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B noknane paccmarpuBarorcsi ocoOeHHocTH ctanaapta JPEG, Biusiomue Ha yXyAIIGHHE YETKOCTH JEKOAMPOBAHHOTO IBETHOTO
n3o0paxenus. Ilpemnaraercss KpUTEpHii OLCHKH YETKOCTH B PABHOKOHTPACTHOW CHCTEME KOOPAMHAT MO3BOJIFOLIMII YYHTHIBATE OCOOCHHOCTH
3PUTENHHOTO BOCIPHATHS MEIKHX JeTanell n3oOpaxkeHus. [IpuBomsTcst pe3yabTaTsl SKCIICPHMEHTAIBHBIX OLEHOK YETKOCTU BOCCTAHOBJICHHBIX
TECTOBBIX M300pakKEHUH B 3aBUCMOCTH OT BBIOPAHHBIX MApaMETPOB MaTpPUIlbl KBaHTOBaHUS Kodddunuentos JKII.

Beenenne

IIpr NpPOCKTHPOBAaHUM TEICBU3UOHHON WM KOMIIBIOTEPHON BHICOCHUCTEMBI C LU(PPOBOW KOMIIPECCUCH
BO3HUKACT CJICAYIONIass OCHOBHas 3amava. C OJHOW CTOPOHBI HEOOXOAMMO OOECHCUUTH BBICOKYHO 3(PPEKTUBHOCThH
CKaTHs, C IPyrOd — COXPAaHMUTh KAa4eCTBO HM300pakeHMsI C MHUHUMAIBHBIMH HCKaXCHHSAMH. B Hacrosmee Bpems
craunapT JPEG cumraercs omHUM U3 Hanbojee 3(PPEKTHUBHBIX METOJIOB KOAMPOBAHUS CTATUYCCKUX M300pakeHUN U
BBITIOJIHACTCS Ha OCHOBe cienyrommx dtamoB [1]: 1. IlpeobpazoBanne RGB curnanos B YUV ¢ mocnenyromiei
¢ubTpanuel u cyOQMCKpPETU3aUeH [IBETOPA3HOCTHRIX KOMIOHEHT; 2. Pa30ouenne mu3obpaxenus Ha Onoku (8 Ha 8
9JIEMEHTOB) W BBIMIOJHEHUE IHCKPETHOTO KOCHHYcHoro mpeoOpaszoBanus (IKII); 3. KBanrtoBanue ko3(pQpunueHTOB
npeodpazoBanus; 4. Ctaructudeckoe koaupoBanue kodpdunmenton JIKII.

VYXynmenne KadecTBa JEKOTMPOBAHHOTO M300pa)KeHHs OOYCIOBIEHO MCKa)KEHISIMH, BO3HHUKAIOIIMMHU IIPU
BBIMIONHEHMH 1-ro0 W 3-ro dtamoB. CyOmuckpeTH3amysi IBETOPA3HOCTHBIX KOMIIOHEHT B COOTHOMmEHUH 4:2:2
o0ecrieunBaeT CKaTHe HMCXOOHOTO oObeMa BHACOAaHHBIX Ha 50% W NPHBOAWT K HE3HAYHUTENBHBIM HCKAKCHUSIM
PE3KOCTH I[BETOBBIX TEPEXOJOB M TOYHOCTH IBETONEPENAUYNd MENKHX JeTalied, KOTOpbIe MPAaKTHUECKH He3aMETHBI
monmygyareneM. OCHOBHBIE MCKa)KCHHS BO3HHKAIOT Ha 3Tame kBaHToBaHUS Kod(hdurmentoB KII, xoTopsie MOXHO
knaccudumpoBars [2] caenyromM oOpazom: 1) brokunr-apdekr; 2) Mozanunsiit s¢dexr; 3) Pasmbitne
n3o0paxxenus; 4) OKaHTOBKHM Ha rpaHunax; 5) Pasmeitie 1BeToB; 6) MckakeHUs THIIA «CTYNEHBbKI»; 7) VcKakeHuUs,
uMmeromue Bua OasucHeix ¢yHkiuit JKII. Beibop mapaMeTpoB MaTpHIlI KBAHTOBAaHUS II03BOJIICT YMCHBIIHTH
JAHHBIC WCKaXCHUS JO JOMYCTHMBIX 3HAYCHWH, OJHAKO, TPH 3TOM CHWXKAaeTcs KOI(DQOUIMEHT CXKaTHS.
TpaaunuOHHEIM CHOCOOOM HACTPOMKH BHICOCHCTEMBI Ha TpeOyeMoe KaueCTBO SBIISICTCS METOJA CYOBECKTHBHBIX
OILICHOK, KOTOPBIA UMEET OMpECICHHBIC HEIOCTATKA U HEAOCTaTOYHO 3(()EKTHUBCH MPH PEIICHUM 3a/a4 CHHTE3a U
OTITUMM3AIINH ITapaMeTPOB KOJEKa.

OneHka 4eTKOCTH H300paskeHUs] B PABHOKOHTPACTHOIi cucTeMe KOOPAHHAT

YeTKkoCTh U300pakeHNsT OOBIYHO OIEHUBACTCS YMCIOM Pa3IMUUMBIX JIHHUHM IMITPUXOBON MUPHI C Pa3TUIHON
MIPOCTPAHCTBEHHON OpHEHTaluell — BEepTHKAJbHOM, HAKIOHHOW U Topu3oHTanbHOM. Ilpu sTOM KpuTepuit
paspelieHus onpeaesneH B cheaytomem pune [3]:

L>P (CLII), (1)
TJIe JIeBasi 4acTh MPE/ICTABIISAET [IBETOBOW KOHTPACT L MITPUXOB M ONPEEISIeTCS] YUCIOM CPEIHUX IIBETOBBIX MMOPOTOB
(CLIT) momy4aarenst:

L=03(AW")? +(AU")? + (V)2 2
AW =W'[i,j]-W'm,n], AU =U"[i,j]-U'[m,n], AV =V'[i,j]-V [mn]; P — noporosoe
3HA4YCHUC, U * V*W — KOOpAUHATLI IBE€Ta B paBHOKOHTpaCTHOﬁ CUCTEMC KOOpAUHAT BI)IHICIIKI/I;
i, j — TIPOCTPaHCTBEHHbIE KOOPAMHATHI LITPUXOBOI JHMHUK (0OBEKTA); M, N — TIPOCTPAHCTBEHHBIC KOOPAMHATHI

(domna.

Koopuurats Beta UV W' olpenesiores 13 ciieIyromix BeIpaKeHuit [4]:
Wx=25Y"3 _17; U*=13W*(u—-u, ); V*=13W *(v—v, ),
rne I <Y <100, W— ceernora (uuaexc spkoctn); U i V' — KOOpIMHATH BETHOCTH (MHAEKCHI [BETHOCTH); U
U vV — KOOPAMHATHI IIBETHOCTH, MOJy4CHHbIE B AMarpamme LBeTHOcTed Mak-Anama; u, U v, — KOOPAUHATHI
LBETHOCTH omopHoro Oenoro nseta. [Iepexon ot RGB curHaioB OCHOBHBIX IIBETOB MPUEMHHKA K PABHOKOHTPACTHBIM
KOOpAMHATAM OCYIIECTBIICTCS C MOMOIIBIO U3BECTHBIX [4] CTaHAAapTHHIX mpeobOpas3oBaHuil. B mpenensHOM ciydae,
KOTJa TONIIMHA JIMHUA CTPEMUTCS K MHHUMAaJbHOMY 3HAUCHMIO, 3aJaBas MUCXOAHBIH KOHTPACT M, BBIYUCISS €ro
3HAUYCHHE Ha BBIXOJE KojeKa, mo KpuTepuio (1) MOXKHO OLEHHTh MOTEHIHUAJIBHYIO YETKOCTh BOCCTAHOBIICHHOI'O
IBETHOTO M300paKEeHUSI.

IIpu aHamm3e WCKaKEHUH YETKOCTH H300pakeHUsT Ha BbIxoae Kkoaeka JPEG yuuThiBaeM criemyromiue
obcrositenscTBa: 1) DTam CyOAMCKpETH3allMU IBETOPA3HOCTHBIX KOMIOHeHT U m V TpHBOAMT K TOMY, 4YTO C

YMEHBIICHHEM KOHTPACTa U PasMEpOB OOBEKTOB, 3HaueHUs pasHOCTHBIX koopauHat usetHoctu AU u AV s

E3
BbIpaXkeHue (2) yMEHbLIAIOTCS B GONbIIEH cTeneHy, ueM pasHocTHas koopaunata ceetiotsl AW 5 2) 3purenshoe
BOCIIPUSITHE KOHTPAcTa M I[BETHOCTH MEJIKMX JieTalell CHIKAeTCs C YMEHBIICHHEM HMX pa3Mepa, 4TO OOYCIOBICHO
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cragom [TUX 3penust B 00J1aCTH BEpXHHUX IPOCTPAHCTBEHHBIX YaCTOT. [IpH 3TOM, ¢ OnpeaeieHHBIMHA OTPaHNICHUSIMH,
3HaYCHHE IBETOBOTO KOHTpAcTa (2) mpeobpa3yercs K CIeIyIoIeMy BHIY:

*re 173 * 173
L=75VE)|(Y [LjD™ = (Y [m,n])™], (©)
rae Y' — koopaumara spkoctH Ha Bbixoge Kogeka; V(0 ) — Kod(b(HIMEHT Craja KOHTPACTA 3PHTEIHHOIO
BOCTIPHATHA IITPUXOBOi MUPBI; O — pa3Mep MITPHXa, ONPENEISEMbIH YHCIOM JJIEMEHTOB pasioxenus. Takum

obpa3oM, BeIpakeHHE (3) TO3BOIAET MPOU3BOAUTH OIECHKY MOTCHIHAIBFHONH YETKOCTH M300paKCHUS MO SIPKOCTHON
COCTaBJIAIONICH C y4eTOM OCOOEHHOCTEH 3pHUTEIHHOTO BOCIPHATHS KOHTpAcTa MEJNKHX IeTalel W IMOTPerrHOCTeH
JIrOpUTMa KOJNPOBAHMUSL.

Pe3yabTaThl 3KCIIEpUMEHTAJIBHBIX OIIEHOK

JIJis MoJTyYeHHsT YUCIICHHBIX OIICHOK MCKa)KEHHI YeTKOCTH n3o0paxenus B crannapte JPEG Bocmonb3yeMcs
cnenyromeid Meroqukoil. Ha mepBom orame 3ajaeM MUHHMMalbHOE 3HAYEHHE KOHTpAcTa INTPUXOB ITAIOHHOTIO
TeCToBOTr0 M300paxkeHus B ¢opmare BMP, nmpu KOTOpoM OHM paziuMyaloTcs Ha BXoje Kojeka. Ha BTopom osrarme
BBINOJHACTCSL NPEe00pa30BaHUE TECTOBOTO n300pakeHHs: corsacHO craHaapta JPEG, m oIeHWBAIOTCS HMCKa)KEHHS
KoHTpacta L Ha BBIXOJEe KOJIEKa B 3aBHCHMOCTH OT IapaMeTpa MaTpHIbl KBaHTOBaHWA. Ha mociemnem stare
ONTUMH3UPYETCS] BHIOOP MapaMeTpa MaTPHIBl KBAHTOBAHUS, IMPH KOTOPOM HMCKaXCHHS YETKOCTH HM300pakeHHs Ha
BBIXO/IE KOJIeKa HE MPEBHIIIAIOT JOIYCTUMBIX MIPEEIIOB.

Ha puc.] moka3ana 3aBHCHMOCTh YBENWUYEHHs KOHTpacTta (3) IITPUXOB OT MapaMerpa ¢ MaTpHUIIBI
KBaHTOBaHUs, rae cxarue meronoM JPEG ocymectBneno B mporpamme Adobe Photoshop 5,0 um ucmnonb3oBaHsl

crenytomme uexoansie ganubie: L = 1 (CLI); V(6 )= 0,52; 6] =1; ¢oH - cepsrit. 3Hauenue L ,,;, OICHUBAIOCH IO

MHUHUMaJIbHOMY KOHTPAcTy IUTPUXOBBIX JIMHUH BEPTHKAIBHOW, TOPM30HTAIBHON M HAKIOHHOW OpHEHTalUd C
MUHUMAaJIbHOW ImupuHON mrTpuxoB. Ha puc.2 mokazan ¢parmeHT (256 Ha 192 »1meMEeHTOB) STaJOHHBIX TECTOBBIX
n300paskeHUH AT pa3HBIX 3HAUEHUH ¢, TTOCTIe JeKOIHPOBAaHUS.
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Puc. 1. 3aBucuMOCTh yBeTMYCHUS KOHTPACTA (3) MITPUXOB OT MapaMeTpa ¢

a) 0)

Puc. 2. JlexoaupoBaHHBIC TECTOBEIC M300pakeHus: a) ¢ =1, cxartue - 19,5; 0) ¢ =8, cxatue - 13,8.

[NonyueHHBIC YHCIICHHBIC OLIEHKH ITO3BOJIIOT CEJIAaTh BBIBOJA O TOM, 4TO NpH HcHonb3oBanuu Metona JPEG
B nporpamme Adobe Photoshop 5,0 u obecnieueHns BBICOKOH YETKOCTH M300paykeHHS 3HAUYEHHE ¢ JOJDKHO OBITh HE
MeHee 8.
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3akiaiouyeHue

PaccMoTpeHHBIE KpPUTEPHH OICHKH YETKOCTH B PABHOKOHTPACTHOH CHCTEME KOOPAWHAT W METOIUKA
YUCJICHHBIX OIEHOK ITO3BOJIIIOT MoJsib3oBarensiM crangaprta JPEG 000CHOBaHHO BBIOMpATh MapaMeTp KadecTBa C
[ebio obecreueHus TpeOdyeMol YeTKOCTH BOCCTAHOBJICHHOTO H300pakeHHs. Takxke pe3yabTaThl HACTOSIIEH paOOThI
MOTYT OBITh HCIIOJIb30BaHBI Pa3pabOTUYMKaMU AITOPUTMOB ¢ IUGPPOBOH Kommpeccuer m TB ammaparypsl mpu
HACTPOWKE M ONTUMH3AINHU ITaAPAMETPOB KOJIeKa Ha BBICOKYIO YETKOCTh H300paKEeHHUSI.

Jlureparypa

1. A.B. Jeopkosuu, B.I1. /leoprosuuy, I0.b. 3ybapes, I.H. Moxun, B.B. Heuenaes, H.b. Hosuyxuii Llupposas
00paboTKa TEIEeBU3HOHHBIX U KOMITBIOTEPHBIX n300paxkeHuid. Mocksa, HAT, 1997.

2. A.B. [soprosuu, B.IIl. [eopxoeuy, J.I. Maxapos, H.b. Hosuncxuii, A.FO. Cokonoé WcnblTaTenbHble
TabIMIB! A1 M3MEPEHHsT KauecTBa IH(POBOrO M aHAIOTOBOTO TEJICBM3MOHHOTO Bemianus // M: "625", Ne 8, 1999,
C.36-42.

3. C.B. Cati YeTKOCTh LIBETHOTO M300payKEHMSI B CUCTEMAaxX CO CIKaTHEM BH3YyalbHBIX JAHHBIX. XabapoBCK:
N3n-Bo Xabap. roc. TexH. yH-Ta, 1999.

4. C.B. Hosaxoeckuii 1IBeT B IBETHOM TeeBUacHUU. M.: Paauno u cBs3b, 1988.

<&

ESTIMATION OF DEFINITION IN STANDARD JPEG
Sai S.V.
Chairs Head of Computing Machinery
Khabarovsk State Technical University
Khabarovsk, Tikhookeanskaya, st., 136
Tel.: (84212) 35 83 13, Fax: (84212) 72 06 84, E-mail: sai @evm.khstu.ru

The particularities of standard JPEG, influencing on deterioration of color image definition are reported. Estimation criteria of definition
is proposed in U'V'W" equal contrast system of the coordinates. The results of experimental estimations of definition reestablished test images
depending on chosen matrix parameters of slicing factors DCT are reported.

Introduction

When designing digital television system with appears the following primary task. On the one hand
necessary to provide high efficiency of compression, with other — to provide the high quality image. At present
standard JPEG is considered one of the most efficient methods to coding steady-state images and is executed on base
of following stages [1]: 1)The transformation RGB signals in YUV with the following filtration and subdiscreet of
chroma components; 2)Partition the image on blocks (8 on 8 elements) and execution discrete cosine-transformation
(DCT); 3)The Slicing of transformation factors; 4) Statistical coding the factors DCT.

The deterioration of quality decoded image is depended on distortion, when performing 1 and 3 stages.
Subdiscreet of chroma components in correlation 4:2:2 provides the compression of source volume video date on 50%
and brings about small distortions the sharpness' of color transition and accuracy chrominance distortion small details,
which practically imperceptible by recipient. Main distortion appear in step of slicing of factors DCT, which possible
classify [2] as follows:1) Blocking effect; 2) Mosaic pattern; 3) Blurring; 4) Ringing;
5) Colour bleeding; 6) Staircase effect 7) DCT Basis image blocks. The choice of matrix parameters of slicing allows
to reduce the distortions, however, herewith falls the factor of compression. The traditional method at tuning TV
system for required quality is a method of subjective estimations, which has defects and not enough efficient at
decision of problems of syntheses and optimization of codec parameters.

Estimation of definition in equal contrast system of the coordinates

The definition is usually valued the number of discernible stroke lines with different spatial orientation —
vertical, tilted and horizontal. At criteria of definition is determined in following type [3]:

L=P (MCT), (1)
where left part presents the color contrast L lines and is defined the number of middle chromatic thresholds (MCT):
L=03,(AW")? +(AU")? + (V). @)

AW =W"[i,j]-W"[m,n], AU  =U"[i,j] - U"[m,n], AV =V"[i,j]—V [m,n]:
P — the threshold importance; U'V'W' — the coordinates of color in a coordinate system Wyszecki;

i, j — the spatial coordinates of stroke line (the object); m, n — the spatial coordinates of background; the coordinates
of color U'V'W' they are defined from the following expressions [4]:

Wx=25Y"3 _17; U*=13W*(u—-u, ); V*=13W *(v—v, ),

-3-
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where 1 <Y <100, W— the index of brightness; U and V' — the indexes of chrominance; u and v — the
coordinates of chrominance in diagram MacAdam; u, u v, — the coordinates of chrominance supporting white color.
The transition RGB — U'V'W" is processed by means of the known [4] standard transformations. In limiting case,
when thickness of lines strives to minimum importance, assigning source contrast and, calculating its importance on
codec output, the criterion (1) is define estimation of potential definition.

At analysis of distortion to definition on output JPEG codec take into account circumstances: 1) The stage an
subdiscreet of chroma components U and V brings about that with reduction of contrast and sizes of objects,

* & &
importance's of AU and AV in expression (2) decrease in greater than AW ; 2). The visual perception of
contrast and chrominance small details reduce with reduction of their size. Herewith, with curtained restrictions,
importance of color contrast (2) is converted to the following type:

L=75VE)|(Y L, iD" - (Y [m,n)"|, 3)

where ¥* — coordinate of brightness on codec output; V' (& ) — the factor of decline of contrast visual perception

stroke worlds; & — defined by number of elements. Expression (3) allows to produce the estimation of potential
definition on brightness with provision for particularities of visual perception of contrast of small details and
inaccuracy of coding.

Results of experimental estimations

The author used this method for estimation of definition distortions in standard JPEG. On first stage we will
assign minimum importance of contrast an lines of test image in format BMP, under which they differ. The
transformation of test image is executed on the second stage according to standard JPEG and are valued distortions the
contrast L on codec output depending on matrix parameters of slicing. On the last stage is optimized the choice of
matrix parameters of slicing, under which definition distortions to on output do not exceed the possible limits. On
Fig.1 is shown dependency of increase the contrast (3) from parameter ¢ matrixes of slicing, where compression by

method JPEG is realized in program Adobe PhotoShop 5,0 and are used following raw data: L = 1 (MCT); V(8 )=

0,52; o =1. Importance L,,; was valued on minimum contrast of stroke lines vertical, horizontal and tilted orientation
with minimum width.

Lo

1
0,8 -
0,6 -
0,4 -

0,2 -

0 4+—
01 23 4 5 6 7 8 910

Fig. 1. Dependency of increase the contrast (3) from parameter ¢q
Got counted estimations allow to draw a conclusion about that that when use JPEG in program Adobe
PhotoShop 5,0 and provision to high definition the importance ¢ must be not less 8.

q

Conclusion

Considered estimation criteria of definition is proposed in Uvw equal contrast system of the coordinates
and methods counted estimations allow the users of standard JPEG validly to choose the parameter of quality for the
reason provision required definition. Also results this work can be used by developers of algorithms with digital
compression and TV equipment's when tuning and optimization of codec with high definition.
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