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Paayenko HO.C.

BopoHexcknin rocyqapCTBeHHbIN YHUBEPCUTET, kadpegpa pagmodonamnku

1. PaznoxeHne curHanoB no 6a3ncy opToroHanbHbIX NOIMHOMOB

Myctb B nogobnactu {x,y}c Q Habniogaetca none s(x,y,T), npeacTaeBnsiowee cobon cparmeHT
nsobpaxenuns. 3gecb 1=(1(, T,) NapameTpbl casura dparmeHTa B gaHHoM kagpe. [Npouegypa cxatus,
CYLLECTBEHHO yrnpoLiaeTcs, ecnu 6asucHble pyHKUMK, Mchonb3yemble AN AWCKPETHOrO MnpeacTaBreHns
cuUrHana, MMewT BuL Om(X,y)= om(X)-0k(y), rae om(x), ¢ok(y) — ogHOMepHble (YHKLMKU, OCHOBaHHbIE HAa
OpPTOroHarnbHbIX NONMHOMax. Torga ons nonesHoro curHana s(x,y,T) MMeeT MecTo napa npeobpas3oBaHun

s(x,y) = Z kapm (X/aX )pk (y/ay)!

m,k
Crnk = OC_U s(ax21,3yZ2)P(21)Pm (21)P(22)Pk (22)dz1dzy =

QF : (1)
= o[ p(21)Pm (21)dzy [ s(ay 21,2y 25)p(22)pyc (22)d2,

B (1) a=1/(dndy), dm — HOpMa OPTOroHanbLHOro ¢ BECOM p(z) NOMMHOMA Pm(Z), ay,8y — XapaKTepHble
pasmepbl nopgobnactm €, zi=x/a,, z,=y/a,. [Ina nocnegosaTenbHOro BbluMCIEHUS WHTerpanos B (1)

LienecoobpasHo UCMOmMb30BaTh KBaAPaTYPHYIO POPMYIy rayCCoBCKOro Tuna fs(z)p(z)dz = Z Ays(zy,).
n=1
34ecb z, — HyNM NOMMHOMOB pPy(z), OpTOroHanbHbIX C BECOM p(Z); A, — yncna Kpuctoddens. Y3nel 1 Beca

{z,}, {An} OAHO3HAYHO OMpenenstTCcs BUOOM MOMMHOMA Pry(z). Ons nonMHOMOB YebbiweBa BbipaXeHune
Ans npsiMoro 1 obpaTtHoro npeobpa3oBaHnii UMeeT BUA

- M
Cp =8m % Z s(z,, ) cos(mtm nr 0'5), Sm(@) =g, % 2 C,, cos(m-arccos(z)),
= m=0
(2)

roe g, =1 npu m>0 n €n = 0.5 npy m=0. Sy(z)- curHan, BOCCTaHOBMEHHbI MO M crnekTparbHbIM

koacbpuumeHtam. CornacHo (2), Toukm otcueta z, =cos(m(n+0.5)/N) curHana s(z) Gepytcs

HepaBHOoMepHO. CuHTe3 curHana Sy(z) BbIMOMHAETCA B NPOU3BONbLHOM Touke ze[-1,1], @ He B OMCKPETHOM
Habope Touek oTcyeTa, kak B [KI1. TouyHocTb dopmynbl (2) npy npeobpasoBaHUM OOCTATOMHO MaAKMX
dyHKUMIM cylecTBeHHO Bbiwe, YeM Yy [KI1. [To3ToMy YMCo OTCHETOB MOXHO B3ATb 3HAYUTENBHO MeHbLue. B
TOM criyyqae, ecnn ucnonb3yeTcs ceTka oTcyeToB z=2j/(L-1) —1 +J, rae & - HekoTopbIn caswr, j=0,...L-1, a
LN TO BOCCTaHOBMNEeHHOe u30bpaxeHWe noaBepraeTcs reoMeTpudeckoMmy macluTabuposaHuo [2].
Anroputm npeobpa3soBaHusa (2), HaszoBeM OOOOLLUEHHBIM [OUCKPETHLIM KOCUMHYCHbIM npeobpasoBaHMEM
(GDCT) [1,2].

Ecnn uvcnonb3oBaTb pasnoXxeHwe Mo nonuHomam Jpmuta, (byHkuum napabonmyeckoro

uMnuHAapa) (pm(x)=exp(—x2/2a2)Hm(X/a)/\/\/E2mm!a, TO Mony4aem

1 2 x2

% J s(x) exp(
Jr20m!

zxks(zka\/_)Hm(zk\/—) (3)
\Vr2™ m! )

30ecb z, Hynu nonmuHoma Hy(z), a Kkzxfn-ZNHN!/[H}\I(Zk)]Z. PaznoxeHve (3)

LenecoobpasHo UCMonb30BaThb A1 06HapY)XeHNs ABUXEHUS (dparMeHToB N306paXKeHnst 1 OLLEHKM caBura T.
B nBymepHom npeobpasoaHnn GDCT B npegenax 6noka n3 N1xN1 Todek 6epytca NxN oTcueToB
curHana no 3akoHy

Cp, = )Hm( )dx =

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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X, = ROUND(0.5- (N1-1)- (1+ cos(n(n +0.5)/N))),
yk = ROUND(0.5-(N1-1)- (1+cos(n(k +0.5)/N)))

|-|pI/I NoJIMHOMMUAaribHbIX npeo6pasoBaHM;|x I/I306pa>KeHI/I$| HepaBHOMEPHOCTb OTCYETOB OOCTUraeTcA
MponyckoM 4acTu nukcenoB. OTcyeTbl curHana obpasyloT MmaTtpuuy S :”Snk ||=||S(Xn,yk)”. 3artem 3Ta

MaTpuua npeobpasyeTcs B MaTpuLy crnekTpanbHbiX kosdduuneHtoB C pasmepom MxM. Npu oGpaTHOM
npeobpasoBaHMn MOXET UCNONb30BATLCS NPSIMOYrornbHasi MaTpuua pasmepom LxM.

Bo3MOXHOCTM MpeanoXeHHoro anropytma Obinv  MccnedoBaHbl  3KCnepuMeHTanbHo. B 6noke
nsobpaxeHun pasmepom N1xN1 anemeHToB BbiOMpaeTca maTtpuua NxN otcyetoB (N<N1). B 3aBucumocTun
OT Tvna usobpaxeHus BbiOMpanucb cnegywlme 3HavyeHns napametpoB: N1/N=16/8, 12/8, 12/6, 8/6. 3atem
Cc nomollbto npeobpasoBaHua GDCT Bblumcnsetrca matpuua MxM un3 cnekTpanbHbiX KO3(hULMEHTOB,
KOTOopble B [JarfbHehlweM npeobpasyloTcd unu npu NOMOLM MaTpuubl KBAHTOBaHWUS, Wnn MNyTem
perynupyeMon Hu3ko4yacToTHou cunbTpaumu. [pu BoccTaHoBneHUU wusobpaxkeHus dopmupyeTcs 6ok
pasMepom LxL anemeHToB. OTHOLWIEHNE pa3mMepoOB BOCCTAHOBIIEHHOIO UM MCXOAHOro 6rokoB BbiOMpanoch
L/N1=1-2-4-6 n peanusoBbiBanacb, Takum o06pa3oM, (YHKUUA reoMeTpuyecKkoro MaclutabupoBaHus
BOCCTaHOBMEHHOro nsobpaxeHus. Cxatue nsobpaxenuns B anroputme GDCT B 1.8-2.5 pa3a 6onbLue, 4em B
JPEG.

2. ObHapyxeHune nameHeHun cpparmeHToB

CBOMCTBO HEWHBAPWAHTHOCTM MNOMUHOMMANbHLIX nNpeobpasoBaHWi K CABUTY CUrHana MOXHO
Mcnonb3oBaTb ANs MOCTPOEHUs OOHapyxutens uameHeHun. CTpykTypa anropytMa oxatus [OOIDKHa
BKMOYaThL cnegytowme atanbl: 1) pasbueHne un3obpaxeHud Ha Onoku, 2) npeobpasoBaHne dparmeHTa
n3obpaxeHus B AMCKPETHY0 ¢opmy B Oasnce OpPTOroHarnbHbIX MOMMHOMOB, 3) MpOBEpka rMnotesbl O
HanNM4Mn M3MeHeHnn B 6roke (Ha30BEM 3TO MONE3HbIM CUrHanoMm), 4) oueHKa napameTpoB cABWUra curHana.
HaunyJywne pelieHnss NOCTaBMEHHbIX 3adad uenecoobpasHo MckaTb Ha OCHOBE CTaTMCTUYECKOW Teopuu
pelieHun. byaem cuuTtaTb, YTO B Kagpe MNOMesHbli curHan HabniogaeTcs Ha oHe aaauTmeHoro 6enoro
raycCOBCKOrO LyMa CO CreKTpanbHOM NOTHOCTBLI0 MoLWHOCTU No/2. PaccmoTpum cnegytowme runotessbl

Hi:  &()=sq(r)in(r), Hat  &(r)=so(r,t)(r). (4)

3gecb r=(x)y), sj(r)=s(r)—curHan B npegblgyleM kagpe, s,(r,T)=s(r—1T)-CurHan B Tekylem
Kagpe, re Q. NpaBuno nposepku runotes (4) npy aHannse KOHeYHOro Yncrna moa umeet BuA. [Noactaensaga B
(4) BekTOpHOE pasnoxeHwe Habnogaemoro nons &(x,y) M curHana s(x,y,T) no 6asncHbIM  YHKLUAM
Om(X),0«(y) nonydaem ctpyktypy norapncpma ®OI1 B BUAE

2 (1) (2) >
max A(T) = (2X C.. —C 7 (1)] Ay, 5
ax A(T) NOkE km (Cim — Ciam ))< 0 (5
roe Xgm = J.E_,(x, Y)Om (X)9y (y)dx,Ag =hy+(E;, —Ej,)/Ng - nopor npuHsTHs pelueHusi, ho-,

BbIGMpaeTcs B COOTBETCTBUM C OAHWM W3 KpUTepueB onTumanbHocTu, Ej- aHeprua curHana Si(r), j=1,2,
copgepxawero v mog. Pacnpenenenne ctatnctmkn maxA(t) npu No—0 B nepBom nNpubAmKeHMn MOXHO
cuuTaTtb rayccosckum [3].B Takom criyyae BepOsSiTHOCTb OLUMGKM pasnuyeHus

2 2
P 1@ Eiy +Epy —2JEEoyRy | I—® \/Ch €y T 92€2y —2q192+/EvEav Ry ©)
e - .

2N, 2

Pei e
el — 3necb R, = J.Slv (r)Syy, (r)dr/JE{ Eyy, -
e HOPMWPOBaHHbIN  KO3D(PULIMEHT KOppensaumm OByx

—a curHanos, ¢€,=E;/E;, ®(u)-mHTerpan BepOATHOCTMW.

Dm%# Ha pwucyHke npuBegeHbl 3aBucumoctn  Pg(q),

paccymTaHHble no cdopmyne (6) Npu pasHoOM yucne
Lo AN obpabatbiBaembix Mop v=1,2,4. W3 pacyetos

cnegyet, 4TO AnA OOHapyXeHWs WU3MEHeHWA B
Gnoke BMOMHe [OCTATOMHO  NpoaHanu3MpoBaTb

6(1
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3 BocCTaHOBMEHUEe CXKaTbIX CUrHANOB MPU HaNU4YMm LWYMOB.
Y4yeT @ryKTyaUMOHHbIX LIYMOB, BCErda peasibHO CYLIEeCTBYHOLMX BMECTE C MOSIe3HbIM
CUrHamom, MpUMBOAMT K TMOSIBMEHUIO ONTMMAanbHOrO Yucra Mof, KOTOpble WCMONb3ylTca  AnA
BOCCTaHOBMeHus u3obpaxeHuss. bByoem cunTaTh, 4YTO [ONA  BOCCTAHOBMEHMs wucnonbayetca K mof
~ K_1~
pas3noXeHust Sp(x) = Z Cy®m (x). Ons onpepenenns otnmumsi Si(x) OT Sy(x) 3apapumcs
m=0
€BKNMA0BOWN MeTpuKon. Toraa

3 ) K-1 M M
() ={ [(Bk0-su) dx )= ¥ DCw)+ ¥ Ch= 2k+ 3 & | ")
Q m=0 m=K No m=K

B Bblpaxenun (7) qrzn :2Cr2n/N0 - OTHOLIEHNe curHan/wym ans moabl ¢ nHaekcom m. Owmnbka

<€’> COCTOWT U3 ABYX KOMMOHEHT. NepBast — chriyKTyaumoHHas ownbka, cesizaHHas ¢ oTknoHeHnem C, ot
Cm, oHa Bo3pacTaeT ¢ pocTom K . BTopas KOMNoHeHTa 06ycnoBneHa aHeprueit He BOCCTaHOBIIEHHbIX MOA,.
OueBMHO, YTO OHa YGbiBaeT ¢ pocToM K. Ecnn g2 -MUHMMarnbHoe , @ q2,, - MakcUManbHoe OTHOLLEeHWe
curHan/lym B oCTaTOYHOM MOAOBOM PasfoXeHUW curHana, To MOXHO 3anucaTb 04eBUAHOE HepPaBEHCTBO

2 2 <€2 >N0 2 2
Mqpin + K= qipin) < T < Mdmax + K(1—qmax)- (8)

To ecTb HOpMMpOBaHHas oLnbka u(K)=<82>N0/2, Kak OyHKLUS nepeMeHHon K, nexnt mexay AByMs
Makopupyowmnmmn dyHkumusmm f;(K)=M qrznin +K(1- qfnin ), f2(K)=M qfnax +K(1- qrznax ). Bo3MOXHbI TpM
cnyyas nosegeHust HopmupoBaHHon ownbkn WK): a) qmax<1, 6) qmin>1 B) Omax>1, Omin <1. B cnyyae a) —

dyHkums (k) MOHOTOHHO Bo3pacTatowas. B criyvae 6) - dpyHkumsa W(K) MOHOTOHHO ymeHbLUaeTcs. HakoHed,
B cnyyae B) noBegeHue k) HEMOHOTOHHoe. JTO nerko yBuaeTb, nepenucas (7) B Buae

M >~ 2

N3 aTomn OopMynbl crnegyeTt, 4To Moka >1 cnaraemble noA 3HaKOM CYyMMbl

H(K):[m Y (qzm_l)], hopmy. ay I A y
m=K

nonoxutenbHble, W(K) ybbiBaeT. HO kak Tonbko qrzn cTaHeT <1, To owwubka W(K) HayHeT BO3pacTaTb.

CnepoBatenbHO OnNTUMarnbHOE YMCO BOCCTaHaBnmMBaembix mog K onpenendeTcAa COOTHOLWEeHunem qr2n =1.

MoaTomy farnbHeiillee HapaliMBaHWe KOMMOHEHT curHana Sy (x) Heuenecoo6pasHo.
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ALGORITHMS OF CHANGABLE IMAGE SUPPRESSION, PROCESSING AND RECOVERY AT
POLYNOMIAL CONVERSIONS

Radchenko Yu.
Voronezh State University, Radio Physic Department

In {x,y}e Q sub-domain s(x,y,t) field being a fragment of an image is observed. Here 1=(ty, Ty)
parameters of the fragment shift in this short. Then for s(x,y,t) signal there exists a pair of conversions in the
basis of orthogonal polynomials, @mk(X,Y)= ®m(X)-0k(y)

S, Y) = Y, Coebun (/3 pi (y/2y)+ Conke = O P(20)Pm (21)dz1 [ 5(ax 71,8y 22)p(22)ic (22)d75,
m,k
(1)

In (1) a=1/(dndy), dm — norm of orthogonal with p(z) weight of pm(z) polynomial, ay,a, — typical sizes
of Q sub-domain, z,=x/a,, z,=Yy/a,. For Chebyshev polynomials the conversion algorithm is referred to the
generalized discrete cosine conversion (GDCT) [1,2]. In GDCT algorithm the reference points of s(z) signal
are taken non-non-uniformly. Non-uniformity of samples is reached by missing a part of pixels. Synthesis of
the signal is performed rather at an arbitrary point, than in the discrete set of reference points as in DCT. The
recovered image is easily subjected to the geometrical scaling [1,2].

Hermit polynomial decomposition (functions of parabolic cylinder) is preferred to use for detecting
the movement of image fragments and estimating 7 shift.

The capabilities of the proposed algorithm were researched experimentally. In the image block of
N1xN1 elements size there selects a matrix of NxN samples (N<N1). Then with the help of GDCT
conversion MxM matrix is calculated from spectral coefficients. While recovering the image a block of LxL
elements size is generated. The ratio of sizes of the recovered and initial blocks was selected as L/N1=1-2-
4-6. The image suppression in GDCT algorithm is in 1.8-2.5 times more than that in JPEG.

The feature of non-invariance of polynomial conversions to the signal shift can be utilized for building
a changes detector. The structure of the suppression algorithm must include the following steps: 1) divide
images into blocks, 2) convert the image fragment into the discrete form in the orthogonal polynomial basis;
3) check the hypothesis concerning the presence of changes in the block (let us call it a desired signal), 4)
estimate parameters of the signal shift. Consider the following hypothesises:

Hit o &(n)=sa(r)(r), Ha:  &(r)=sa(r,1)+n(r).

Here r=(x,y), s;(r)=s(r)—signal in the previous short, s,(r,t)=s(r—1)-signal in the current short,
re Q, n(r)- white noise. The rule of checking hypothesises at the analysis of the final number of modes is the
following.

2 >
max A(‘[) = N—O z (2ka (Cl((lf)n - Cl(jr)l (T))<A0, (2)
k,m

where X, = f&(x,y)(pm (X)@ (y)dx, A -threshold of decision-making. From the calculations

of the distinguishing errors’ probability according to rule (2) follows that for detecting changes in the block it
is quite enough to analyze the number of modes less than 4.
Consideration of fluctuation noises that actually always exist along with a desired signal leads to the

appearing of optimal number of modes, which are used for the image recovery.
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