = model_run_Callback_feature_fastlowbw(data, y, cb, cr, fps);

% process next Time-slice

if data.tslices == data.tslice_total,

    data.tslices = 0;

end

% cut out SROI +/- 6 pixels

[rows,cols,time] = size(y);

image_size.rows = rows;

image_size.cols = cols;

[filter_size,extra] = adaptive_filter(image_size);

[valid, pvr, sroi] = model_lowbw_sroi(extra, 1, 1, rows, cols);

if ~valid,

    report_Callback('add', 'Valid Region too small.  Low Bandwidth Model cannot execute.');

    stop_Callback('button');

    return;

end

[image_size.rows,image_size.cols,junk] = size(y);

y = y(pvr.top:pvr.bottom, pvr.left:pvr.right,:);

cb = cb(pvr.top:pvr.bottom, pvr.left:pvr.right,:);

cr = cr(pvr.top:pvr.bottom, pvr.left:pvr.right,:);

% compute features. 

[filter_size, extra] = adaptive_filter(image_size);

if data.destination,

    model_fastlowbw_features_shift ('memory',  y, cb, cr, fps, filter_size, extra);

else

    % discard one pixel on all sides, then compute features

    [row,col,time] = size(y);

    y = y(2:row-1, 2:col-1, :);

    cb = cb(2:row-1, 2:col-1, :);

    cr = cr(2:row-1, 2:col-1, :);

    model_fastlowbw_features ('memory',  y, cb, cr, fps, filter_size, extra);

end

% update number of tslices destination.

data.tslices = data.tslices + 1;

if data.tslices == data.tslice_total,

    if data.destination,

        [data.data] = model_fastlowbw_features_shift ('eof');

    else

        [data.si_std data.hv_ratio data.y_mean data.cb_mean data.cr_mean data.ati_rms] ...

            = model_fastlowbw_features ('eof');

    end

    ready_for_vqm = 1;

else

    ready_for_vqm = 0;

end

%%%%%%%%%%%%%%%%%%%%%%%%%

function [vqm_value, pars, par_names] = model_run_Callback_vqm_fastlowbw(proc, src, fps);

    [row,col,TIME_DELTA] = size(src.si_orig);

    for loop = 1:9,

        % calculate model

        do_test_print = 0;

        [data(loop).vqm, data(loop).hv_loss_par, data(loop).hv_gain_par,data(loop).si_loss_par, ...

            data(loop).si_gain_par, ...

            data(loop).color_comb_par, data(loop).noise_par, data(loop).error_par] = ...

            model_fastlowbw_parameters (...

                proc.data(loop).si_std, proc.data(loop).hv_ratio, proc.data(loop).y_mean, ...

                proc.data(loop).cb_mean, proc.data(loop).cr_mean, proc.data(loop).ati_rms, ...

                src.si_orig, src.hv_feat_orig, src.y_orig, src.cb_orig, src.cr_orig, src.ati_orig, ...

                fps, src.part_si_min, src.part_si_max, src.part_hv_min, src.part_hv_max, ...

                src.part_c_min, src.part_c_max, src.part_c, src.part_ati_min, src.part_ati_max, ...

                src.part_ati, src.code_ati, 0, TIME_DELTA);

    end

    % select smallest average VQM score shift

    for shift=1:9,

        vqm_mean(shift) = mean(data(shift).vqm);

    end

    [junk shift] = min(vqm_mean);

    row = floor((shift-1)/3)-1;

    col = mod(shift-1,3)-1;

    % keep only the last sample; above function produces an entire

    % time-history and we only want the ending number.

    num = length(data(shift).vqm);

    % select & copy data to return.

    pars = [data(shift).hv_loss_par(num), data(shift).hv_gain_par(num), ...

                data(shift).si_loss_par(num), data(shift).si_gain_par(num), ...

                data(shift).color_comb_par(num), data(shift).noise_par(num), ...

                data(shift).error_par(num), row, col];

    par_names = {'hv_loss' 'hv_gain' 'si_loss' 'si_gain' 'color_comb' 'noise' 'error' 'vshift' 'hshift'};

    vqm_value = data(shift).vqm(num);

Function “dll_orig_valid_region.m”


function [ovr] = dll_orig_valid_region;

% DLL_ORIG_VALID_REGION

%   Calculate original valid region (OVR)

% SYNTAX

%   [ovr] = dll_orig_valid_region;

% DESCRIPTION

%   Compute original valid region.  Use video from dll_video(fn=1).

% fetch control variables.

[rows,cols, fps] = dll_video('size',1);

[frames] = dll_video('total_frames',1);

% compute additional control variables

half_sec_frames = floor(round(fps) / 2);

half_sec_skip = (half_sec_frames - 1) / fps;

curr = 1;

image_size.rows = rows;

image_size.cols = cols;

[curr_valid_region, max_valid_region, standard] = valid_region_initialize(rows,cols);

% set rewind point

dll_video('set_rewind',1);

% loop through frames, improving valid region estimate.

for cnt = 1:half_sec_frames:(frames - half_sec_frames),

    y = dll_video('sec', 1, 0, 1/fps);

    dll_video('discard', 1, half_sec_skip);

    curr = curr + 1;

    [curr_valid_region] = vr_search (max_valid_region, curr_valid_region, y, standard, image_size);

end

% rewind

dll_video('rewind', 1);

% print result if debugging

% fprintf('VR = (%d,%d) (%d,%d)\n', curr_valid_region.top, curr_valid_region.left, ...

% curr_valid_region.bottom, curr_valid_region.right);

% error check.  override curr_valid_region if results were too small.

if curr_valid_region.bottom - curr_valid_region.top < ...

            (max_valid_region.bottom - max_valid_region.top)/2 || ...

        curr_valid_region.right - curr_valid_region.left < ...

            (max_valid_region.right - max_valid_region.left)/2

    curr_valid_region = max_valid_region;

end

ovr = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [curr_valid_region, max_valid_region, standard] = valid_region_initialize(rows, cols);

% initialize two variables, given the image size.

if rows == 486 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 4;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 480 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 2;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 576 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 720 & cols == 1280, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 1080 & cols == 1920, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

else

    max_valid_region.top = 1;

    max_valid_region.left = 1;

    max_valid_region.bottom = rows;

    max_valid_region.right = cols;

    standard = 0;

end

% initialize current valid region.

curr_valid_region.top = rows/2-1;

curr_valid_region.left = cols/2-1;

curr_valid_region.bottom = rows/2+1;

curr_valid_region.right = cols/2+1;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_valid_region] = vr_search_standard (max_valid_region, curr_valid_region, y);

% search bounderies for one image.

% search for left side.

locn = max_valid_region.left + 1;

prev = mean(y(:,locn - 1));

while locn < curr_valid_region.left,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.left = locn;

% search for top side.

locn = max_valid_region.top + 1;

prev = mean(y(locn - 1,:));

while locn < curr_valid_region.top,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.top = locn;

% search for right side.

locn = max_valid_region.right - 1;

prev = mean(y(:,locn + 1));

while locn > curr_valid_region.right,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.right = locn;

% search for bottom side.

locn = max_valid_region.bottom - 1;

prev = mean(y(locn + 1,:));

while locn > curr_valid_region.bottom,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.bottom = locn;

% return updated CVR

new_curr_valid_region = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

% search bounderies for one image.

% search bounderies for one image.

% max_vr MUST BE exactly equal to the image size.  This

% algorithm is intended for CIF, QCIF, VGA, and other video where the

% entire image is displayed.

% don't discard more than 4% of the rows or columns on any one border.

max_discard_rows = ceil(image_size.rows * 0.04);

max_discard_cols = ceil(image_size.cols * 0.04);

% search for left side.  Allow left side not to move in, even by one.

for locn = max_vr.left:max_discard_cols,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn+1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.left = locn;

% search for right side. Allow right side not to move in, even by one.

for locn = max_vr.right:-1:image_size.cols - max_discard_cols + 1,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn-1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.right = locn;

% search for top side. Allow top side not to move in, even by one.

for locn = max_vr.top:max_discard_rows,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn+1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.top = locn;

% search for bottom side.  Allow the bottom not to move in, even by one.

for locn = max_vr.bottom:-1:image_size.rows - max_discard_rows + 1,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn-1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.bottom = locn;

% return updated CVR

new_curr_vr = curr_vr;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search (max_vr, curr_vr, y, standard, image_size);

% search bounderies for one image.

if standard,

    [new_curr_vr] = vr_search_standard (max_vr, curr_vr, y);

else

    [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

end

Function “dll_proc_valid_region.m”


function [pvr] = dll_proc_valid_region(ovr);

% DLL_PROC_VALID_REGION

%   Stand-alone DLL code.  Calculates PVR - processed valid region

% SYNTAX

%   [pvr] = dll_proc_valid_region(ovr);

% DESCRIPTION

%   Compute processed valid region.  Use video from dll_video(fn=1).

%   'ovr' is returned by function dll_orig_valid_region

% fetch control variables.

[rows,cols, fps] = dll_video('size', 2); 

[frames] = dll_video('total_frames',2);

% compute control variables.

half_sec_frames = floor(round(fps) / 2);

half_sec_skip = (half_sec_frames - 1) / fps;

curr = 1;

image_size.rows = rows;

image_size.cols = cols;

% initialize using OVR and spatial registration results.

[curr_valid_region, junk, standard] = valid_region_initialize(rows,cols);

max_valid_region = ovr;

% set SROI for processed video read

dll_calib_video('max_roi');

% set rewind point

dll_video('set_rewind', 2);

% loop through frames, improving valid region estimate.

for cnt = 1:half_sec_frames:(frames - half_sec_frames),

    y = dll_calib_video('sec', 2, 1/fps);

    dll_video('discard', 2, half_sec_skip);

    curr = curr + 1;

    [curr_valid_region] = vr_search (max_valid_region, curr_valid_region, y, standard, image_size);

end

% rewind

dll_video('rewind', 2);

if standard,

    % go in by safety margin

    curr_valid_region.top = curr_valid_region.top + 1;

    curr_valid_region.bottom = curr_valid_region.bottom - 1;

    curr_valid_region.left = curr_valid_region.left + 5;

    curr_valid_region.right = curr_valid_region.right - 5;

end

% odd top/left coordinates, even bottom/right coordinates

curr_valid_region.top = curr_valid_region.top + (1-mod(curr_valid_region.top,2));

curr_valid_region.left = curr_valid_region.left + (1-mod(curr_valid_region.left,2));

curr_valid_region.bottom = curr_valid_region.bottom - mod(curr_valid_region.bottom,2);

curr_valid_region.right = curr_valid_region.right - mod(curr_valid_region.right,2);

% print result if debugging

%fprintf('VR = (%d,%d) (%d,%d)\n', curr_valid_region.top, curr_valid_region.left, ...

%  curr_valid_region.bottom, curr_valid_region.right);

% error check.  override curr_valid_region if results were too small.

if curr_valid_region.bottom - curr_valid_region.top < ...

        (max_valid_region.bottom - max_valid_region.top)/2 || ...

        curr_valid_region.right - curr_valid_region.left < ...

        (max_valid_region.right - max_valid_region.left)/2

    curr_valid_region = max_valid_region;

end

pvr = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [curr_valid_region, max_valid_region, standard] = valid_region_initialize(rows, cols);

% initialize two variables, given the image size.

if rows == 486 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 4;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 480 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 7;

    max_valid_region.bottom = rows - 2;

    max_valid_region.right = cols - 6;

    standard = 1;

elseif rows == 576 & cols == 720, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 720 & cols == 1280, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

elseif rows == 1080 & cols == 1920, 

    % initialize maximum valid region.

    max_valid_region.top = 7;

    max_valid_region.left = 17;

    max_valid_region.bottom = rows - 6;

    max_valid_region.right = cols - 16;

    standard = 1;

else

    max_valid_region.top = 1;

    max_valid_region.left = 1;

    max_valid_region.bottom = rows;

    max_valid_region.right = cols;

    standard = 0;

end

% initialize current valid region.

curr_valid_region.top = rows/2-1;

curr_valid_region.left = cols/2-1;

curr_valid_region.bottom = rows/2+1;

curr_valid_region.right = cols/2+1;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_valid_region] = vr_search_standard (max_valid_region, curr_valid_region, y);

% search bounderies for one image.

% search for left side.

locn = max_valid_region.left + 1;

prev = mean(y(:,locn - 1));

while locn < curr_valid_region.left,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.left = locn;

% search for top side.

locn = max_valid_region.top + 1;

prev = mean(y(locn - 1,:));

while locn < curr_valid_region.top,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn + 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.top = locn;

% search for right side.

locn = max_valid_region.right - 1;

prev = mean(y(:,locn + 1));

while locn > curr_valid_region.right,

    next = mean(y(:,locn));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.right = locn;

% search for bottom side.

locn = max_valid_region.bottom - 1;

prev = mean(y(locn + 1,:));

while locn > curr_valid_region.bottom,

    next = mean(y(locn,:));

    if next < 20 | next - 2 > prev,

        locn = locn - 1;

        prev = next;

    else

        break;

    end

end

curr_valid_region.bottom = locn;

% return updated CVR

new_curr_valid_region = curr_valid_region;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

% search bounderies for one image.

% search bounderies for one image.

% max_vr MUST BE exactly equal to the image size.  This

% algorihtm is intended for CIF, QCIF, VGA, and other video where the

% entire image is displayed.

% don't discard more than 4% of the rows or columns on any one border.

max_discard_rows = ceil(image_size.rows * 0.04);

max_discard_cols = ceil(image_size.cols * 0.04);

% search for left side.  Allow left side not to move in, even by one.

for locn = max_vr.left:max_discard_cols,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn+1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.left = locn;

% search for right side. Allow right side not to move in, even by one.

for locn = max_vr.right:-1:image_size.cols - max_discard_cols + 1,

    if mean(y(:,locn)) < 20 | mean(y(:,locn)) + 20 < mean(y(:,locn-1)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.right = locn;

% search for top side. Allow top side not to move in, even by one.

for locn = max_vr.top:max_discard_rows,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn+1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.top = locn;

% search for bottom side.  Allow the bottom not to move in, even by one.

for locn = max_vr.bottom:-1:image_size.rows - max_discard_rows + 1,

    if mean(y(locn,:)) < 20 | mean(y(locn,:)) + 20 < mean(y(locn-1,:)),

        % is invalid -- still increasing

    else

        break;

    end

end

curr_vr.bottom = locn;

% return updated CVR

new_curr_vr = curr_vr;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [new_curr_vr] = vr_search (max_vr, curr_vr, y, standard, image_size);

% search bounderies for one image.

if standard,

    [new_curr_vr] = vr_search_standard (max_vr, curr_vr, y);

else

    [new_curr_vr] = vr_search_noborder (max_vr, curr_vr, y, image_size);

end

Function “dll_video.m”


function [one,two,three,four] = dll_video(control, fn, varargin);

% DLL_VIDEO

%   This function implements video file read.

% SYNTAX

%   [...] = dll_video(control, fn, ...);

% DESCRIPTION

%   'fn' is either 1 for original, or 2 for processed

%   'control' is one of the following strings.  Additional parameters may

%   be required, as specified below:

%

% dll_video('initialize', fn, file_name, 'uyvy', video_standard, rows, cols, fps);

%       'video_standard' is 'progressive',

%       'interlace_lower_field_first', or 'interlace_upper_field_first'

%

% dll_video('set_tslice', fn, tslice_len);

%          % Set durration retrieved by command 'tslice'

%

% [rows,cols,fps,durration] = dll_video('size', fn);  

%          % return image size, frames per second, TOTAL file durration

%

% [fps] = dll_video('fps', fn);  

% [fps] = dll_video('fps');  

%          % return frames per second

%

% [video_standard] = dll_video('get_video_standard', fn);

%           % return video standard:  'progressive',

%           'interlace_lower_field_first' or 'interlace_upper_field_first'

%

% dll_video('set_rewind', fn);

%           % Set 'rewind'to go to current point in the file

%

% dll_video('rewind', fn);

%           % Go to point in file specified by 'set_rewind'

%

% dll_video('discard', fn, durration);  

%           % Discard the next 'durration' seconds of images from the buffer.   

%

% [y,cb,cr] = dll_video('tslice', fn, reframe);

%           % read [Y,Cb,Cr] images, the next tslice in durration, 

%           % previously specified via 'set_tslice'

%

% [y,cb,cr] = dll_video('sec', fn, reframe, durration);

% [y] = dll_video('sec', fn, reframe durration);

%           % read [Y,Cb,Cr] images, 'durration' seconds.

%

% [y] = dll_video('peek', fn, reframe durration);  Get the Y

%               images without removing them from the buffer.  So, the next

%               call with 'sec' or 'tslice' will get these same frames.

%               'reframe' is 1 if ONE extra farme neede for reframing, 0 otherwise 

%

% [total] = dll_video('total_frames',fn);

%           % return the total number of frames left in the file, after the

%           % current "read" point.

%

% [total] = dll_video('total_sec',fn);

%           % return the total number of seconds left in the file, after the

%           % current "read" point.

%

% [boolean] = dll_video('exist',fn);

%           % return 1 (true) if file defined/exists, 0 (false) otherwise.

%

% [code] = dll_set_align('delay_8s', delay);

%           % Works only for files exactly 8seconds long.  

%           % With delay=0, discard first 0.8s start and last 0.2s.

%           % Delays around that allowed, from (-0.2) sec to (0.2sec - 1frame).

%           % For original, delay must be set to 0.

%           % After this option is chosen, 'size' will always return a

%           % durration of '7 seconds'.

%           % "code" will be 0 on success, 1 if file was longer than 8sec

%           % and 2 if file is shorter than 8sec -- in which case, the

%           % request cannot be accomodated!

persistent data1;

persistent data2;

% Don't need 'fn' to get 'fps' value.  Return value from whichever

% structure is defined.  Must always be equal, so doesn't matter.

if strcmp(control,'fps') && ~exist('fn'),

    if exist('data1') && isfield(data1,'fps'),

        one = data1.fps;

    elseif exist('data2') && isfield(data2,'fps'),

        one = data2.fps;

    else

        error('function dll_video: no ''fps'' to retreive');

    end

    return;

end

% otherwise, always need 'fn' value, to say if working from source or

% processed video. 

if fn == 1,

    if exist('data1','var')

        data = data1;

    end

elseif fn == 2,

    if exist('data2','var')

        data = data2;

    end

else

    error('function dll_video: fn must be either 1 or 2');

end

%

if strcmp(control, 'initialize'),

    [data] = dll_video__initialize(varargin);

    data.sec7 = 0;

elseif strcmp(control,'exist'),

    if exist('data','var'),

        one = 1;

    else

        one = 0;

    end

elseif strcmp(control, 'set_tslice'),

    [data.tslice_frames, data.over_sec] = tslice_conversion(varargin{1}, data.fps);

elseif strcmp(control,'size'),

    one = data.rows;

    two = data.cols;

    three = data.fps;

    four = data.durration;

    % if demanding 7-second length, return that length instead of actual

    % length.

    if data.sec7 == 1,

        four = 7;

    end

elseif strcmp(control,'fps'),

    one = data.fps;

elseif strcmp(control,'get_video_standard'),

    one = data.video_standard;

elseif strcmp(control,'set_rewind'),

    data.rewind_curr_frame = data.curr_frame;

    data.rewind_overby = data.overby;

elseif strcmp(control,'rewind'),

    data.curr_frame = data.rewind_curr_frame;

    data.overby = data.rewind_overby;

elseif strcmp(control,'discard'),

    [tslice_frames, over_sec] = tslice_conversion(varargin{1}, data.fps);

    data.curr_frame = data.curr_frame + tslice_frames;

    data.overby = data.overby + over_sec;

    if data.overby >= 1.0,

        data.curr_frame = data.curr_frame - 1;

        data.overby = data.overby - 1.0;

    end

elseif strcmp(control, 'tslice'),

    if length(varargin) == 0,

        [one, two, three, data] = dll_video__next_tslice(data);

    elseif length(varargin) == 1,

        [one, two, three, data] = dll_video__next_tslice(data, varargin{1});

    else

        error('not sure what the second argument is!?!');

    end

elseif strcmp(control,'peek'),

    [one] = dll_video__peek_tslice(data, varargin{1}, varargin{2});

elseif strcmp(control, 'sec'),

    if nargout == 1,

        [one, data] = dll_video__next_tslice(data, varargin{1}, varargin{2}, 0);

    else

        [one, two, three, data] = dll_video__next_tslice(data, varargin{1}, varargin{2}, 1);

    end

elseif strcmp(control, 'total_frames'),

    one = data.total_frames - data.curr_frame + 1;

elseif strcmp(control, 'total_sec'),

    one = (data.total_frames - data.curr_frame + 1) / data.fps;

elseif strcmp(control, 'delay_8s'),

    delay_value = varargin{1};

    % can't have delays beyond +/- 0.2

    % leave one extra at end for re-framing

    delay_value = min(round(0.2 * data.fps)-1, delay_value);

    delay_value = max(round(-0.2 * data.fps), delay_value);

    % initialize processed video segment to be used: 7 sec + 1frame for

    % re-framing

    data.curr_frame = round(0.8 * data.fps) + 1 + delay_value;

    data.rewind_curr_frame = data.curr_frame;

    data.overby = 0;

    data.sec7 = 1;

    % set return code.  See help above.

    if data.durration < 8,

        one = 2;

    elseif data.durration > 8,

        one = 1;

    else

        one = 0;

    end

else

    error('function dll_video:  control value not recognized');

end

% copy back to persistent variable

if fn == 1,

    data1 = data;

elseif fn == 2,

    data2 = data;

end

%%%%%%%%%%%%%%%%%%%%%%%%

function [data] = dll_video__initialize(list);

% Organize all of the data that will be needed.

data.file_name = list{1};

data.file_type = list{2};

data.video_standard = list{3};

data.curr_frame = 1;

data.overby = 0;

if strcmp(data.file_type,'uyvy'),

    data.rows = list{4};

    data.cols = list{5};

    data.fps = list{6};

    fid = fopen(data.file_name,'r');

    fseek(fid,0, 'eof');

    data.total_frames = ftell(fid)./(data.rows*data.cols*2);

    fclose(fid);

else

    error('file type not recognized.  Use ''uyvy'' ');

end

data.durration = data.total_frames / data.fps;

%%%%%%%%%%%%%%%%%%%%%%%%

function [y] = dll_video__peek_tslice(data, reframe, durration);

if reframe ~=1 & reframe ~= 0,

    error('CALL WRONG -- go back & add reframing argument');

end

[tslice_frames, over_sec] = tslice_conversion(durration, data.fps);

start = data.curr_frame;

stop = data.curr_frame + tslice_frames + reframe - 1;

stop = min(stop, data.total_frames); % don't try to read past end of file!

if strcmp(data.file_type,'uyvy'),

    [y] = read_bigyuv(data.file_name, 'frames', start, stop,  ...

        '128','size',data.rows,data.cols);

end

%%%%%%%%%%%%%%%%%%%%%%%%

function [y, cb, cr, data ] = dll_video__next_tslice( data, reframe, durration, get_color);

% by default, get color & luminance

if nargin < 4,

    get_color = 1;

end

if nargin == 1,

    reframe = 0;

end

if reframe ~=1 & reframe ~= 0,

    error('CALL WRONG -- go back & add reframing argument');

end

% if optional 'durration' argument exists, override the default values for

% data.tslice_frames and data.over_sec.

if exist('durration', 'var'),

    [tslice_frames, over_sec] = tslice_conversion(durration, data.fps);

else

    tslice_frames = data.tslice_frames;

    over_sec = data.over_sec;

end

if tslice_frames == 0,

    error('Request made to read zero (0) frames of video.');

end

if strcmp(data.file_type,'uyvy'),

    % read video from file.

    if get_color,

        [y,cb,cr] = read_bigyuv(data.file_name, 'frames', data.curr_frame, ...

            data.curr_frame + tslice_frames + reframe - 1,  ...

            '128','size',data.rows,data.cols);

    else

        [y] = read_bigyuv(data.file_name, 'frames', data.curr_frame, ...

            data.curr_frame + tslice_frames + reframe - 1,  ...

            '128','size',data.rows,data.cols);

        cb=0;

        cr=0;

    end

end

% handle overlap

data.curr_frame = data.curr_frame + tslice_frames;

data.overby = data.overby + over_sec;

if data.overby >= 1.0,

    data.curr_frame = data.curr_frame - 1;

    data.overby = data.overby - 1.0;

end

% convert to double -- everything!

y = double(y);

if get_color,

    cb = double(cb);

    cr = double(cr);

end

if ~get_color,

    cb = data;

end

Function “filter_ati_random.m”


function ati = filter_ati_random(y, frames_wide, factor)

% FILTER_ATI_RANDOM

%  Compute absolute value, temporal information (ATI) filter.  Use a random

%  sub-sampling of pixels.

% SYNTAX

%  ati = filter_ati_random(y, frames_wide, factor);

% DEFINITION

%  Compute absolute value, temporal information (ATI) filter on a time-slice of

%  images.  Time-slice must include at least two images temporally!

%  Variable 'y'  must be a three dimensional time-slice (row,col,time); 

%

%  Do a 'frames_wide' wide ATI filter (e.g., 'frames_wide' = 2 to use

%  sequential images).  'factor' indicates the fraction of pixels to be used

%  where 0 < factor < 1.0

%

%  Returned variable 'ati' has dimensions (pixels, 1, time) and is

%  appropriate for use in image collapsing but not blocks (e.g.,

%  st_collapse.)

if frames_wide < 1,

    error('''frames_wide'' must be a positive integer');

end

if factor <= 0 | factor >= 1,

    error('''factor'' must be between zero and one');

end

[rows,cols,time] = size(y);

if time < frames_wide + 1;,

    error('ERROR:  Too few frames in time to compute ATI');

end

need = round(rows * cols * factor);

list_row = round(rand(1,need) * (rows) + 0.5);

list_col = round(rand(1,need) * (cols) + 0.5);

list = (list_col-1)*rows + list_row;

y = reshape(y, rows * cols, 1, time);

hold1 = y(list,1:time-frames_wide);

hold2 = y(list,frames_wide+1:time);

ati = abs(hold1 - hold2);

Function “filter_si_hv_adapt.m”


function [si, hv, hvb] = filter_si_hv_adapt(y, filter_size, extra, varargin)

% FILTER_SI_HV_ADAPT

%

%  Filters Y with the NxN gradient (c=2) filters described in SPIE 1999

%  paper.  Like funciton 'filter_si_hv', but can choose other than 13x13.

%

% SYNTAX

%

%  [SI] = filter_si_hv_adapt(Y, N, EXTRA)

%  [SI] = filter_si_hv_adapt(Y, N, EXTRA, rmin, theta)

%  [SI, HV, HVB] = filter_si_hv_adapt(...)

%

% DESCRIPTION

%

%  [SI] = filter_si_hv_adapt(Y, N, EXTRA)  Perceptually fiters liminence image Y using 

%  the NxN Horizontal and Vertical gradient filters in a fashion similar 

%  to the sobel filter.  Discard the filtered border, of width EXTRA, where

%  ( EXTRA >= floor(N/2) ).  Filter size, N, must be an odd number.

%

%  If Y is a 3 dimensional matrix, Y will be presumed to contain multiple

%  images as follows:  (row, col, time).  No execution time penalties occur.

%

%  [SI] = filter_si_hv(Y, N, EXTRA, rmin, theta)  allows the user to over ride

%  the default values for rmin and theta. 

%

%  [SI, HV, HVB] = filter_si_hv(...)  returns three perceptually fitered

%  versions of image Y:  the SI filtered image, the HV filtered image

%  (containing horiziontal & vertical edges) and the HVB image (containing

%  diagonal edges.)

%

% REMARKS

%

%  rmin defaults to 20, where pixels with a radius (i.e., SI value) less 

%  than rmin are set to zero in HV and HVB images.  

%

%  Theta defaults to 0.225 radians.  Theta is the maximum angle deviation 

%  from the H and V axis for pixels to be considered HV pixels.  

%

%  Returned images (SI, HV, and HVB) are the same size as Y; except that a

%  border of EXTRA pixels around the edge of each image is invalid.

%

if mod(filter_size,2) == 0,

    error('SI filter size must be an odd number');

end

% if pass in a time-slice of 2+ images, reshape into 2-D.

if ndims(y) == 3, 

    must_reshape = 1;

    [row_size, col_size, time_size] = size(y);

    y = reshape(y, row_size, col_size * time_size);   

elseif ndims(y) == 2,

    must_reshape = 0;

    [row_size, col_size, time_size] = size(y);

else

    error('Function ''filter_si_hv'' requires Y to be a 2-D or 3-D image');

end

%  Assign defaults

[row_size, col_size] = size(y);

rmin = 20;

theta = .225;

if (length(varargin) == 2);

    rmin = varargin{1};

    theta = varargin{2};

end

%

if row_size < filter_size | col_size < filter_size,

    error(sprintf('Function ''filter_si_hv'' requires images to be at least %dx%d', filter_size, filter_size));

end

% compute angle as a ratio of HV and HVbar.

ratio_threshold = tan(theta);

%  The weights for a single row of the H filter 

%  is given by: w(x) = k*(x/c)*exp{-(1/2)*(x/c)^2}, where x = {-6, -5, ..., 5, 6}, 

%  and k is a normalization constant chosen such that this filter produces the same 

%  amplitude response on an H V edge as the Sobel filter.

%  Generate the filter_size long filter mask, in one dimension.

filter_mask = filter_h(filter_size);

filter_mask = filter_mask(1,:);

%  Convolve mask with y in horizontal & vertical direction.

%  do two 1xfilter_size convolutions instead of one filter_sizexfilter_size, for speed.

horiz = conv2(y,filter_mask,'same');

horiz = conv2(horiz,ones(filter_size,1),'same');

vert = conv2(y,filter_mask','same');

vert = conv2(vert,ones(1,filter_size),'same');

% for debugging, comment in the below lines.

% h_in = horiz;

% v_in = vert;

% Construct SI image

si = sqrt(horiz.^2 + vert.^2);

% If use only wants to compute SI, skip HV & HVB.  If need be, reshape back

% into 3-D

if nargout == 1

    if must_reshape == 1,

        si = reshape(si,row_size,col_size/time_size,time_size);

    end

    si = si((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

    return;

end

% Start calculation of HV.

% We don't want to use atan2 (because that is slow) so we are going to

% compute the ratio between h & v, putting the smaller value on top and the

% larger value on the bottom.  Ignore divide by zero, because later code

% checking against rmin will catch that.  Essentially, fold angle into pi/4.

horiz = abs(horiz);

vert = abs(vert);

warning off MATLAB:divideByZero;

ratio = min(horiz,vert) ./ max(horiz,vert);

warning on MATLAB:divideByZero;

clear horiz vert;

% Split image into small values (set to 0) and HV versus HVbar areas.

find_below = find(ratio < ratio_threshold);

find_zeros = find(si <= rmin);

% Start generating HVbar image.  Zero out areas where SI is too small.

hvb = si;

hvb(find_zeros) = 0;

% Generate HV image.  Use HVbar image, so don't have to repeat the zeroing

% out of small SI values.  Then, zero out HV area.

hv = zeros(row_size,col_size);

hv(find_below) = hvb(find_below);

% Finnish generating HVbar image.  Zero out HVbar area.

hvb(find_below) = 0;

% if needed, reshape back into 3-D

if must_reshape == 1,

    si = reshape(si,row_size,col_size/time_size,time_size);

    hv = reshape(hv,row_size,col_size/time_size,time_size);

    hvb = reshape(hvb,row_size,col_size/time_size,time_size);

end

% take off invalid border around the edge.

    si = si((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

    hv = hv((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

    hvb = hvb((extra+1):row_size-extra,(extra+1):col_size/time_size-extra,:);

function h = filter_h(l)

%  H = FILTER_H(L)

%  Returns a horizontal bandpass filter H (like Figure 27 left, in NTIA

%  Report 02-392) given the filter width L as input.  L must be an odd

%  positive integer greater than or equal to 3.  The vertical bandpass 

%  filter is the transpose of this H filter.

%

%  The weights for a single row of the H filter are given by: 

%  w(x) = k*(x/c)*exp{-(1/2)*(x/c)^2}, where x = {-m, -(m-1), ..., 0, ..., m-1, m}, 

%  m = (L-1)/2, and k is a normalization constant chosen such that the filter produces 

%  the same amplitude response on a vertical edge as the Sobel filter.

%

%  For the reference 13 x 13 filter, L = 13 and C = 2.  For other filter sizes, C

%  is scaled appropriately, e.g.,

%  for the scaled 9 x 9 filter, L = 9, C = 4/3.

%  for the corresponding 5 x 5 filter, L = 5, C = 2/3.

%

%  Generate the H filter masks

m = (l-1)/2;  % half filter width

c = 2.0*m/6;  % c = 2 for m = 6, the reference filter

x = -m:m;

h1 = (x/c).*exp(-(1/2)*(x/c).^2);

h = repmat(h1,l,1);

%  Normalize for Sobel filter energy

h = h./(sum(sum(abs(h)))/8);

Function “join_into_frames.m”


function [y] = join_into_frames(one, two)

% JOIN_INTO_FRAMES

%  Join two fields into one frame.

% SYNTAX

%  [y] = join_into_frames(one, two);

% DESCRIPTION

%  Create frame 'y' from field one ('one') and field two ('two').  Field two

%  contains the top line of the image; field one contains the second line

%  of the image.  For NTSC, field one occurs before field two in time.  For

%  PAL, the reverse is the case.  Y can be a time-slice of frames.

%

%  If image 'one' and 'two' are not identically sized, then an error will occur.

%  See also function 'split_into_fields'

[row, col, time] = size(one);

[row2, col2, time2] = size(two);

if row ~= row2 || col ~= col2 || time ~= time2,

    error('two fields must be identically sized to be joined into a frame');

end

y(1,:,:,:) = two;

y(2,:,:,:) = one;

y = reshape(y, row*2, col, time);

Function “max_filterw.m”


function [result] = max_filterw(feat,w)

% MAX_FILTERW

%   Perform a max filter of width 'w' on one or more 1-D arrays.

% SYNTAX

%   [result] = max_filterw(feat,w)

% DESCRIPTION

%  'feat' is either a 1-dimension array, where the first dimension contains 

%         the data (i.e., a column vector), or a 2-dimension array, in which 

%         case the function operates independently on each column.  Put

%         another way, 'feat' is either a column vector or a matrix of column

%         vectors.

%  'w' is the filter width, which must be odd. 

% 

%  Each point is replaced by the maximum of itself and the adjacent points

%  (in that column) +/- ((w-1)/2) neighboring points on either side.  This is

%  aplied to each column vector independently.  At the end points, zero

%  buffering is used (e.g., the beginning point presumes that zeros occured

%  previously). 

if mod(w,2) == 0 | w <= 1,

    error('Argument ''w'' must be an odd number greater than one');

end

[nr,nc] = size(feat);

% mat0 holds the zero padded, centered array

mat0 = zeros(nr+(w-1),nc);

mat0(1+floor(w/2):nr+floor(w/2),:) = feat;

% do negative shifts

result = mat0;

for i = -1:-1:-1*floor(w/2)

    result = max(result,circshift(mat0,i));

end

% do positive shifts

for i = 1:floor(w/2)

    result = max(result,circshift(mat0,i));

end

result = result(1+floor(w/2):nr+floor(w/2),:);

Function “model_fastlowbw_features.m”


function [si_std hv_ratio y_mean cb_mean cr_mean ati_rms] = ...

    model_fastlowbw_features (mode, one, two, three, four, five, six);

% MODEL_fastlowbw_features

%   Compute the original features for the ITS fast low bandwidth model.

% SYNTAX

%   model_fastlowbw_features ('memory',  y, cb, cr, fps, filter_size, extra);

% 

%   [si_std, hv_ratio, y_mean, cb_mean, cr_mean, ati_rms] = ...

%       model_fastlowbw_features ('eof');

%

%   model_fastlowbw_features ('clear');

% DESCRIPTION

%   When the first argument is the string 'memory', this function takes one

%   second (EXACTLY) of video already in memory, in the YCbCr colorspace

%   (y, cb, and cr respectively).  All three variables are formatted

%   (row,col,time); and (fps) is the number of frames per second (e.g.,

%   29.97, 30, 25, 15, etc).  'filter_size' and 'extra' are from function

%   'adaptive_filter' when given the current image size.

%   Size of y, cb, & cr spatially should be exactly ROI returned by

%   function model_lowbw_sroi.  See 'eof. 

%

%   When the first argument is the string 'eof', this function completes

%   the feature calculations, empties internal buffers, and returns the

%   feature stream.  See 'memory'.

%

%   When the first argument is the string 'clear', all internall bufferes

%   are emptied.  This is done when 'eof' is called, also.  

%

%   Warning:  uses 1 set of internal buffers, so don't mix sequences.  

%

%   Return variables when called with 'eof' are the six feature streams:

%   - si_std containing standard deviation of the spatial information (SI)

%   - hv_ratio containing the ratio of HV to HVbar energy

%   - cb_mean containing the average Cb value

%   - cr_mean containing the averge Cr value

%   - ati_rms containing the root mean squared of absolute value of

%     temporal information (TI)

persistent hold_si_std;

persistent hold_hv_ratio;

persistent hold_y_mean;

persistent hold_cb_mean;

persistent hold_cr_mean;

persistent hold_ati_rms;

persistent buffer_y;

if strcmpi(mode,'memory') && nargin == 7,

    tis_sec = 0.2;

    [tis_frames] = tslice_conversion(tis_sec, four);

    [si_std hv_ratio y_mean cb_mean cr_mean ati_rms] = ...

        model_fastlowbw_features_memory (one, two, three, four, buffer_y, five, six);

    if length(hold_si_std) == 0,

        hold_si_std = si_std;

        hold_hv_ratio = hv_ratio;

        hold_y_mean = y_mean;

        hold_cb_mean = cb_mean;

        hold_cr_mean = cr_mean;

        hold_ati_rms = ati_rms;

    else

        [row,col,time1] = size(hold_si_std);

        hold_si_std(:,:,time1+1) = si_std;

        hold_hv_ratio(:,:,time1+1) = hv_ratio;

        hold_y_mean(:,:,time1+1) = y_mean;

        hold_cb_mean(:,:,time1+1) = cb_mean;

        hold_cr_mean(:,:,time1+1) = cr_mean;

        [row,col,time1] = size(hold_ati_rms);

        [row,col,time2] = size(ati_rms);

        hold_ati_rms(:,:,time1+1:time1+time2) = ati_rms;

    end

    [row,col,time] = size(one);

    buffer_y = one(:,:,(time-tis_frames+1):time);

elseif strcmpi(mode,'eof') && nargin == 1,

    si_std = hold_si_std;

    hv_ratio = hold_hv_ratio;

    y_mean = hold_y_mean;

    cb_mean = hold_cb_mean;

    cr_mean = hold_cr_mean;

    ati_rms = hold_ati_rms;

    model_fastlowbw_features('clear');

elseif strcmpi(mode,'clear'),

    hold_si_std = [];

    hold_hv_ratio = [];

    hold_y_mean = [];

    hold_cb_mean = [];

    hold_cr_mean = [];

    hold_ati_rms = [];

    buffer_y = [];

else

    error('argument list not recognized');

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [si_std hv_ratio y_mean cb_mean cr_mean ati_rms] = ...

    model_fastlowbw_features_memory (y, cb, cr, fps, buffer_y, filter_size, extra);

HV_THRESHOLD = 4.0;

tis_sec = 0.2;

[tis_frames] = tslice_conversion(tis_sec, fps);

% loop through video

tslice_frames = round(fps);

ati_curr = 1;

[row,col,time] = size(y);

rng1 = (extra+1):(row-extra);

rng2 = (extra+1):(col-extra);

% Calculate features.

ym = mean(y,3);

[si, hv, hvb] = filter_si_hv_adapt(ym, filter_size, extra);

[si_std] = block_statistic(si, 30, 30, 'std');

[hv_mean] = block_statistic(hv, 30, 30, 'mean');

[hvb_mean] = block_statistic(hvb, 30, 30, 'mean');

[r,c,t] = size(y);

[y_mean] = block_statistic(ym(rng1, rng2, :), 30, 30, 'mean');

clear si hv hvb;

% Compute Cb, Cr

[cb_mean] = block_statistic(cb(rng1,rng2,:), 30, 30, 'mean');

[cr_mean] = block_statistic(cr(rng1,rng2,:), 30, 30, 'mean');

% compute YCbCr 0.2s ATI on frames

t1 = 0;

if length(buffer_y) > 0,

    [r,c,t1] = size(buffer_y);

    [r,c,t2] = size(y);

    ati_y(:,:,1:t1) = buffer_y(rng1,rng2,:);

    ati_y(:,:,t1+1:t1+t2) = y(rng1,rng2,:);

else

    ati_y = y;

end

% use 5% of pixels, randomly chosen

ati_y = filter_ati_random(ati_y, tis_frames, 0.05);

% have time-differences; now compute ATI

[rowcol,time] = size(ati_y);

for cnt = 1:time,

    ati_rms(1,1,ati_curr) = block_statistic( ati_y(:,cnt), rowcol, 1, 'rms');

    ati_curr = ati_curr + 1;

end

hv_ratio = max(HV_THRESHOLD, hv_mean) ./ max(HV_THRESHOLD, hvb_mean);

Function “model_fastlowbw_features_shift.m”


function [data] = model_fastlowbw_features_shift (mode, one, two, three, four, five, six);

% model_fastlowbw_features_shift

%   Compute the processed features for the ITS fast low bandwidth model.

% SYNTAX

%   model_fastlowbw_features_shift ('memory',  y, cb, cr, fps, filter_size, extra)

%   [data] = model_fastlowbw_features_shift ('eof')

%   model_fastlowbw_features_shift ('clear')

% DESCRIPTION

%   When the first argument is the string 'memory', this function takes one

%   second (EXACTLY) of video already in memory, in the YCbCr colorspace

%   (y, cb, and cr respectively).  All three variables are formatted

%   (row,col,time); and (fps) is the number of frames per second (e.g.,

%   29.97, 30, 25, 15, etc).  'filter_size' and 'extra' are from function

%   'adaptive_filter' when given the current image size.

%   Size of y, cb, & cr spatially should be exactly ROI returned by

%   function model_lowbw_sroi.  See 'eof. 

%

%   When the first argument is the string 'eof', this function completes

%   the feature calculations, empties internal buffers, and returns the

%   feature stream.  See 'memory'.

%

%   When the first argument is the string 'clear', the internal buffers are

%   emptied.  This is done when called with 'eof', also. 

%

%   Warning:  uses 1 set of internal buffers, so don't mix sequences.  

%

%   Return value 'data' is contains for each of the 9 pixel shifts --

%   data(1) .. data(9) -- the following features as structure elements:

%           si_std hv_ratio y_mean cb_mean cr_mean ati_rms

%   See function model_fastlowbw_features for a brief description of each

%   element in this structure.  

persistent buffer;

persistent buffer_y;

BSIZE = 30;

if strcmpi(mode,'memory') && nargin == 7,

    tis_sec = 0.2;

    [tis_frames] = tslice_conversion(tis_sec, four);

    [curr] = ...

        model_fastlowbw_features_memory (one, two, three, four, buffer_y, five, six, BSIZE);

    if length(buffer) == 0,

        buffer = curr;

    else

        [row,col,time1] = size(buffer(1).si_std);

        [row,col,time2] = size(buffer(1).ati_rms);

        [row,col,time3] = size(curr(1).ati_rms);

        for loop = 1:9,

            buffer(loop).si_std(:,:,time1+1) = curr(loop).si_std;

            buffer(loop).hv_ratio(:,:,time1+1) = curr(loop).hv_ratio;

            buffer(loop).y_mean(:,:,time1+1) = curr(loop).y_mean;

            buffer(loop).cb_mean(:,:,time1+1) = curr(loop).cb_mean;

            buffer(loop).cr_mean(:,:,time1+1) = curr(loop).cr_mean;

            buffer(loop).ati_rms(:,:,time2+1:time2+time3) = curr(loop).ati_rms;

        end

    end

    [row,col,time] = size(one);

    buffer_y = one(:,:,(time-tis_frames+1):time);

elseif strcmpi(mode,'eof') && nargin == 1,

    data = buffer;

    model_fastlowbw_features_shift('clear');

elseif strcmpi(mode,'clear'),

    buffer = [];

    buffer_y = [];

else

    error('argument list not recognized');

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [curr] = ...

    model_fastlowbw_features_memory (y, cb, cr, fps, buffer_y, filter_size, extra, BSIZE);

HV_THRESHOLD = 4.0;

tis_sec = 0.2;

[tis_frames] = tslice_conversion(tis_sec, fps);

% loop through video

tslice_frames = round(fps);

ati_curr = 1;

[row,col,time] = size(y);

rng1 = (extra+1):(row-extra);

rng2 = (extra+1):(col-extra);

% Calculate features.

ym = mean(y,3);

[si, hv, hvb] = filter_si_hv_adapt(ym, filter_size, extra); 

si_std = block_statistic_shift(si, BSIZE, BSIZE, 'std');

hv_mean = block_statistic_shift(hv, BSIZE, BSIZE, 'mean');

hvb_mean = block_statistic_shift(hvb, BSIZE, BSIZE, 'mean');

y_mean = block_statistic_shift(ym(rng1,rng2,:), BSIZE, BSIZE, 'mean');

cb_mean = block_statistic_shift(cb(rng1,rng2,:), BSIZE, BSIZE, 'mean');

cr_mean = block_statistic_shift(cr(rng1,rng2,:), BSIZE, BSIZE, 'mean');

clear si hv hvb;

for loop = 1:9,

    curr(loop).si_std = si_std(loop).std;

    curr(loop).hv_mean = hv_mean(loop).mean;

    curr(loop).hvb_mean = hvb_mean(loop).mean;

    curr(loop).y_mean = y_mean(loop).mean;

    curr(loop).cb_mean = cb_mean(loop).mean;

    curr(loop).cr_mean = cr_mean(loop).mean;

end

% compute Y 0.2s ATI on frames

t1 = 0;

if length(buffer_y) > 0,

    [r,c,t1] = size(buffer_y);

    [r,c,t2] = size(y);

    ati_y(:,:,1:t1) = buffer_y(rng1,rng2,:);

    ati_y(:,:,t1+1:t1+t2) = y(rng1,rng2,:);

else

    ati_y = y;

end

% use 5% of pixels, randomly chosen

ati_y = filter_ati_random(ati_y, tis_frames, 0.05);

% have time-differences; now compute ATI

[rowcol,time] = size(ati_y);

for cnt = 1:time,

    hold = block_statistic( ati_y(:,cnt), rowcol, 1, 'rms');

    for loop = 1:length(curr),

        curr(loop).ati_rms(1,1,ati_curr) = hold;

    end

    ati_curr = ati_curr + 1;

end

for loop = 1:length(curr),

    curr(loop).hv_ratio = max(HV_THRESHOLD, curr(loop).hv_mean) ...

        ./ max(HV_THRESHOLD, curr(loop).hvb_mean);

end

Function “model_fastlowbw_parameters.m”


function [vqm, hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

    color_comb_par, noise_par, error_par] = model_fastlowbw_parameters (...

    si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

    si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

    fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

    part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

    part_ati, code_ati, do_test_print, TIME_DELTA);

% MODEL_FASTLOWBW_PARAMETERS

%     Compute Fast Low Bandwidth model from original and processed

%     features.  

%

%     Each Video Quality Metric (VQM) prediction of the FastLowBandwidth model

%     uses the previous 'time_delta' seconds of video.  The model slides

%     along the time-history of features (i.e., overlapping in time) to yield 

%     a continuous time-history of VQM, each based on the previous

%     'time_delta' seconds of video.  

% SYNTAX

% [vqm, hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

%     color_comb_par, noise_par, error_par] = model_fastlowbw_parameters (...

%     si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

%     si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

%     fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

%     part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

%     part_ati, code_ati, do_test_print);

% [vqm, hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

%     color_comb_par, noise_par, error_par] = model_fastlowbw_parameters (...

%     si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

%     si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

%     fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

%     part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

%     part_ati, code_ati, do_test_print, TIME_DELTA);

% DESCRIPTION

%  See model_fastlowbw_features.m for description of original features

%  variables ( si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig )

%

%  See model_fastlowbw_features_shift.m for description of processed

%  feature variables ( si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc )

%

%  See model_lowbw_compression.m for description of input variables

%  relating to compression (part_si_min through code_ati)

%

%  'fps' is the frame rate of the video

%  'do_test_print' is 1 to print information and 0 typically.

%  'time_delta' is the number of seconds of video used to compute the

%               FastLowBandwidth model.  If you want a single prediction

%               instead of a continuous history of values, then

%               'time_delta' should be the length of the video sequence in

%               seconds, rounded down (e.g., the 3rd dimension of si_orig). 

%               'time_delta' defaults to ten seconds (10).  This is the

%               recommended value.  'time_delta' should never be greater

%               than 30 seconds, because different perceptual decisions

%               apply to longer sequences (e.g., recency effects) and the

%               FastLowBandwidth model does not take those factors into

%               account. 

%  

%   Return values are as follows.  Each is a continuous time-history of

%   model predictions, one per second, starting at 1-second.  The values

%   from seconds 1 through 4 aren't worth much, since it is questionable

%   (perceptually speaking) to rate the quality of a very short video

%   sequence.  If you want a single prediction for an entire short video

%   sequence (e.g., 5 to 30 seconds), then use the last value in each of

%   these arrays and discard the prior values.  

%   'vqm' is the FastLowBandwidth model's video quality prediction.

%   The other return values ( 'hv_loss_par', 'hv_gain_par', 'si_loss_par'

%   'si_gain_par', 'color_comb_par', 'noise_par', and 'error_par') 

%   are the seven parameters.  The model weights are applied to the

%   parameters already, so that you can sum up these values to get 'vqm'.

%   Thus, the weighted parameter values indicate the perceptual impact of

%   each parameter on the viewer (e.g., how much of the quality drop was

%   due to that factor).

if ~exist('TIME_DELTA'),

    TIME_DELTA = 10;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Calculate parameters 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

[hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

    color_comb_par, noise_par, error_par] = calc_parameters (...

    si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

    si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

    fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

    part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

    part_ati, code_ati, TIME_DELTA);

% clear extra variables

clear ati_orig ati_proc cb_orig cb_proc col cr_orig cr_proc hv_feat_orig;

clear hv_feat_proc part_ati part_ati_max part_ati_min part_c part_c_max;

clear part_c_min part_hv_max part_hv_min part_si_max part_si_min;

clear range row si_orig si_proc y_orig y_orig2 y_proc y_proc2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Fix results   

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

hv_loss_par = [hv_loss_par(1) hv_loss_par'];

hv_gain_par = [hv_gain_par(1) hv_gain_par'];

si_loss_par = [si_loss_par(1) si_loss_par'];

color_comb_par = [color_comb_par(1) color_comb_par'];

% si_gain, noise_par, & error_par don't need a fix -- no macro blocks!

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Calculate VQM     

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if do_test_print,

    % for testing purposes only!

    fprintf('print out parameters & VQM for testing\n');

    save raw_pars.mat hv_loss_par hv_gain_par si_loss_par si_gain_par color_comb_par noise_par error_par;

end

% ***Weights updated

DC_WEIGHT = 0.0;

HV_LOSS_WEIGHT = 0.38317338378290;

HV_GAIN_WEIGHT = 0.37313218013131;

SI_LOSS_WEIGHT = 0.58033514546526;

SI_GAIN_WEIGHT = 0.95845512360511;

COLOR_WEIGHT = 1.07581708014998;

NOISE_WEIGHT = 0.17693274495002;

ERROR_WEIGHT = 0.02535903906351;

% upsample (1 sample per sec --> 2 samples per sec) and  weight each parameter.

hv_loss_par = my_interp(2, hv_loss_par) * HV_LOSS_WEIGHT;

hv_gain_par = my_interp(2, hv_gain_par) * HV_GAIN_WEIGHT;

si_loss_par = my_interp(2, si_loss_par) * SI_LOSS_WEIGHT;

si_gain_par = my_interp(2, si_gain_par) * SI_GAIN_WEIGHT;

color_comb_par = my_interp(2, color_comb_par) * COLOR_WEIGHT;

noise_par = noise_par * NOISE_WEIGHT;

error_par = error_par * ERROR_WEIGHT;

% clear a few variables

clear *par1 *par2 *orig *proc;

clear col video_dir ans code_ati oclip otest part* range row time;

% Even out lengths, if needed.  This should never happen if the video

% sequences are 1-minute long each.

hold = [length(hv_loss_par) length(hv_gain_par) length(si_loss_par) length(si_gain_par) ...

    length(color_comb_par) length(noise_par) length(error_par)];

if min(hold) ~= max(hold),

%    fprintf('WARNING:  time-length of features being rectified\n');

    hold = min(hold);

    hv_loss_par = hv_loss_par(1:hold);

    hv_gain_par = hv_gain_par(1:hold);

    si_loss_par = si_loss_par(1:hold);

    si_gain_par = si_gain_par(1:hold);

    color_comb_par = color_comb_par(1:hold);

    noise_par = noise_par(1:hold);

    error_par = error_par(1:hold);

end

%  Final VQM has clipping at low end and crushing at high end

vqm = DC_WEIGHT + hv_loss_par + hv_gain_par + si_loss_par + si_gain_par + ...

    color_comb_par + noise_par + error_par;

% Clip VQM for values less than zero

vqm(find(vqm < 0)) = 0.0;  % No quality improvements allowed

% Compress VQM values greater than 1 using standard crushing function

c = 0.5;

crush = find(vqm > 1);

vqm(crush) = (1 + c)*vqm(crush) ./ (c + vqm(crush));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [data2] = my_interp(times, data1);

% perform upsampling (1 sample per second to 2 samples per second)

% put extra sample at the beginning (a repeat of the first sample) rather

% than at the end.

if times ~= 2,

    error('Only implemented for 2');

end

hold = length(data1);

data2(1) = data1(1);

data2(2:2:hold*2,1) = data1;

data2(3:2:hold*2,1) = ( data1(2:hold) + data1(1:hold-1) ) / 2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [hv_loss_par, hv_gain_par,si_loss_par, si_gain_par, ...

    color_comb_par, noise_par, error_par] = calc_parameters (...

    si_proc, hv_feat_proc, y_proc, cb_proc, cr_proc, ati_proc, ...

    si_orig, hv_feat_orig, y_orig, cb_orig, cr_orig, ati_orig, ...

    fps, part_si_min, part_si_max, part_hv_min, part_hv_max, ...

    part_c_min, part_c_max, part_c, part_ati_min, part_ati_max, ...

    part_ati, code_ati, TIME_DELTA);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Model calculation.  Change from collapse all frames, to running-collapse

% of TIME_DELTA seconds at once.  Remove multiple-clip functionality.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

ATI_SEC = 0.2; % width of ATI time-difference

ATI_WIDTH  = tslice_conversion (ATI_SEC, fps);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% HV loss and gain parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Zero parameter values whose hv_feat_orig < part_hv(1)

hvgain_low = find(hv_feat_orig < part_hv_min);

% 0.435 > part_hv(1), better quantizing threshold for hv_loss

hvloss_low = find(hv_feat_orig < 0.435);  

% Zero parameter values whose hv_feat_orig > part_hv(code_hv_size-1)

hvloss_high = find(hv_feat_orig > part_hv_max);

% 1.90 < hv_part(code_hv_size-1), better quantizing threshold for hv_gain

hvgain_high = find(hv_feat_orig > 1.90);  

% Implement the hv_loss block parameter

hv_loss = (hv_feat_proc-hv_feat_orig)./hv_feat_orig;  % ratio loss calculation

hv_loss = min(hv_loss,0);  % negative part calculation

hv_loss(hvloss_low) = 0.0;

hv_loss(hvloss_high) = 0.0;

% Implement the hv_gain block parameter

hv_gain = log10(hv_feat_proc./hv_feat_orig);  % log10 gain calculation

hv_gain = max(hv_gain,0);  % positive part calculation

hv_gain(hvgain_low) = 0.0;

hv_gain(hvgain_high) = 0.0;

% Calculate the si_weight function.  If low spatial detail, reduce weight:

% Linear weight reduction, weight goes from weight_low to 1 as spatial goes

% from a to b

[frows,fcols,ftime] = size(si_orig);

si_weight = ones(frows, fcols, ftime);

weight_low = 0;

a = 5;

b = 25;

weight_low_slope = (1-weight_low)/(b-a);

si_weight(find(si_orig < a)) = weight_low;

low = find(si_orig >= a & si_orig < b);

si_weight(low) = weight_low_slope*(si_orig(low)-a) + weight_low;

hv_loss = hv_loss.*si_weight;

clear si_weight;

    % Pick off the valid region for this clip, using same rules as

    % read_feature.

    hv_loss_par_clip = squeeze(hv_loss(:,:,:));

    hv_gain_par_clip = squeeze(hv_gain(:,:,:));

    % y weighting function by macroblocks for less bandwidth

    weight_high = 0;

    c = 175;

    d = 255;

    weight_high_slope = (weight_high-1)/(d-c);

    y_orig_clip = squeeze(y_orig(:,:,:));

    [pr, pc, pt] = size(y_orig_clip);  

    y_weight = ones(pr, pc, pt);

    % Quantize y_orig average macroblock values which will be RR info

    high = find(y_orig_clip > c & y_orig_clip <= d);

    y_weight(high) = weight_high_slope*(y_orig_clip(high)-c) + 1;

    y_weight(find(y_orig_clip > d)) = weight_high;

    % OMB(3,3,2)below1%_minkowski(1,1.5) for hv_loss

    hv_loss_par_clip = hv_loss_par_clip.*y_weight;

    hv_loss_par_clip = st_collapse('below1%', hv_loss_par_clip, 'OverlapMacroBlock', 3, 3, 2);

    hv_loss_par_clip = running_collapse ('minkowski(1,1.5)', hv_loss_par_clip, TIME_DELTA-1, '3D');

    hv_loss_par = hv_loss_par_clip;

    % OMB(3,3,2)above99%_minkowski(1.5,3) for hv_gain

    hv_gain_par_clip = hv_gain_par_clip.*y_weight;

    % Clip the low end and subtract this clipping level

    hv_gain_par_clip = max(hv_gain_par_clip, 0.06) - 0.06;

    hv_gain_par_clip = st_collapse('above99%', hv_gain_par_clip, 'OverlapMacroBlock', 3, 3, 2);

    hv_gain_par_clip = running_collapse ('minkowski(1.5,3)', hv_gain_par_clip, TIME_DELTA-1, '3D');

    hv_gain_par = hv_gain_par_clip;

clear hv_loss hv_gain y_orig;

% Clip the low end of hv_loss and subtract this clipping level

hv_loss_clip = 0.08;

hv_loss_par = max(hv_loss_par, hv_loss_clip) - hv_loss_clip;

% Compress hv_gain values greater than training using crushing function.

% High clipping level of 0.75 is approximately the maximum from the

% training data. 

hv_gain_max = 0.75;  % from training data

crush_hv = find(hv_gain_par > hv_gain_max);  % these values will be crushed

hv_gain_par(crush_hv) = (hv_gain_max + 0.25)*hv_gain_par(crush_hv) ./ (0.25 + hv_gain_par(crush_hv));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%  SI loss and gain parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

si_t = part_si_min;  % si clipping threshold

% Parameters outside of the si_orig quantizer range will be zeroed.

si_high = find(si_orig > part_si_max);

%  Clip si at low end

si_proc = max(si_proc,si_t);

si_orig = max(si_orig,si_t);

% Implement the si_loss parameter

si_loss = (si_proc-si_orig)./si_orig;  % ratio loss calculation

si_loss = min(si_loss,0);  % negative part calculation

si_loss(si_high) = 0.0;

% Implement the si_gain parameter

si_gain = log10(si_proc./si_orig);  % log gain calculation

si_gain = max(si_gain,0);  % positive part calculation

si_gain(si_high) = 0.0;

clear si_orig si_proc si_high;

    % Pick off the valid region for this clip, using same rules as

    % read_feature.

    si_loss_par_clip = squeeze(si_loss(:,:,:));

    si_gain_par_clip = squeeze(si_gain(:,:,:));

    % OMB(3,3,2)minkowski(1,2)_minkowski(1.5,2.5) for si_loss

    si_loss_par_clip = si_loss_par_clip.*y_weight;

    si_loss_par_clip = st_collapse('minkowski(1,2)', si_loss_par_clip, 'OverlapMacroBlock', 3, 3, 2);

    si_loss_par_clip = running_collapse ('minkowski(1.5,2.5)', si_loss_par_clip, TIME_DELTA-1, '3D');

    si_loss_par = si_loss_par_clip;

    % above95%tail_minkowski(1.5,2) for si_gain

    [pr, pc, pt] = size(si_gain_par_clip);  % Find size after picking off valid

    % Clip the low end and subtract this clipping level

    si_gain_par_clip = max(si_gain_par_clip, 0.1) - 0.1;

    si_gain_par_clip = st_collapse('above95%tail', reshape(si_gain_par_clip, pr*pc,pt));

    si_gain_par_clip = running_collapse ('minkowski(1.5,2)', si_gain_par_clip, TIME_DELTA, '3D');

    si_gain_par = si_gain_par_clip;

clear si_gain si_loss;

% Clip the low end of si_loss and subtract this clipping level

si_loss_clip = 0.12;

si_loss_par = max(si_loss_par, si_loss_clip) - si_loss_clip;

% Compress si_gain values greater than training using crushing function.

% High clipping level of 0.48 is approximately the maximum from the

% training data. 

si_gain_max = 0.48;  % from training data

crush_si = find(si_gain_par > si_gain_max);  % these values will be crushed

si_gain_par(crush_si) = (si_gain_max + 0.25)*si_gain_par(crush_si) ./ (0.25 + si_gain_par(crush_si));

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% color (Cb & Cr) parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Parameters outside of the quantizer ranges will be zeroed, including the 

% bin that quantizes to zero.

cb_zero_high = find(cb_orig <= part_c_min | cb_orig >= part_c_max | cb_orig == 0);

cb_orig(cb_zero_high) = 0.0;

cb_proc(cb_zero_high) = 0.0;

clear cb_zero__high;

cr_zero_high = find(cr_orig <= part_c_min | cr_orig >= part_c_max | cr_orig == 0);

cr_orig(cr_zero_high) = 0.0;

cr_proc(cr_zero_high) = 0.0;

clear cb_zero_high cr_zero_high;

% Color extreme parameter with modifications to Euclidean distance.

% Better distance measure for color extreme parameter.

p = 1.0;  % Normal Euclidean uses p = 2.0, this absolute diff works better

r = 0.5;

w = 1.5;

color_euclid = (abs(cb_proc-cb_orig).^p + (w*abs(cr_proc-cr_orig)).^p).^r;

clear cb_proc cr_proc cb_orig cr_orig;

    % Pick off the valid region for this clip, using same rules as

    % read_feature.

    color_extreme_par_clip = squeeze(color_euclid(:,:,:));

    color_spread_par_clip = color_extreme_par_clip;

    % OMB(3,3,2)above99%_minkowski(0.5,1) for color_extreme

    color_extreme_par_clip = st_collapse('above99%', color_extreme_par_clip, 'OverlapMacroBlock',3,3,2);

    color_extreme_par_clip = running_collapse ('minkowski(0.5,1)', ...

        color_extreme_par_clip, TIME_DELTA-1, '3D');

    color_extreme_par = color_extreme_par_clip;

    % OMB(3,3,2)minkowski(2,4)_90% for color_spread

    color_spread_par_clip = st_collapse('minkowski(2,4)', color_spread_par_clip,...

        'OverlapMacroBlock',3,3,2);

    color_spread_par_clip = running_collapse ('90%', color_spread_par_clip,...

        TIME_DELTA-1, '3D');

    color_spread_par = color_spread_par_clip;

clear color_euclid;

% compute the color combination parameter

color_comb_par = -0.617958*color_spread_par + 0.691686*color_extreme_par;

%  Clip the color combination parameter

color_comb_clip = 0.114;

color_comb_par = max(color_comb_par, color_comb_clip) - color_comb_clip;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% ATI parameters

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

ati_nt = part_ati(24);  % ati clipping threshold for noise, approximately 5

ati_et = part_ati(57);  % ati clipping threshold for error, approximately 12

% Clip processed features if they exceed the maximum quantizer value

code_ati_size = size(code_ati,2);

ati_proc(find(ati_proc > part_ati(code_ati_size-1))) = code_ati(code_ati_size);

% Do the ATI parameters at each temporal alignment from plus to minus 0.4 seconds.

try_num = 0;

ati_search = floor(ceil(fps) * 0.4);

whole_length = min(length(ati_proc), length(ati_orig));

ati_proc = ati_proc((ati_search+1):(whole_length-ati_search));

whole_ati_orig = ati_orig;

for try_time = -ati_search:ati_search,

    try_num = try_num + 1;

    clear ati_nproc ati_norig;

    ati_orig = whole_ati_orig((ati_search+1+try_time):(whole_length-ati_search+try_time));

    %  Clip ati at low end for noise calculation

    ati_nproc = max(ati_proc,ati_nt);

    ati_norig = max(ati_orig,ati_nt);

    % Implement the ati gain parameter that will be used for noise

    ati_ngain = (ati_nproc-ati_norig)./ati_norig;  % ratio gain calculation

    ati_ngain = max(ati_ngain,0);  % positive part calculation

    % between25%50% for noise_par

    noise_par_clip = running_collapse ('between25%50%', ati_ngain, ...

        TIME_DELTA * ceil(fps) - ATI_WIDTH, '3D');

    % pick off samples, one every half second

    pattern = ceil( length(noise_par_clip):-ceil(fps)/2:1 );

    % reverse order & extend each end by one.

    pattern = [ pattern(length(pattern)) pattern(length(pattern):-1:1) pattern(1)];

    % error check the length of pattern.  This code will only be triggered

    % if some really strange frame rate is chosen.  Then, instead of adding

    % up to exactly 1sec, the discards might round to a different number.

    if ftime * 2 ~= length(pattern),

        while length(pattern) < ftime * 2,

            pattern = [ pattern(1) pattern ];

        end

        while length(pattern) > ftime * 2,

            pattern = pattern(2:length(pattern));

        end

    end

    noise_par(:,try_num) = noise_par_clip(pattern);

    % Set-up to calculate the error parameter

    this_proc = ati_proc;

    this_orig = ati_orig;

    % 7-point Max filter

    this_proc = max_filterw(squeeze(this_proc),7);

    this_orig = max_filterw(squeeze(this_orig),7);

    %  Clip ati at low end for error calculation

    this_proc = max(this_proc,ati_et);

    this_orig = max(this_orig,ati_et);

    % Implement the ati gain parameter that will be used for errors

    ati_egain = (this_proc-this_orig)./this_orig;  % ratio gain calculation

    ati_egain = max(ati_egain,0);  % positive part calculation

    % above90% for error_par

    error_par_clip = running_collapse ('above90%', ati_egain, TIME_DELTA * ceil(fps) - ATI_WIDTH, '3D');

    error_par(:,try_num) = error_par_clip(pattern);

end

% Take minimum at each point in time of the temporal shifts

noise_par = min(noise_par')';

error_par = min(error_par')';

clear ati_nproc ati_norig;

clear ati_ngain ati_proc ati_orig;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [dataout] = macro_interp(datain);

%  Takes an input 3d array dimensioned as (r,c,t) and adds interpolated 

%  time samples halfway between.  So the output array will have dimension 

%  (r,c,2t-1).

[r,c,t] = size(datain);

dataout = zeros(r,c,2*t-1);

for i = 1:2*t-1

    if (floor(i/2) == i/2) % interpolate

        dataout(:,:,i) = (datain(:,:,i/2)+datain(:,:,1+i/2))/2;

    else % don't interpolate

        dataout(:,:,i) = datain(:,:,(i+1)/2);

    end

end

Function “model_lowbw_compression.m”


function [si_orig, part_si_min, part_si_max, ...

        hv_feat_orig, part_hv_min, part_hv_max, y_orig, ...

        cb_orig, cr_orig, part_c_min, part_c_max, part_c, ...

        ati_orig, part_ati_min, part_ati_max, part_ati, code_ati ] ...

 = model_lowbw_compression (mode, transmit_file, si_orig, hv_feat_orig, luma_orig, cb_orig, cr_orig, ati_orig);

% MODEL_LOWBW_COMPRESSION

%   Compress and write original features from the LowBW or FastLowBW model.

%   Alternatively reverse that process: read and uncompress features.

% SYNTAX

%   model_lowbw_compression ('compress', transmit_file, si_orig, hv_feat_orig, ...

%       luma_orig, cb_orig, cr_orig, ati_orig );

%   [si_orig, part_si_min, part_si_max, ...

%          hv_feat_orig, part_hv_min, part_hv_max, y_orig, ...

%          cb_orig, cr_orig, part_c_min, part_c_max, part_c, ...

%          ati_orig, part_ati_min, part_ati_max, part_ati, code_ati ] = ...

%       model_lowbw_compression('uncompress', transmit_file);

% DESCRIPTION

%   When the first argument is 'compress', this function compresses the 

%   features associated with the lowbw model or fastlowbw model, and write

%   them to a file for transmission.  Operates on 255 seconds or less.  Longer  

%   sequencesmust be split and written to two different files.  To

%   understand the input arguments, see function model_lowbw_features or

%   model_fastlowbw_features. 

%

%   When the first argument is 'uncompress', this function reverses the

%   process: reads compressed original features from file 'transmit_file'

%   and returns those values on the command line.  This function also

%   returns information about the feature compression, which will be needed

%   by function model_lowbw_parameters.m and model_fastlowbw_parameters.m

%   To properly understand those parameters (i.e., everything returned that

%   isn't mentioned in the 'compress' argument list), examine the code

%   below.

if strcmpi(mode,'compress'),

    [row_si,col_si,time_si] = size(si_orig);

    [row_cb,col_cb,time_cb] = size(cb_orig);

    [si_orig]      = model_lowbw_compression_internal (si_orig,      'si', 'compress');

    [hv_feat_orig] = model_lowbw_compression_internal (hv_feat_orig, 'hv', 'compress');

    [luma_orig]    = model_lowbw_compression_internal (luma_orig,    'y', 'compress');

    [cb_orig]      = model_lowbw_compression_internal (cb_orig,      'cb', 'compress');

    [cr_orig]      = model_lowbw_compression_internal (cr_orig,      'cr', 'compress');

    [ati_orig]     = model_lowbw_compression_internal (ati_orig,     'ati', 'compress');

    if time_si > 255 | time_cb > 255,

        error('Time sequence too long.  Split into shorter segments');

    end

    % save data to file

    if exist(transmit_file,'file'),

        delete(transmit_file);

    end

    fid = fopen(transmit_file, 'w');

    % write overhead for SI & HV & Luma

    row_si = uint8(row_si); col_si = uint8(col_si); time_si= uint8(time_si);

    fwrite(fid,row_si,'uint8');

    fwrite(fid,col_si,'uint8');

    fwrite(fid,time_si,'uint8');

    % write out SI & HV & Luma

    fwrite(fid,si_orig, 'ubit9');

    fwrite(fid,hv_feat_orig,'ubit9');

    fwrite(fid,luma_orig, 'ubit8');

    % write Cb & Cr

    fwrite(fid,cb_orig, 'ubit9');

    fwrite(fid,cr_orig, 'ubit9');

    % write overhead for ATI 

    frames = length(ati_orig);

    fwrite(fid,frames,'ushort');

    % write ATI

    fwrite(fid,ati_orig, 'ubit10');

%     fprintf('Total bytes written:  %d  Sequence Size:  (%d,%d,%d) ==> %f kbits/s\n', ftell(fid), ...

%         row_si,col_si,time_si, (ftell(fid) * 8.0) / (double(time_si) * 1000.0));

    fclose(fid);

elseif strcmpi(mode,'uncompress'),

    % load original features

    if ~exist(transmit_file,'file'),

        error(sprintf('Cannot open file ''%s'', file does not exist', transmit_file));

    end

    fid = fopen(transmit_file, 'r');

    % read overhead for SI & HV & Luma

    row = fread(fid,1, 'uint8');

    col = fread(fid,1,'uint8');

    time = fread(fid,1,'uint8');

    % read Si & HV & Luma

    si_orig = fread(fid,row*col*time, 'ubit9');

    hv_feat_orig = fread(fid,row*col*time,'ubit9');

    y_orig = fread(fid,row*col*time, 'ubit8');

    % decompress original features

    [si_orig, part_si_min, part_si_max]      = ...

            model_lowbw_compression_internal (si_orig, 'si', 'decompress', row,col,time);

    [hv_feat_orig, part_hv_min, part_hv_max] = ...

            model_lowbw_compression_internal (hv_feat_orig, 'hv', 'decompress',row,col,time);

    [y_orig]    = model_lowbw_compression_internal (y_orig, 'y', 'decompress',row,col,time);

    % read Cb & Cr

    cb_orig = fread(fid,row*col*time, 'ubit9');

    cr_orig = fread(fid,row*col*time, 'ubit9');

    % decompress original features

    [cb_orig]    = model_lowbw_compression_internal (cb_orig, 'cb', 'decompress',row,col,time);

    [cr_orig, part_c_min, part_c_max, part_c]    = ...

            model_lowbw_compression_internal (cr_orig, 'cr', 'decompress',row,col,time);

    % read overhead for ATI & read ATI 

    frames = fread(fid,1,'ushort');

    ati_orig = fread(fid,frames, 'ubit10');

    % decompress original features

    [ati_orig, part_ati_min, part_ati_max, part_ati, code_ati] = model_lowbw_compression_internal (ati_orig, 'ati', 'decompress',1,1,frames);

    fclose(fid);

else

    error('mode not recognized');

end

function [data, part_min, part_max, part, code] = ...

    model_lowbw_compression_internal (feature, type, flag, row, col, time);

% model_lowbw_compression_internal

%   Compress or decompress the lowbw/sec model features.

% SYNTAX

%   [data] = model_lowbw_compression_internal (feature, type, 'compress');

%   [data, part_min, part_max, part, code] = ...

%       model_lowbw_compression_internal (feature, type, 'decompress', row, col, time);

% DESCRIPTION

%   Compress or decompress the features in matrix 'feature'.  Variable

%   'type' controls the compression (e.g., 'hv', 'si','y','cb', 'cr', or 'ati).

%   'flag' should be set to either 'compress' or 'decompress' or 'none'.

%       ('none' is no compression; return data as-is for saving.)

%

%   Return the compressed or decompressed data in [data].  On

%   decompression, also return the minimum & maximum partition boundaries

%   in 'part_min' and 'part_max'.  On compression, [data] will be a one

%   dimensional array.  On decompression, [data] will be of size

%   (row,col,time).  

%

%   return value 'part' is the partitions; 'code' is the code values

% get quantizer codebook

if strcmpi(type,'hv'),

    [part,code] = model_lowbw_compression_internal_hv;

elseif strcmpi(type,'si'),

    [part,code] = model_lowbw_compression_internal_si;

elseif strcmpi(type,'y'),

    [part,code] = model_lowbw_compression_internal_y;

elseif strcmpi(type,'cb') | strcmp(type,'cr'),

    [part,code] = model_lowbw_compression_internal_cb_cr;

elseif strcmpi(type,'ati'),

    [part,code] = model_lowbw_compression_internal_ati;

end

if strcmpi(type,'none'),

    data = feature;

    return;

elseif strcmpi(flag,'compress'),

    %  convert from 3D to 1D

    [frows,fcols,ftime] = size(feature);

    feature = reshape(feature,1,frows*fcols*ftime);  % row vector for quantizer

    %  Quantize feature

    [index] = quantiz_fast(feature,part);

    data = index;

    return;

elseif strcmpi(flag,'decompress'),

    part_min = part(1);

    part_max = part( length(part) );

    % convert back from indicies to quantized values

    feature = code(feature+1);

    data = reshape(feature,row,col,time);

    return;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [part_hv,code_hv] = model_lowbw_compression_internal_hv;

    %  hv_feat_orig quantizer, 9 bit design

    %  Use a quantizer whose distance between bins (dx) increases as a constant

    %  (err) times the code value.  Only preserve this relationship until the

    %  code value decreases to some low value, then uniformly quantize the

    %  remainder.  Start at 1.0 so the code is exact there.

    %  First bin will be values less than part_hv(1) and last bin will be 

    %  values greater than part_hv(code_hv_size-1).  hv_loss and hv_gain parameter values

    %  whose hv_feat_orig values fall outside of the quantizer range will be 

    %  zeroed.

    start = 1.0;

    err = 0.00709;  % fraction of error in the quantized value

    high_codes = 228;  % number of nonlinear codes >= 1.0

    low_codes = 202;  % number of nonlinear codes < 1.0

    vlow_codes = 82;  % number of uniform codes for very low values

    code_hv = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_hv = [code_hv code_hv(i)*(1+err)];

    end

    %  Generate low codes

    for i = 1:low_codes

        code_hv = [code_hv(1)*(1-err) code_hv];

    end

    %  Generate very low codes, uniformly distributed to lowest_code

    lowest_code = 0.0991;

    temp = code_hv(1):(lowest_code-1*code_hv(1))/vlow_codes:lowest_code;

    code_hv = [fliplr(temp(2:vlow_codes+1)) code_hv];

    %  Generate the partitions, halfway between codes

    code_hv_size = size(code_hv,2);

    part_hv = (code_hv(2:code_hv_size)+code_hv(1:code_hv_size-1))/2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [part_si,code_si] = model_lowbw_compression_internal_si;

    %  si_orig quantizer, 9 bit design

    %  Use a quantizer whose distance between bins (dx) increases as a constant

    %  (err) times the code value.

    %  First bin will be values less than part_si(1) and last bin will be 

    %  values greater than part_si(code_si_size-1).  si_loss and si_gain parameter values

    %  whose si_orig values fall outside of the quantizer range will be 

    %  zeroed. 

    start = 2.99;

    err = 0.00728;  % fraction of error in the quantized value

    high_codes = 512;  % number of nonlinear codes

    code_si = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_si = [code_si code_si(i)*(1+err)];

    end

    %  Generate the partitions, halfway between codes

    code_si_size = size(code_si,2);

    part_si = (code_si(2:code_si_size)+code_si(1:code_si_size-1))/2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [part_y, code_y] = model_lowbw_compression_internal_y;

    %  For y quantizer, just use uniform 8 bit quantizer where the value

    %  represents the y level (0 to 255).  Only one byte per

    %  macroblock(3,3,2).

    start = 0.0;

    err = 1.00;  % distance between codes

    high_codes = 256;  % number of codes

    code_y = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_y = [code_y code_y(i)+err];

    end

    %  Generate the partitions, halfway between codes

    code_y_size = size(code_y,2);

    part_y = (code_y(2:code_y_size)+code_y(1:code_y_size-1))/2;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

function [part_c, code_c] = model_lowbw_compression_internal_cb_cr;

    %  Non-linear quantizer for cb_orig and cr_orig, similar to hv but bipolar (two sided),

    %  since the cb and cr features are bipolar.

    start = 1.0;

    err = 0.0216;  % fraction of error in the quantized value

    high_codes = 217;  % number of nonlinear codes >= start

    low_codes = 40;  % number of uniform codes for very low values (< start)

    code_c = [start];

    %  Generate high codes

    for i = 1:high_codes-1

        code_c = [code_c code_c(i)*(1+err)];

    end

    %  Generate low codes, uniformly distributed from lowest_code to start

    lowest_code = 0.136;

    temp = code_c(1):(lowest_code-1*code_c(1))/low_codes:lowest_code;

    code_c = [fliplr(temp(2:low_codes+1)) code_c];

    %  zero first code and generate sym neg codes

    code_c(1) = 0.0;

    code_c = [-1.0*fliplr(code_c(2:(high_codes+low_codes-1))) code_c];

    %  Generate the partitions, halfway between codes

    code_c_size = size(code_c,2);

    part_c = (code_c(2:code_c_size)+code_c(1:code_c_size-1))/2;

    %  Correct partition around zero

    low_part_spacing = (start-lowest_code)/low_codes;

    part_c(code_c_size/2) = part_c(code_c_size/2 + 1) - low_part_spacing;

    part_c(code_c_size/2 - 1) = part_c(code_c_size/2 - 2) + low_part_spacing;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

function [part_ati, code_ati] = model_lowbw_compression_internal_ati;

%  ati_orig quantizer, 10 bit design, uniform quantizer design 

%  First bin will be values less than part_ati(1) and last bin will be 

%  values greater than part_ati(code_ati_size-1).

    start = 0.0;  % first code

    last = 220.0;  % 210 is the maximum observed in the training data 

    high_codes = 1024;  % number of codes for 10-bit quantizer

    code_ati = start:(last-start)/(high_codes-1):last;

    %  Generate the partitions, halfway between codes

    code_ati_size = size(code_ati,2);

    part_ati = (code_ati(2:code_ati_size)+code_ati(1:code_ati_size-1))/2;

Function “model_lowbw_sroi.m”


function [valid, cvr, sroi] = model_lowbw_sroi(extra, top, left, bottom, right);

% MODEL_LOWBW_SROI

%   Check image-size validity for lowbw or fastlowbw model; and return spatial region

%   of interest (SROI)

% SYNTAX

%   [valid, cvr, sroi] = model_lowbw_sroi(extra, top, left, bottom, right);

% DESCRIPTION

%   'Extra' is the number of pixels needed on all sides for filtering.

%   ONE EXTRA pixel will be needed for shifting.

%   (top, left, bottom, right) are the  valid region coordinates.

%   Within above coordinates, find where the low bandwidth model should be run. 

%

%   Return whether the model can validly be used (valid == 1) or not 

%   (valid == 0); the common valid region (cvr) including just

%   the extra +1 pixel border; and the spatial region of interest without

%   the extra pixels & lines (sroi).   Return variables 'cvr' and 'sroi' 

%   are structures, whose elements are top, left, bottom, and right.

%

%   Presume a block-size of 30x30, macro-block size of 3x3.

%   One extra pixel required in all directions, for spatial shift search. 

% extra pixel for shifting +- 1 in all directions.

extra = extra + 1;

if nargin ~= 5,

    error('number of input arguments to model_lowbw_sroi invalid.');

end

% if left or top are even, add one

top = top + (1 - mod(top,2));

left = left + (1 - mod(left,2));

% if bottom or right are odd, subtract one

right = right - mod(right,2);

bottom = bottom - mod(bottom,2);

% compute number of rows available, after discard border

num_rows = 30 * floor( ((bottom - top + 1) - extra*2)/30 );

extra_rows = floor(((bottom - top + 1) - num_rows)/2);

num_cols = 30 * floor( ((right - left + 1) - extra*2)/30 );

extra_cols = floor(((right - left + 1) - num_cols)/2);

% figure if valid

if num_rows / 30 < 3 | num_cols / 30 < 3,

    sroi = [];

    cvr = [];

    valid = 0;

    return;

end

% figure out SROI & CVR

sroi.top = top + extra_rows;

sroi.left = left + extra_cols;

sroi.bottom = sroi.top + num_rows - 1;

sroi.right = sroi.left + num_cols - 1;

valid = 1;

cvr.top = sroi.top-extra;

cvr.left = sroi.left-extra;

cvr.bottom = sroi.bottom+extra;

cvr.right = sroi.right+extra;

Function “quantiz_fast.m”


function y = quantiz_fast(x,t)

% QUANTIZ_FAST

%   This function quantizes data.  It is used as an alternative to the

%   MATLAB routine, becase at the time of writing it ran significantly

%   faster.

% SYNTAX

%   y = quantiz_fast(x,t)

% DESCRIPTION

%   'x' is the data to be quantized into discreet bins.  

%   't' is the array of quantization thresholds.  

%   Return varaible 'y' contains the quantized data. 

%

%  This code performs n=2^b level quantization of the signal samples in the

%  row vector x to produce y.  y will have the same size as x.  t is a

%  length n-1 row or column vector of  quantization thresholds.

%  This code works for all b=1,2,3,...

%  Quantization rules are:

%           x <= t(1)   gives y = 0

%    t(1) < x <= t(2)   gives y = 1

%                ...

%    t(i) < x <= t(i+1) gives y = i

%              ...

%    t(n-1) < x         gives y = n-1

n = length(x);

y = zeros(1,n);           %output variable starts with all zeros

b = log2(length(t)+1);    %number of bits

for i = 1:b               %loop over bits, each pass determines one bit

    temp = find(t(y+(2^(b-i))) < x);

    %compare each sample of x with corresponding current threshold    

    y(temp) = y(temp)+(2^(b-i));

    %where x is above current threshold, update y to refect this

    %this update is equivalent to setting the current bit under

    %consideration (b-i) to 1.    

end

Function “read_bigyuv.m”


function [y,cb,cr] = read_bigyuv(file_name, varargin);

% READ_BIGYUV

%   Read images from bigyuv-file.

% SYNTAX

%   [y] = read_bigyuv(file_name);

%   [y,cb,cr] = read_bigyuv(...);

%   [...] = read_bigyuv(...,'PropertyName',PropertyValue,...);

% DESCRIPTION

%   Read in images from bigyuv file named 'file_name'.  

%

%   The luminance plane is returned in 'Y'; the color planes are

%   returned in 'cb' and 'cr' upon request.  The Cb and Cr color planes

%   will be upsampled by 2 horizontally.  

%

%   The following optional properties may be requested:

%

%   'sroi',top,left,bottom,right,           

%                       Spatial region of intrest to be returned.  By default,

%                       the entirity of each image is returned.

%                       Inclusive coordinates (top,left),(bottom,right) start

%                       numbering with row/line number 1.

%   'size',row,col,    Size of images (row,col).  By default, row=486,

%                           col=720.

%   'frames',start,stop,    Specify the first and last frames, inclusive, 

%                                   to be read ('start' and 'stop').  By

%                                   default, the first frame is read.

%   '128'        Subtract 128 from all Cb and Cr values.  By default, Cb

%                       and Cr values are left in the [0..255] range.

%   'interp'           Interpolate Cb and Cr values.  By default, color

%                       planes are pixel replicated.  Note:  Interpolation is slow.

%

%   Color image pixels will be pixel replicated, so that Cb and Cr images

%   are not subsampled by 2 horizontally.

% read values from clip_struct that can be over written by variable argument

% list.

is_whole_image = 1;

is_sub128 = 0;

is_interp = 0;

num_rows = 486;

num_cols = 720;

start = 1;

stop = 1;

% parse variable arhelp gument list (property values)

cnt = 1;

while cnt <= nargin - 1,

    if ~isstr(varargin{cnt}),

        error('Property value passed into bigyuv_read not recognized');

    end

    if strcmpi((varargin(cnt)),'sroi') == 1,

        sroi.top = varargin{cnt+1};

        sroi.left = varargin{cnt+2};

        sroi.bottom = varargin{cnt+3};

        sroi.right = varargin{cnt+4};

        is_whole_image = 0;

        cnt = cnt + 5;

    elseif strcmpi((varargin(cnt)),'size') == 1,

        num_rows = varargin{cnt+1};

        num_cols = varargin{cnt+2};

        cnt = cnt + 3;

    elseif strcmpi((varargin(cnt)),'frames') == 1,

        start = varargin{cnt+1};

        stop = varargin{cnt+2};

        cnt = cnt + 3;

    elseif strcmpi((varargin(cnt)),'128') == 1,

        is_sub128 = 1;

        cnt = cnt + 1;

    elseif strcmpi((varargin(cnt)),'interp') == 1,

        is_interp = 1;

        cnt = cnt + 1;

    else

        error('Property value passed into bigyuv_read not recognized');

    end

end

if mod(num_cols,2) ~= 0,

    fprintf('Error: number of columns must be an even number.\n');

    fprintf('This 4:2:2 format sores 4 bytes for each 2 pixels\n');

    error('Invalid specification for argument "num_cols" in read_bigyuv');

end

% Open image file 

% [test_struct.path{1} clip_struct.file_name{1}]

[fid, message] = fopen(file_name, 'r');

if fid == -1

    fprintf(message);

    error('bigyuv_read cannot open this clip''s bigyuv file, %s', file_name);

end

% Find last frame.  

fseek(fid,0, 'eof');

total = ftell(fid) / (2 * num_rows * num_cols);

if stop > total,

    error('Requested a frame past the end of the file.  Only %d frames available', total);

end

if stop < 0,

    error('Range of frames invalid');

end

if start > stop | stop < 1,

    error('Range of frames invalid, or no images exist in this bigyuv file');

end

% find range of frames requested.

prev_tslice_frames = start - 1;

tslice_frames = stop - start + 1;

number = start;

% go to requested location

if isnan(start),

    error('first frame of this clip is undefined (NaN).');

end

offset = prev_tslice_frames * num_rows * num_cols * 2; %pixels each image

status = fseek(fid, offset, 'bof');

if status == -1,

    fclose(fid);

    error('bigyuv_read cannot seek requested image location');

end

% initialize memory to hold return images.

y = zeros(num_rows,num_cols,tslice_frames, 'single');

if (nargout == 3),

    cb = y;

    cr = y;

end

% loop through & read in the time-slice of images

this_try = 1;

for cnt = 1:tslice_frames,

    where = ftell(fid);

    [hold_fread,count] = fread(fid, [2*num_cols,num_rows], 'uint8=>uint8');

    if count ~= 2*num_cols*num_rows,

        % try one more time.

        fprintf('Warning: bigyuv_read could not read entirity of requested image');

        fprintf(' time-slice; re-trying\n');

        %pause(5);

        if where == -1,

            fprintf('Could not determine current location.  Re-try failed.\n');

            error('bigyuv_read could not read entirity of requested image time-slice');

            fclose(fid);

        end

        fseek(fid, where, 'bof');

        [hold_fread,count] = fread(fid, [2*num_cols,num_rows], 'uint8=>uint8');

        if count ~= 2*num_cols*num_rows,

            fclose(fid);

            hold = sprintf('%s%s\n%s', ...

                'time-slice read failed for time-slice in ', file_name, ...

                'bigyuv_read could not read entire requested time-slice');

            error(hold);

        end

    end

    % pick off the Y plane (luminance)

    temp = reshape(hold_fread', num_rows, 2, num_cols);

    uncalib = squeeze(temp(:,2,:));  

    y(:,:,cnt) = single(uncalib);

    % If color image planes are requested, pick those off and perform

    % pixel replication to upsample horizontally by 2.

    if nargout == 3,

        temp = reshape(hold_fread,4,num_rows*num_cols/2);

        color = reshape(temp(1,:),num_cols/2,num_rows)';

        color2 = [color ; color];

        uncalib = reshape(color2,num_rows,num_cols);

        cb(:,:,cnt) = single(uncalib);

        if is_sub128,

            cb(:,:,cnt) = cb(:,:,cnt) - 128;

        end

        color = reshape(temp(3,:),num_cols/2,num_rows)';

        color2 = [color ; color];

        uncalib = reshape(color2,num_rows,num_cols);

        cr(:,:,cnt) = single(uncalib);

        if is_sub128,

            cr(:,:,cnt) = cr(:,:,cnt) - 128;

        end

        % Interpolate, if requested

        if is_interp == 1,

            for i=2:2:num_cols-2,

                cb(:,i,cnt) = (cb(:,i-1,cnt) + cb(:,i+1,cnt))/2;

                cr(:,i,cnt) = (cr(:,i-1,cnt) + cr(:,i+1,cnt))/2;

            end

        end

    end

end

fclose(fid);

if ~is_whole_image,

    y = y(sroi.top:sroi.bottom, sroi.left:sroi.right, :);

    if nargout == 3,

        cb = cb(sroi.top:sroi.bottom, sroi.left:sroi.right, :);

        cr = cr(sroi.top:sroi.bottom, sroi.left:sroi.right, :);

    end

end

Function “resample_image.m”


function [image] = resample_image(image, v, h, varargin);

% RESAMPLE_IMAGE

%  stretch or shrink an image

% SYNTAX

%  [scaled_image] = resample_image(image, v, h);

%  [...] = resample_image(...'PropertyName',...);

% DESCRIPTION

%  This function applies horizontal scaling factor (h / 1000) 

%  and vertical scaling factor (v / 1000).  The returned image,

%  'scaled_image', will be of the same size as the input image.

%

%  The following optional properties may be requested.  Fast, Linear, and

%  Quadratic are mutually exclusive (i.e., only one of these may

%  be selected):

%

%   'Fast'  When this option is selected, the function will use a very fast

%           but significantly less accurate resampling algorithm.  The

%           nearest neighbor pixel value will be used (1-point).  This 

%           approach appears to be sufficient for color planes (Cb and Cr)

%           but not luminance (Y). 

%

%   'Linear' When this option is selected, the function will use linear

%           interpolation (2-point).

%

%   'Quadratic' When this option is selected, the function will use

%           quadratic interpolation (3-point).  This is the default.

%

%   'Interlace' The image is interlaced, so vertical scaling needs to be

%           performed on each field separately. 

do_fast = 0;

do_linear = 0;

do_quadratic = 1;

do_interlace = 0;

is_type = 'quadratic';

cnt = 1;

while cnt <= nargin - 3,

    if strcmpi(varargin(cnt),'fast') == 1,

        do_fast = 1;

        do_linear = 0;

        do_quadratic = 0;

        is_type = 'fast';

        cnt = cnt + 1;

    elseif strcmpi(varargin(cnt),'linear') == 1,

        do_fast = 0;

        do_linear = 1;

        do_quadratic = 0;

        is_type = 'linear';

        cnt = cnt + 1;

    elseif strcmpi(varargin(cnt),'quadratic') == 1,

        do_fast = 0;

        do_linear = 0;

        do_quadratic = 1;

        is_type = 'quadratic';

        cnt = cnt + 1;

    elseif strcmpi(varargin(cnt),'interlace') == 1,

        do_interlace = 1;

        cnt = cnt + 1;

    else

        error('optional argument not recognized.');

    end

end

% vertical scaling on interlaced images must be done on fields.

% handle this here, by recursing (calling this function on each field).

if do_interlace && v ~= 1000,

    % split into fields

    [image1, image2] = split_into_fields(image);

    % call this routine for each field

    [image1] = resample_image(image1, v, h, is_type);

    [image2] = resample_image(image2, v, h, is_type);

    % join into frames

    image = join_into_frames(image1, image2);

    return;

end

% split into frames, if needed, and run each separately

if ndims(image) == 3,

    [rows,cols,time] = size(image);

    if time > 1,

        for i=1:time,

            image(:,:,i) = resample_image(image(:,:,i), v, h, is_type);

        end

    end

    return;

elseif ndims(image) > 3,

    error('Function resample_image cannot work on arrays of images with 4 or more dimensions');

end

if do_linear,

    [rows,cols] = size(image);

    if v ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:rows)' * 1000 / v + (rows/2 - (1000/v) * (rows/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > rows);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, rows), 1);

        % find closest pixels and distance (alpha)

        offset_before = floor(offset);

        offset_after = ceil(offset);

        alpha = offset - offset_before;

        % change from vectors to matrixes, to apply this to the entire image

        alpha = repmat(alpha, 1, cols);

        % apply linear scaling

        image = (1 - alpha) .* image(offset_before, :) + alpha .* image(offset_after, :);

        % fill invalid portion with zeros

        image(invalid, :) = 0;

    end

    if h ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:cols) * 1000 / h + (cols/2 - (1000/h) * (cols/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > cols);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, cols), 1);

        % find closest pixels and distance (alpha)

        offset_before = floor(offset);

        offset_after = ceil(offset);

        alpha = offset - offset_before;

        % change from vectors to matrixes, to apply this to the entire image

        alpha = repmat(alpha, rows, 1);

        % apply linear scaling

        image = (1 - alpha) .* image(:, offset_before) + alpha .* image(:, offset_after);

        % fill invalid portion with zeros

        image(:, invalid) = 0;

    end

elseif do_quadratic,

    [rows,cols] = size(image);

    if v ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:rows)' * 1000 / v + (rows/2 - (1000/v) * (rows/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > rows);

        % find closest pixels and distance (alpha)

        y1 = round(offset);

        y0 = y1 - 1;

        y2 = y1 + 1;

        % find distance

        d = offset - y0;

        % change d from vector to matrix, to apply this to the entire image

        d = repmat(d, 1, cols);

        d2 = d.^2;

        % if exceed boundary of image, clip at edge (i.e., take last pixel value).

        y0 = max(min(y0, rows), 1);

        y1 = max(min(y1, rows), 1);

        y2 = max(min(y2, rows), 1);

        % apply to image

        image_y0 = image(y0,:);

        image_y1 = image(y1,:);

        image_y2 = image(y2,:) ./ 2;

        % calculate weights a, b & c

        % where c = image_y0;

        % where a = y(2) / 2 - y(1) + y(0) / 2

        % where b = -y(2) / 2 + 2 * y(1) - 3/2 * y(0)

        a = image_y2 - image_y1 + image_y0 ./ 2;

        b = -image_y2 + 2 .* image_y1 - (3/2) .* image_y0;

        % apply quadratic scaling: a .* d2 + b .* d + c

        image = a .*d2 + b .* d + image_y0;

        % fill invalid portion with zeros

        image(invalid, :) = 0;

    end

    if h ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:cols)' * 1000 / h + (cols/2 - (1000/h) * (cols/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > cols);

        % find closest pixels and distance (alpha)

        y1 = round(offset);

        y0 = y1 - 1;

        y2 = y1 + 1;

        % find distance

        d = offset - y0;

        % change d from vector to matrix, to apply this to the entire image

        d = repmat(d', rows,1);

        d2 = d.^2;

        % if exceed boundary of image, clip at edge (i.e., take last pixel value).

        y0 = max(min(y0, cols), 1);

        y1 = max(min(y1, cols), 1);

        y2 = max(min(y2, cols), 1);

        % apply to image

        image_y0 = image(:,y0);

        image_y1 = image(:,y1);

        image_y2 = image(:,y2) ./ 2;

        % calculate weights a, b & c

        % where c = image_y0;

        % where a = y(2) / 2 - y(1) + y(0) / 2

        % where b = -y(2) / 2 + 2 * y(1) - 3/2 * y(0)

        a = image_y2 - image_y1 + image_y0 ./ 2;

        b = -image_y2 + 2 .* image_y1 - (3/2) .* image_y0;

        % apply quadratic scaling: a .* d2 + b .* d + c

        image = a .*d2 + b .* d + image_y0;

        % fill invalid portion with zeros

        image(:,invalid) = 0;

    end

elseif do_fast,

    [rows,cols] = size(image);

    if v ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:rows)' * 1000 / v + (rows/2 - (1000/v) * (rows/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > rows);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, rows), 1);

        % find closest pixels

        offset = round(offset);

        % apply linear scaling

        image = image(offset, :);

        % fill invalid portion with zeros

        image(invalid, :) = 0;

    end

    if h ~= 1000,

        % scale coordinates by vertical factor

        offset = (1:cols) * 1000 / h + (cols/2 - (1000/h) * (cols/2));

        % find pixels invalidated by this operation

        invalid = find(offset < 1 | offset > cols);

        % if exceed boundary of image, clip at edge.

        offset = max(min(offset, cols), 1);

        % find closest pixels

        offset = round(offset);

        % apply linear scaling

        image = image(:, offset);

        % fill invalid portion with zeros

        image(:, invalid) = 0;

    end

else

    error('argument not recognized. "resample" no longer available');

end

Function “running_collapse.m”


function [data] = running_collapse (request, raw_data, delta, property);

% RUNNING_COLLAPSE

%   Perform a "running" spatial-temporal collapse over a long sequence.

% SYNTAX

%   [data] = running_collapse (request, raw_data, delta, property);

% DESCRIPTION

%   Take a request & raw_data, as defined by function st_collapse.

%   'property' is one of st_collapse's optional properties.  Instead of

%   calling st_collapse directly, divide it into shorter arrays, where the

%   last non-unit dimension is of length 'delta'.  Return the "running"

%   collapse in 'data'.  The length of data will be identical to the last

%   dimension of 'raw_data'.  The leading values (1 to time-1) will use

%   shorter time lengths.

%

%   'raw_data' must be either 1D or 3D.  See also function st_collapse.m

[row,col,time] = size(raw_data);

if time == 1,

    % 1D

    if col ~= 1,

        error('raw_data cannot be 2D');

    end

    time = row;

    data = zeros(time,1);

    for cnt = 1:time,

        start = max(1, cnt - delta + 1);

        stop = cnt;

        data(cnt) = st_collapse(request, raw_data(start:stop), property); 

    end

else

    % 3D

    data = zeros(time,1);

    for cnt = 1:time,

        start = max(1, cnt - delta + 1);

        stop = cnt;

        data(cnt) = st_collapse(request, raw_data(:,:,start:stop), property);

    end

end

Function “split_into_fields.m”


function [one, two] = split_into_fields(y);

% SPLIT_INTO_FIELDS

%  Splits one frame into two fields.

% SYNTAX

%  [one two] = split_into_fields(y);

% DESCRIPTION

%  Split frame 'y' into field one ('one') and field two ('two').  Field two

%  contains the top line of the image; field one contains the second line

%  of the image.  For NTSC, field one occurs before field two in time.  For

%  PAL, the reverse is the case.  Y can be a time-slice of frames.

%

%  If image 'y' contains an odd number of rows, then the last (bottom) row

%  will be eliminated.  See also function 'join_into_frames'

[row, col, time] = size(y);

if mod(row,2),

    y = y(1:row-1,1:col,1:time);

    [row, col, time] = size(y);

end

y = reshape(y,2,row/2,col,time);

two = squeeze(y(1,:,:,:));

one = squeeze(y(2,:,:,:));

Function “st_collapse.m”


function [data] = st_collapse(request, raw_data, varargin)

% ST_COLLAPSE

%  Compute the requested spatial or temporal collapsing function.

% SYNTAX

%  [data] = st_collapse(request, raw_data)

%  [data] = st_collapse(...,'PropertyName',...);

% DESCRIPTION

%  Compute the requested spatial or temporal collapsing function on the

%  FIRST dimension of the array or matrix, 'raw_data', and return the

%  results in 'data'.  The available precentile functions are:

%   'mean', 'std', 'rms', 'min', 'max', '10%', '25%', '50%', '90%', 

%   'above90%', 'above95%', 'above99%', 'above90%tail', 'above95%tail', 'above98%tail', 'above99%tail', 

%   'below5%', 'below10%', 'below1%', 'below1%tail, 'below2%tail', 'below5%tail', 'below10%tail'

%   'below25%', 'above75%', 'below2%', 'above98%', 'below50%tail'

%   'between25%50%'

%           [ The meanings of the above are as defined in "Video Quality

%             Measurement Techniques" NTIA Technical Report 02-392. ]

%   and 'minkowski(P,R)'.

%           [ minkowski = mean(abs(raw_data).^P).^(1/R) ]

%           Where 'P' and 'R' are replaced with the actual values to be

%           used.  For example, 'minkowski(1.8,2.8)' or 'minkowski(6,7)'

%

% The following optional parameters are also available.  All of these

% options are mutually exclusive.

%

%   'MacroBlock', row, col, time, 

%           Apply the requested function to macro blocks, of size (row,col,time).

%           If the region does not evenly divide, center spatially, and

%           abut with the end of the raw data temporally.

%   'OverlapMacroBlock', row, col, time, 

%           Apply the requested function to macro blocks, of size (row,col,time).

%           Unlike option 'MacroBlock', blocks overlap rather than

%           abutting.  Thus, returned data will be smaller only by

%           (row-1) rows,(col-1) columns and (time-1) in time.

%   'SlideMacroBlock', row, col, time, 

%           Apply the requested function to macro blocks, of size (row,col,time).

%           Blocks will overlap in time and abut spatially.  

%   '3D',   Apply the requested function simultaneously to all

%           dimensions.  Thus, convert all of the data into a 1D array and

%           apply the colllapsing function to that 1D array.

%   '1D',   Apply the requested function to only the first

%           dimensions.  For example, the variable 'raw_data' should be 2D

%           (spatial,temporal) or 1D (temporal).  This is the default

%           behavior.

%

%

% WARNING: Unless 'MacroBlock' or '3D' arguments are selected, the

% requested function will be applied to the first dimension only! 

%

collapse_3d = 0;

collapse_macroblock = 0;

collapse_overlap_macroblock = 0;

collapse_slide_macroblock = 0;

mb_row = 1;

mb_col = 1;

mb_time = 1;

cnt = 1;

while cnt <= nargin-2,

    switch lower(varargin{cnt}),

        case { 'macroblock' },

            collapse_macroblock = 1;

            mb_row = varargin{cnt+1};

            mb_col = varargin{cnt+2};

            mb_time = varargin{cnt+3};

            cnt = cnt + 4;

        case { 'overlapmacroblock' },

            collapse_overlap_macroblock = 1;

            mb_row = varargin{cnt+1};

            mb_col = varargin{cnt+2};

            mb_time = varargin{cnt+3};

            cnt = cnt + 4;

        case { 'slidemacroblock' },

            collapse_slide_macroblock = 1;

            mb_row = varargin{cnt+1};

            mb_col = varargin{cnt+2};

            mb_time = varargin{cnt+3};

            cnt = cnt + 4;

        case { '3d' },

            collapse_3d = 1;

            cnt = cnt + 1;

        case { '1d' },

            collapse_3d = 0;

            cnt = cnt + 1;

        otherwise

            error('Function st_collapse, optional argument "%s" not recognized', varargin{cnt});

    end

    if cnt <= nargin-2,

        error('Optional arguments are mutually exclusive.  Choose one only.');

    end

end

% Overlapping Macroblock Case.  Recurse to calculate.

if collapse_overlap_macroblock,

    [row_raw,col_raw,time_raw] = size(raw_data);

    data = zeros(row_raw-mb_row+1, col_raw-mb_col+1, time_raw-mb_time+1);

    [row,col,time] = size(data);

    for cnt1 = 1:mb_row,

        temp = floor((row_raw - cnt1 + 1) / mb_row) * mb_row;

        rng1 = cnt1:(cnt1-1+temp);

        if length(rng1) < mb_row,

            continue;

        end

        for cnt2 = 1:mb_col,

            temp = floor((col_raw - cnt2 + 1) / mb_col) * mb_col;

            rng2 = cnt2:(cnt2-1+temp);

            if length(rng2) < mb_col,

                continue;

            end

            for cnt3 = 1:mb_time,

                temp = floor((time_raw - cnt3 + 1) / mb_time) * mb_time;

                rng3 = cnt3:(cnt3-1+temp);

                if length(rng3) < mb_time,

                    continue;

                end

                data(cnt1:mb_row:row, cnt2:mb_col:col, cnt3:mb_time:time) = ...

                    st_collapse(request, raw_data(rng1,rng2,rng3), 'macroblock', ...

                    mb_row,mb_col,mb_time);

            end

        end

    end

    return;

end

% Slide Macroblock Case.  Recurse to calculate.

if collapse_slide_macroblock,

    [row_raw,col_raw,time_raw] = size(raw_data);

    row = floor(row_raw / mb_row);

    col = floor(col_raw / mb_col);

    time = time_raw - mb_time + 1;

    data = zeros(row,col,time);

    for cnt = 1:mb_time,

        temp = floor((time_raw - cnt + 1) / mb_time) * mb_time;

        rng = cnt:(temp+cnt-1);

        if length(rng) < mb_time,

            continue;

        end

        data(:,:, cnt:mb_time:time) = ...

            st_collapse(request, raw_data(:,:,rng), 'macroblock', ...

            mb_row,mb_col,mb_time);

    end

    return;

end

% if wanting to collapse a 3D structure all at once, reshape into an array.

if collapse_3d,

    [r,c,t] = size(raw_data);

    raw_data = reshape(raw_data, r*c*t,1);

end

% reshape for macroblocks.

if collapse_macroblock,

    [r,c,t] = size(raw_data);

    % error check.

    if floor(r / mb_row) == 0 | floor(c / mb_col) == 0 | floor(t / mb_time) == 0,

        error('st_collapse, macroblock too large.');

    elseif mb_row == 1 & mb_col == 1 & mb_time == 1,

        error('st_collapse, macro-block size must be greater than one.');

    end

    % figure out how to center the macroblocks

    [r,c,t] = size(raw_data);

    r_start = floor( mod(r,mb_row) / 2 ) + 1;

    r_stop = r_start + floor(r / mb_row)*mb_row - 1;

    c_start = floor( mod(c,mb_col) / 2 ) + 1;

    c_stop = c_start + floor(c / mb_col)*mb_col - 1;

    t_start = mod(t,mb_time) + 1;

    t_stop = t;

    % copy over macro-block data.

    raw_data = raw_data(r_start:r_stop,c_start:c_stop,t_start:t_stop);

    % reorganize first dimension

    [r,c,t] = size(raw_data);

    raw_data = reshape(raw_data, mb_row, r / mb_row, c, t);

    raw_data = permute(raw_data, [1 3 4 2]);

    raw_data = reshape(raw_data, mb_row * mb_col, c / mb_col, t, r / mb_row);

    raw_data = permute(raw_data, [1 3 4 2]);

    raw_data = reshape(raw_data, mb_row * mb_col * mb_time, t / mb_time, r / mb_row, c / mb_col);

    raw_data = permute(raw_data, [1 3 4 2]);    

end

% error checking.

[r,c,t] = size(raw_data);

if t > 1 & ~collapse_macroblock,

    error('Function st_collapse requires 2D or 1D arrays, only.  See help information warning.');

end

% Apply requested function.

above = 0;

below = 0;

tail = 0;

if r == 1,

    % Special case.  ST-collapse over a singleton dimension.  This is

    % always either the same as the input or zero.  

    if strcmp(request,'std') | length(findstr(request,'tail')) > 0,

        data = 0 * raw_data;

    else

        data = raw_data;

    end

% handle the usual cases.

elseif strcmp(request,'mean'),

    data = mean(raw_data);

elseif strcmp(request,'std'),

    data = std(raw_data);

elseif strcmp(request,'rms'),

    data = sqrt(mean(raw_data.^2));

elseif strcmp(request,'min'),

    data = min(raw_data);

elseif strcmp(request,'max'),

    data = max(raw_data);

elseif strncmp(request, 'minkowski(', 10),

    [mink n] = sscanf(request(11:length(request)), '%f,%f');

    if n ~= 2,

        error('Cannot parse minkowski P and R values in string "%s"', request(10:length(request)));

    end

    data = mean(abs(raw_data).^mink(1)).^(1.0/mink(2));

elseif strcmp(request,'between25%50%'),

    percentile1 = 0.25;

    percentile2 = 0.50;

    % if 1D but wrong direction vector, transpose it.

    if ndims(raw_data) == 2 & r == 1,

        raw_data = raw_data';

    end

    % compute percentile functions

    [rows,cols] = size(raw_data);

    want1 = 1 + round((rows-1) * percentile1);

    want2 = 1 + round((rows-1) * percentile2);

    temp = sort(raw_data, 1);

    data = mean(temp(want1:want2,:,:,:),1);

else

    if strcmp(request,'10%'),

        percentile = 0.10;

    elseif strcmp(request,'25%'),

        percentile = 0.25;

    elseif strcmp(request,'50%'),

        percentile = 0.50;

    elseif strcmp(request,'75%'),

        percentile = 0.75;

    elseif strcmp(request,'90%'),

        percentile = 0.90;

    elseif strcmp(request,'above95%'),

        percentile = 0.95;

        above = 1;

    elseif strcmp(request,'below5%'),

        percentile = 0.05;

        below = 1;

    elseif strcmp(request,'above99%'),

        percentile = 0.99;

        above = 1;

    elseif strcmp(request,'below1%'),

        percentile = 0.01;

        below = 1;

    elseif strcmp(request,'above98%'),

        percentile = 0.98;

        above = 1;

    elseif strcmp(request,'below2%'),

        percentile = 0.02;

        below = 1;

    elseif strcmp(request,'above90%'),

        percentile = 0.90;

        above = 1;

    elseif strcmp(request,'below10%'),

        percentile = 0.10;

        below = 1;

    elseif strcmp(request,'above75%'),

        percentile = 0.75;

        above = 1;

    elseif strcmp(request,'below25%'),

        percentile = 0.25;

        below = 1;

    elseif strcmp(request,'above95%tail'),

        percentile = 0.95;

        above = 1;

        tail = 1;

    elseif strcmp(request,'below5%tail'),

        percentile = 0.05;

        below = 1;

        tail = 1;

    elseif strcmp(request,'below50%tail'),

        percentile = 0.50;

        below = 1;

        tail = 1;

    elseif strcmp(request,'below2%tail'),

        percentile = 0.02;

        below = 1;

        tail = 1;

    elseif strcmp(request,'above98%tail'),

        percentile = 0.98;

        above = 1;

        tail = 1;

    elseif strcmp(request,'above99%tail'),

        percentile = 0.99;

        above = 1;

        tail = 1;

    elseif strcmp(request,'below1%tail'),

        percentile = 0.01;

        below = 1;

        tail = 1;

    elseif strcmp(request,'above90%tail'),

        percentile = 0.90;

        above = 1;

        tail = 1;

    elseif strcmp(request,'below10%tail'),

        percentile = 0.10;

        below = 1;

        tail = 1;

    else

        error('ERROR: percentile function "%s" not recognized by function compute_percentile', request);

    end

    % if 1D but wrong direction vector, transpose it.

    if ndims(raw_data) == 2 & r == 1,

        raw_data = raw_data';

    end

    % compute percentile functions

    [rows,cols] = size(raw_data);

    want = 1 + round((rows-1) * percentile);

    %fprintf('r=%d, c=%d, percentile %f, want=%d\n', rows, cols, percentile, want);

    temp = sort(raw_data, 1);

    if ~below & ~above & ~tail,

        data = temp(want,:,:,:);

    elseif above & ~tail,

        data = mean(temp(want:rows,:,:,:),1);

    elseif below & ~tail,

        data = mean(temp(1:want,:,:,:),1);

    elseif above & tail,

        if want == rows,

            % special case, can't do tail.

            data = temp(want,:,:,:) * 0;

        else

            data = mean(temp(want:rows,:,:,:),1) - temp(want,:,:,:);

        end

    elseif below & tail,

        if want == 1,

            % special case, can't do tail.

            data = temp(want,:,:,:) * 0;

        else

            data = temp(want,:,:,:) - mean(temp(1:want,:,:,:),1);

        end

    end;

end 

% get rid of extra dimension.

[a,b,c,d] = size(data);

data = reshape(data,b,c,d);

Function “tslice_conversion.m”


function [tslice_frames, over_sec] = tslice_conversion (tslice_sec, fps)

% TSLICE_CONVERSION

%   Convert from time-slice length in seconds, to time-slice length in

%   frames at a given frame rate.

% SYNTAX

%  [tslice_frames, over_sec] = tslice_conversion (tslice_sec, fps)

% DESCRIPTION

%

%  [tslice_frames, over_sec] = tslice_conversion (tslice_sec, fps)

%  Given the current frame rate in frames per second ('fps') and the length

%  of the current time-slice in seconds ('tslice_sec'), compute the

%  length of the current time-slice in frames ('tslice_frames').  Also return how

%  much the chosen block length exceeds the requested block length, in

%  seconds ('over_sec').

% 

%  NOTE:  if the specified tslice_sec is within (plus or minus) one

%  thousandth of one millisecond of being exactly tslice_frames 

% (e.g., over_sec <= 0.000001), then this function will assume the 

% user intended that exact number of tslice_frames.

% 

%  NOTE:  Any time-slice smaller than one frame will be implemented as

%  one frame per time-slice. 

% compute length of time-slice, in frames

tslice_frames = ceil(tslice_sec * fps);

% compute amount of seconds that above measurement exceeds that requested.

over_sec = tslice_frames - tslice_sec * fps;

% if within 1 ms of an integer tslice_frames with over_sec = 0, use that. 

if tslice_frames == 1,

    over_sec = 0;

elseif over_sec <= 0.000001,

    over_sec = 0;

elseif over_sec >= 0.999999,

    tslice_frames = tslice_frames - 1;

    over_sec = 0;

end

__________________
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