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CHCTEMBI CBSI3M HOBOTO TIOKOJICHWS OPUCHTHUPOBAHBI HA Tepeaady MHPOPMAUOHHBIX MOTOKOB PAa3IMYHOTO
BHJIA, TO €CTh SIBJISIOTCS MYJIBTUMEIUMHBIMU TEJIEKOMMYHUKAIMOHHBIMH cucTeMamu.[1,2] B cBs3u ¢ 3TUM nepenava
TEJICBU3MOHHBIX M KOMIIBIOTCPHBIX H300paKCHUH, BUACOKOH(EPCHIMM W BHUICOCOTOBAas CBS3b MPEIIIONIAraroT
MIPUMEHECHUE TIPOLICAYP CKATUs M300pakeHMid. B mocieqHee BpeMs BBIIOTHEH psil paboT, B KOTOPHIX MPEIIaraeTcs
MPUMEHATh PAa3JIOKEHHUS MO 0a3uCy KIACCUYCCKUX OPTOTOHAIBHBIX TOJMMHOMOB OpMmuta, Sxoodm (Jlexanmpa,
UYeoOpmmena) [3,4]. Ot mpeobpazoBaHus 00JIAAAIOT BEChbMa KOMITAKTHBIMHU CIICKTPaMU, KOTOPBIC YYBCTBHUTEIBHBI K
CIBHTY aHAIM3UpyeMoro ¢parMenTta. B manHO# paboTe MPUBOIATCS PE3yNbTaThl HCCIEAOBAHMU OJHOTO U3 BAPHAHTOB
TTOJIMTHOMUANIFHBIX TIpeo0pa3oBaHUil — pa3liokeHHWe W CHHTe3 Mo Oasucy moiamHoMoB YeOwimea I w II popa.
Brruncnenne cHeKkTpampHBIX KO3((QHUIIMEHTOB TPOM3BOAUTCA C TOMOIIBIO KBaxpaTypHoil ¢opmynsr [aycca —
UeoOpimieBa, oOnamaromieli HAWBBICHICH CTEIEHBIO aireOpandecKol TOYHOCTH MPH 3aJaHHOM YHUCIIE OTCYETOB.
[ToxazaHo, 4TO MPH 3TOM MOTYYAIOTCS MPeoOpazoBaHUsA, KOTOPBIE SABISIOTCS 0000IMICHNEM TUCKPETHOTO KOCHHYCHOTO
U CHHYCHOTO TIpeoOpa30BaHHUH.

1. Pa3jio:keHHe CUTHAJIOB 110 0a3UCY OPTOrOHAJbLHBIX MOJIHHOMOB.
IIycte B momobmactm {Xx,y}e() Habmiomaercst mone s(X,y,T), HpeAcTaBigomiee coboil  (parMeHT

u(x,y)I,(X,y) npocrpancreentoro curnana. 3aeck I (X,y) - unaukaropras dyskums nopobuacru, T=(T,, T)

mapaMmeTp caBura (parmMeHTa B JaHHOM Kanpe. basucHple QYHKIMH @ (X,y), UCHOIB3yeMBIE OIS THUCKPETHOTO
NIPEACTABIEHNUS CUTHAJIA S(X,Y,T), ONPEIEIAIOTCS aHAIMTUYECKMMH CBOWCTBAMHU CaMOI'0 CUTHAja U FE€OMETPUUYECKOM
¢dbopmoii momobmactu Q. OnmHako, pealM3anys MPOIEIyphl CXKATHA, OCOOCHHO IS TOJMHOMHAIBHBIX 0a3MCOB,
CYIIECTBEHHO YIPOIIAETCs, €CIIM MMeeT MecTo (paxropm3anust GyHKIHH @ni(X,y)= On(X) O (y).30ech On(X), O (y) —
OIHOMEpHBIE (DYHKINM, OCHOBAaHHBIE HA OPTOTOHAJBHBIX MOJIMHOMAX. Toraa Ui TMOJNE3HOTo cHTHana S(X,Y,T) IMeeT
MECTO Tapa npeodpa3zoBaHuit

s(x,y,r)=Z%ka(r)cpm(x)(pk(y), Coic(T)=] [5(%,9,7)@,,( x )i ( y Jdxdy. (1)
m Q

Jnst pa3noxeHus CUTHAIOB U M300paKCHUH MOXKHO NPHMEHSITh CIEAYIONIME KJIACCUUECKUE OPTOrOHAIBHbIE
MHOTrouneHbl: a) OpmuTa; 0) Jlexanapa; B) momanomsl YeOrimesa I u II pona. Eciu 0603Ha4uTh ay,a, — XapaKTepHLIE
pasmepsl TogoonacTu £, z,;=x/ay, zZ;=y/ay, T0 (1) MOXKHO IEpeNnKucaTh ¢ UCIOJb30BaHUEM OPTOrOHAIBHBIX OJIMHOMOB
B BUJIE

S(%Y)= 3 Co Pl X/ ay Jpi( v/ ay)

mk

Cote =(dydy )7 [[5(a, 210,29 (20 )Pl 21 (22 )Pi( 29 )2, d2, =
Q" )

=(ddy )7 [P0 21 )Pl 21 )z [ S( @210, )P 2 )Py ( 25 )2y

3nech d,,, — HOpMa OPTOTOHAJIBLHOTO C BECOM P(Z) MONMHOMA Pyy(z). IToCKONIBKY 1U1s pa3noKMMBIX 0a3uCHBIX QyHKIMH
Omk(X,y)= On(X) Ok(y) BBIUHCICHHE CHEKTPAIBHBIX KOA((OUIMEHTOB MPOU3BOAUTCS  MOCICAOBATEIbHBIM
HHTErpUPOBAaHUEM MO0 KOOpAMHATaM (X,y), TO MJIsl YIPOIUEHMS aHalliM3a PAacCMOTPHM CHadaia OIHOMEPHBIE
npeoOpa3oBaHus, a 3aTeM 0000IIMM WX Ha ABYMEPHBIN CITydai.

2. AiropuTm npeodpa3zoBanuii Yedblimena.
IIycte mmeercss mpomecc f(z), KBaZpaTWYHO HMHTETPHPYeMBIH ¢ BecoM P(z). Torma MOKHO 3ammcaTh
KBaJ[paTypHYIO (OPMYIIy TayCCOBCKOTO THIIA HAMBBICIICH alreOpanveckoil CTENEeHH TOYHOCTH mopsaka 2N-1 kak

N
J f(z)p(z)dz=Y N, f(z,). 3nech z, — HyIH MONMHOMOB Py (Z), OPTOTOHAIBHEIX ¢ BeCOM P(z); A, — umcna
n=1
Kpucroddens. Yanel u Beca {z,}, {A,} OIHO3HAYHO OLPEIEIAIOTCA BUAOM OPTOTOHAIBHOTO C BECOM P(Z) IIOJIMHOMA
Pm(z). st monmmuaomoB YeOwimena nomydaercs Gopmyna Memnepa (["aycca-UeOnimena)
1 Ls(z)T,(z) n N
— =" dz = Y5( 2y (2, ). 3)
dm -1 1_Z2 dmN n=0
3nech z,=cos(m(2n+1)/2N) —uyau nonuHoma YeObimea I poga Ty(z); A,=T/N — T0 eCTh BCe BECOBbIE KOI()DUIIUEHTHI
ONIMHAKOBBI, HOpMa monuHOMa YebOwmeBa d,=m/2, ecoim m#0, w d,=r, ecou m=0. YuuTeBas, dYTO
T(z,)=cos(m-arccos(z,))=cos(mtm(n+0.5)/N), TpUXOAUM K BBIPOKECHHUIO IS TPAMOTO H 0OpaTHOTO
npeoOpa3oBaHuit
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2 N-l +0.5 1 N
Cp == 3 s( 2, Jcos(Tm™——=2), Co=1|— S5(z,)
N n=0 N N =0
“4)
2 M 2 M
Sul(z)=8n, —ZCme(z)=gm — >.C,, cos(m-arccos(z))
Nm:0 N m=0
J0.5 ,m=0 N
3necy g, = . B ¢opmyne (4) ucnonp3oBaHa CHMMETPHUYHAs HOPMHPOBKA Oa3WCHBIX (YHKUMH,

1 ,m>0
yaoOHas I MPAaKTHYECKOM peanu3aliy MpeoOpa3oBaHuii B MaTpHYHOM BHJE. Breipakenue (4) BecbMa IOXOXKe Ha
TaKk Ha3bIBAEMOE YETHOE IHCKpEeTHOe KocuHycHoe mnpeoOpasoBanue (JIKII) [2]. Ho uMeeT Tpu BaXKHBIX OTIMYHMS:
1)Touku otcuera z, =cos(T(n+0.5)/ N ) curnama s(z) Gepyrcst HepaBHOMepHO. 2)CuHTe3 curHama Sy(z)
BBINOJIHSACTCSL B IPOMU3BOJILHOM Touke z€ [-1,1], a He B auckpeTHOM Habope Todek orcuera, kak B JAKII. 3)Touynocts

(dopmysl (4) mpu mpeobpa30BaHNH TOCTATOYHO THankuX (GyHKIWi cymecTtBeHHo Boime, yeM y JIKII. TToatomy umncio
OTCYETOB MOKHO B3SITh 3HAYUTEIHHO MEHBIIIE.
Ecnu npyu BocCTaHOBIEHMH B3ATh HEPABHOMEPHYIO CETKY OTCYETOB IO 3aKOHY z=cos(n(j+0.5)/L), j=0,...L-
1, To o6paTHOE TpeoOpa3oBaHUe TPHUHUMAET BU]T
M .
Su(z;)= gm\/% Y ¢,y cos(mmd 22, )
m=0
[IpeobpazoBanue (5) Beirsaut ananoruuHo JIKII, onnako cnekrpaibHble KOA(QQUIMEHTH OTINYAIOTCS OT
criekTpasibHbIX Ko durmentos oosruHoro JKII. B ToMm ciryuae, eciii Hac HHTEpeCyeT paBHOMEpPHas CETKa OTCUETOB
2;=2j/(L-1) —1 +0, Tne & - HekoTOpBIi caBwr, j=0,...L-1, T0

M
Su(zj)=8n % E_,OCmcos(m~arcc0s(2j/(L—1)—1+5). (6)

3. baounsie npeodpazoBanus (GDCT)
[lepeiinem Tenepb K ABYMEPHOMY BapHaHTy mpeobpasoBanuii curHana s(x,y). [Iycts B mpeaenax Gioka u3
NI1xN1 touek, 6epyrcs orcueTs! curHaga NXN MTyK 10 3aKOHY
x, =ROUND(0.5-(N1-1)-(1+cos(n(n+0.5)/N)))
yi = ROUND(0.5-( N1-1)-(1+cos(m(k+0.5)/N))) 7)
Ortcuersl curHama oOpasyrOT MaTpuly S = ||snk|| = ||s( X5 Vi )|| . 3arem 5Ta Marpuua npeoOpasyercs B

MaTpUIy CIEKTpalnbHbIX Kod(pduuuentoB C pasmepom MxM. Ilpu oOpaTHOM mpeoOpa3OBaHUH MOXKET
HCIOJB30BaThCsI MPSAMOYroiibHas marpuia pasmepom LxXM. To ecTh BocCTaHOBICHHBIN OJIOK mMeeT pa3mepbl LXL.
[Ipsimoe u o6patHOE TpeodpazoBanue Ueonimea (GDCT) B MAaTpUIHOM BUAE ONPEIEIISIOTCS ONIEPaIlusIMU

~anT T
c=|c,.|=95¢ Ss=vTcy (8)
Martpuusl npsmMoro u obparHoro npeobpasosanust GDCT umMeroT Bua

) P V0.5
=0l n )y =\/; (n+0.5)
N

cos(m

Y= Hcos(m-arccos( Zj )I‘LM =|lcos( m- arccos(

2j1—1+5))H )

B uacrHoM ciydae MOxHO monarath 0=0. JluckpeTH3anus apryMeHToB {X,y} mo mnpasmiy (7) OPHBOIUT K
TTOSIBIICHHIO TTOTPEUTHOCTH KBAaAPAaTYPHOH (OPMYITBI M HETOYHOMY BEIYHCIICHHIO CIIEKTPANBHBIX K03 duimenTos. s
YTOYHEHHSI PAacdeTOB MOXKHO MPOM3BECTH HMHTEPHOJLINMIO 3HAYCHHUSA TONA S(X,y) B TOUKAX PACIIOJOXKCHHUS HyJeH
MTOJTMHOMOB YeObIIeBa 1Mo 9eThIpeM OIFKANIIIM OTCIEeTaM.

4. PesyabTatsl ucciaenoanus anropurma GDCT

Hrak, B 6moke m3obpakennii pazmepoM N1XNI1 amemenToB BeiOupaercss Matpuma NXN orcdetoB (N<N1).
Tak mpoucxoaut cxatue Ha cryrneHu | mpouexypsl. 3arem ¢ nomorublo npeotpazoBanusi GDCT Beramcisiercs
Matpuia MxXM u3 Hanbosee 3HAYMMBIX CHEKTPAIBbHBIX KO3((UIMEHTOB, KOTOpBIE B AANbHEHIIEM MPOPEKHUBAIOTCS
WY TIPY TTIOMOIIM MaTPHLBI KBAHTOBAHMSI, JIH IIyTEM PEryJIHpyeMOl HU3KOYAaCTOTHOW (iIbTpalyy. Tak NpoucXo Ut
cxarue u3obpakenus Ha Il crynenu npouenyps. [Ipu BoccTaHoBiIeHHN n300pakeHHs: popMupyeTcst 60K pa3MepoM
LXL amemenToB. IIpu BoccTaHOBIeHHU pa3mep Onoka LXI. MoxeT ObITh MEHbIE, paBeH WIM OOJbIIe pa3MepoB
ncxoxHoro 6moxa NIxNI.

Jnst aKcriepuMEeHTOB ObLT BBIOpaH HAOOp MCKYCCTBEHHBIX M300payKeHUH M HaTypHBIX GoTorpaduii. L[BeTHbIC
n3o0paxkeHus: ObUTM IpeacTaBieHbl B 24 OutoBoM ¢opmare BMP. C sTumM M300pakeHUSIMH OCYIIECTBISUIMCH
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cnenyromue omnepanud. 1) IlepexkommpoBka 8-6utoBeix R, G, B —xommonent msera B Y,U,V 10 mnpaBuiy:
Y=int(0.299R+ 0.587G +0.114), U=int(R-Y=0.701R-0.587G-0.114B), V= B-Y=int(-0.299R-0.587G+0.886B). 2)
Cybmuckpernzanus Matpuil Y,U,V mo ogHoMy u3 3akoHOB: 4:4:4, 4:2:2, 4:2:0. 3) CrnekrpanbpHOe NMpeoOpa3oBaHue
marpun Y,U,V Ha ocHoBe GDCT. B 3aBHCcHMOCTH OT THITa N300pakeHUsI HAa TIEPBOM CTYIEHU CXKATHsI MTPOBOAMIOCH
npopexuBanne B nponopiu N1/N=16/6, 16/8, 8/6. 3aTem mpoBoaniIock npeoOpa3oBaHue CIIEKTPATHHON MaTPHIIBI
C nmns peanu3zanuy BTOPOWM CTYNEHH CKaTthsg u3o0pakeHus. 4) JIis ympomieHWsl COTIOCTaBJICHHS HCXOIHOTO H
BOCCTaHOBJICHHOTO M300paKeHUH MPOBOIMIOCH BOCCTaHOBJICHHE O0ka pazmepoM NI1XNI1, To ecTh OBUIO BBEIOpaHO
N1=L. 3arem npou3BoaMIach BU3yaJbHas OllEHKa KadecTBa mM3o0pakeHus. Ha ¢urypax 1-6 moka3zaHbl pe3yibTaThl
mpeoOpa3oBaHuii 00BEKTa THIA «ITOPTPeT» ¢ momonibio anroputMoB GDCT u JPEG. HccnenoBanus mokasaim, 9410 B
3aBHCHUMOCTH OT TUMa m300paxenuit anroputv GDCT B cTaTHUECKOM PEKUME MO3BOJSICT YBEIHYHUTh CTCIICHD CKATHS
10 3 pa3 o cpaBHeHuIo ¢ anroputMoM JPEG.
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RESEARCH OF IMAGE SUPPRESSION ALGORITHMS IN BASIS OF POLYNOMIAL CONVERSIONS
(ALGORITHM GDCT)
Radchenko Y.S., Savinkov A.Y.
Physics Department, Voronezh State University,
1 Universitetskaya Sq., Voronezh 394693, Russia

In this paper we introduce the results of the research of one of the variants of polynomial conversions —
expansion and synthesis in basis of Chebyshev polynomials of I and II types. It is shown that the formed conversions
are the generalization of the sampled cosine and sine conversions.

Suppose that we have s(x,y,T) field as a fragment of the image in subdomain {x,y}€ Q. In order to expand
signals and images we use the following classical polynomials: a) Hermite; 6) Legendre; B) Chebyshev polynomials of
I and II types. If ay,a, — typical sizes of the Q subdomain, z,;=x/a,, z,=y/a,, then (1) can be rewritten using the
orthogonal polynomial as

S(X,}’)= zcmkpm(X/ax )pk(y/ay)
m,k

Cote =(dydy )7 [[5(a,21,a,25 J0( 2 )P 20 0 20 )Pi( 22 Jdzyd2, =
QF (1

=(dpdy )7 [P0 20 )Pl 21 )2y [ s( a2y 0,20 (20 )pi( 25 )z,

Here d,;, — norm of p,,(z) orthogonal polynomial with p(z) weight.
Suppose that have quadrature-integrable process f(z) with p(z) weight. Then the quadrature formula of

N
Gaussian kind with highest algebraic accuracy about 2N-1 can be written as J f(z)p(z)dz=Y N, f(z,). Here z, -
n=1
zeros of py (z) orthogonal polynomials with p(z) weight; A, — Kristoffel numbers. Nodes and weights {z,}, {A,} are
uniquely determined by py(z) orthogonal polynomial with p(z) weight. We have Meller formula (Gaussian-
Chebyshev) for Chebyshev polynomials

1 Ls(z)T,(z) mt Nl
m dz = T . 2
d, _jl 1-z2 ¢ d,N ,Ebs( &n Jon( 2n ) @

Here z,=cos(m(2n+1)/2N) —zeros of Chebyshev polynomial of I type Tn(z); A,=1t/N, norm of Chebyshev
polynomial d,=n/2, if m#0, and d,=r, if m=0. Taking into account that T(z,)=cos(m-arccos(z,))=
=cos(mm(n+0.5)/N), we arrive at expression for the direct and reverse conversions
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2 N n+0.5 1 N
C,, =+|— > s(z, )cos(mm ), Co=+—225(z,)
Nn:0 Nn:O
(3
2 M 2 M
Sy (2)=8mrl— 2C T, (2)= g |~ .C,, cos(m-arccos(z))
Nm:O Nm:0

Here g,=1 for m>0, g =-/0.5 for m=0. The expression (4) is similar to the so-called even sampled
cosine conversion (SCC). However it has three main differences. 1) z, =cos(m(n+0.5)/ N ) reference points of

s(z) signal are taken irregularly. 2) Synthesis of the Sy(z) signal is performed rather at the arbitrary point ze [-1,1],
than in the sampled set of reference points, as in SCC. 3) The formula accuracy (4) with the conversion of the
sufficiently smooth functions is substantially higher than in SCC. Therefore the number of samples can be less.

If we take in conversion the irregular sample grid according to zj=cos(n(j+0.5)/N), then the reverse

M
conversion assumes the form of SM(Zj )=8.,N2/N Y.C, cos(mm( j+0.5)/L) (j=0,...L-1), that looks
m=0
similarly to SCC. However the spectral coefficients differ from the spectral coefficients of common SCC. Provided
the we are interested in the regular sample grid z=2j/(L-1) -1 +8, where 0 - some shift, j=0,...L-1, then

M
Su(z;)=8m % z_,oCmcos(m-arccos(Zj/(L—l)—1+5). 4)

Let us pass on to the two-dimensional variant of the signal conversion s(x,y). Suppose that in the block the
matrix S = "Snk " = "s( X Vi )" of samples of NxN size is generated from N1xN1 points according to
x, =ROUND(0.5-(N1-1)-(1+cos(m(n+0.5)/N )))
yi = ROUND(0.5-( N1—1)-(1+cos(n(k+0.5)/N))). (5)
Then S is converted into the matrix of C spectral coefficients of MxM size. While the reverse conversion the

rectangular matrix of LXM size is used. The recovered block is of LXL size. The direct and reverse Chebyshev
conversion (GDCT) of the matrix kind are determined by the following operations

c=|c,,|=98%" s=wTc¥ (6)
Matrixes of direct and reverse conversion GDCT are below

) 2 V0.5
O=[0n(n ), =\/: (n+0.5)

N | cos(tm
( N

2j

m,l

b4 =Hcos(m~arcc0s( Zj )I‘LM =|lcos( m - arccos(

1—1+8))

‘ )

Thus in the image block of N1xN1 size the matrix of NxN samples is selected (N<N1). In that way the image
suppression is performed at the first procedure step. Then with the help of GDCT conversion the matrix MxM is
calculated from the most significant spectral coefficients, which are then thinned out using the quantization matrix or
the regulated low-frequency flirtation. In that way the image suppression is performed at the second procedure step.
While image recovering the block of LXL size is generated. While recovering the block size (LXL) can be less, equal
or more than the sizes of the initial block N1xN1.

The set of artificial images and natural photos were selected for the experiments. The colored images were of
the 24-bit format BMP. With theses images 8-bit R, G, B color components are code-converted into Y,U,V and the
Y,U,V matrixes subsampled according to one of the principles: 4:4:4, 4:2:2, 4:2:0. Depending on the image type at the
first step of image suppression the thinning is performed in the ratio of N1/N=16/6, 16/8, 8/6. Then the recovering of
C spectral matrix was carried out for the implementation of the second step of the image suppression. Further the
arbitrary visual estimation of the image quality was performed. The research showed that depending on the image
type, GDCT algorithm in the static mode allows us to increase the degree of suppression up to 3 times in comparison
with JPEG algorithm.
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