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Camapckuil 20cy0apcmeeHHbL A3POKOCMUYECKUL YHUBEPCUMEm

Annomauusn

B pabote permaercs 3a7a4a BOCCTaHOBIICHUS OONbIIEQOPMATHBIX H300pakeHN TTOCPEACTBOM
¢unbTpanmy. OnuceIBaeTCS METOJ CEKIIMOHMPOBaHHOW cBepTkH. [IpexncraBisiercs metosa BbIOOpa
OIITHMAJIbHOTO pa3Mepa Oinoka. [IpuBoantcest 6azoBeiii anroputM 1D nns BeIOpaHHOTO paszmepa
0710Ka, YKa3bIBAETCsl €ro BHIYMCIUTEIbHAS CJI0KHOCTD, & TAKXKE XapaKTEPUCTUKH PeaTi3aliu.

Beeoenue

B nacrosiei pabote permaercs 3ajada BOCCTaHOB-
nenus (W GuibTpanmu) 6osbinedopMaTHBIX H300pake-
HHUH C LEJbI0 YCTPaHEHHUs UCKa)KEHUH, KOTOpPBIE MOSBIIS-
10TCs B TIporiecce ()OPMHUPOBAHUS U Iepeaadn n3odpaxe-
HUA 10 KaHasiaM cBsi3U. CyIecTByeT MHOXKECTBO padoT, B
KOTOPBIX PEIIAoTCsl MoJO0OHbIe 331auu (CM., HampuMep,
[1], [2], [3]). Onnako, naxke onmUCaHHBIN B IUTEpaType a-
TOPHUTM CEKITHOHUPOBAHHOW CBEPTKH [ 1], KOTOPBIH MOXKET
OBITh TIPUMEHEH K OOJbIIe()OpPMATHBIM H300PaKEHHSIM,
Kak TPaBUJIO, HE MPEIyCMaTpPHBAcT ONTHMH3ALUM aJro-
pPHUTMA IT0 BBIYUCIUTEIBHOH CIOKHOCTH.

Ectp xXOpomo u3BecTHbIE MpOorpaMMBI 00padOTKH
n300pakeHHH, MMO3BOJISIONINE BBINOJIHATE (PUIBTPAIHIO
(manpumep, Adobe Photoshop). Opnako Takue mpo-
rpamMMBbl, Kak MpaBWIO, HE INpelHa3HaueHbl sl oOpa-
6oTku OospuieopMaTHBIX M300paXKEHUH, U, TeM OoJiee,
Juisl GUIBTPaMK M300paKEHUs! 110 Mepe NOCTYIUICHUS
nHdopmanmu. Taxk MOMBITKA MPOCTOrO «OTKPBITHSI» B
Adobe Photoshop 220-merabaiitHoro m300pakeHHS B
¢dopmare TIFF tpebyer oxomo 300 M6 amckoBoro mpo-
CTPAHCTBA U BBIIOJIHAETCS OKOJIO 9 MUHYT Ha KOMIIBIO-
tepe Pentium-III, 650MI', 128M6 RAM.

Hwmxke OynyT M310XeHBI OCHOBBI Pa3pabOTaHHOTO
aBTOpaMH I10/IX0/1a, MO3BOJISIOIIETO ONTHMH3HPOBAThH
BBIYHCIIUTEIBHYIO CIIOKHOCTD (DHIIBTPALIIH.

Hpouedypa 60CCMAHOG/ICHUA U ee onmUMU3lauuA

Bouiuucnenue ceepmru cnexkmpanibhbim Memooom

W3BecTHO, YTO BBEIXOIHAS IOCIEAOBATEIHEHOCTD
¢GbuIbTpa TPEACTaBISET B MATEMAaTHYECKHX TEPMHHAX
CBEPTKY HWCXOJHOW TIIOCIETOBATEIBHOCTH X(7) W WM-
IyJIbCHOM XapakTepucTHKH ¢uibTpa A(n). B cBoto oue-
pelb, M3BECTHBIH CIOCO0 3((PEKTUBHOTO BBIYUCICHUS
CBEPTKH COCTOHUT B HCIIOJIb30BAaHUU TEOPEMBI O CBEPTKE
u 6sicTporo npeodpasosanus Oypwe (FFT) [1].

Hycte y(m)=(x*h) (m) - nuckperHas kpyrosas

CBepTKa ABYX N-TIEpHOAMUYECKUAX (QYHKITHIA:
N-1
y(m)zz x(n)h(m—n). (D)
n=0

Torma, KaKk W3BECTHO, ULl CIIEKTPOB THCKPETHBIX
npeobpazoBanuii dypoe

N-1
P(m)=2 y(n)o™, )
n=0
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rae m:exp{zﬁ%]}, m=0,1,...,N—1, cupaBemanBo co-

OTHOILICHHUEC

y(m)=x(m)h(m). (3)

[MosTomy BBIUHCIEeHUE cBepTKH (1) ¢ momomipko (2)
¥ (3) MOXeT OBITh TIPOBE/ICHO 110 CXEMe MPUBEICHHON Ha
puc. 1, rne OJII® - obpaTHOe AUCKpeTHOE Npeodpa3o-
BaHue Oypoe:

N-1
-1 ~ —mn
y(n)=N"" H(m)o ™. 4)
m=0
Hamumune OBICTPBIX anrOpUTMOB BBIYUCICHHS IIpe-
obpazoBanuii (2) u (4) MO3BOJSAET CYIICCTBEHHO CHU3HUTH
BBIYHCIIUTENIFHBIC 3aTPATHI.

x(m) o X(m)

(m) Jo— y(m)
h
ﬂ» JID him

Puc. 1. Boiuucnenue yuxauueckou ceepmru uepe3 BI1D

OueBHIHO, YTO CyMMapHasi CIOXHOCTh TAaKOTO BBHI-
YHUCIICHHUS CBEPTKH orpeiensiercst crioxkHocThio FFT 1 paBHa

W (N)=2Wgpr (N)+, (5)

e Weer(N) - cnoxxaOCTh IpeoOpazoBanus Dypee, A - KO-
JIMYECTBO JIOTIOJTHUTEIBHBIX OIMCPAIMiA JUTSl BBIYUCIICHUS
MPOU3BEIICHUST CIIEKTPOB. 31IECh TMPEATIONAracTcs, YTO
CITOXKHOCTh BBIYHUCIICHHS TPSMOTO M 00OpaTHOro mpeodpa-

30Banust ypbe OJMHAKOBA, U CIIEKTP ﬁ(m) VIMITYJIECHOU
XapaKTepUCTUKN (QUIBTPa /(1) paccuuTaH 3apaHee.

CEKHMOHMDOG‘QHHOQ BblHUCIeHUe ceepmKu

Jlist 3agaq nuHelHo! udpoBoil GunbTpanuu cur-
HAJIOB, T.€. BBIUUCIEHHsI AUCKPETHOM amnepuoAndYecKOn
CBEPTKH

o0
y(n)= > h(k)x(n-k), (6)
k=—0

TUTIUYHOHN SIBIISETCS CUTYyalHs, KOTJa JUIMHA IMpeodpa-
3yeMoil Mocie0BaTeIbHOCTH X(7) BO MHOTO pa3 Ipe-
BBIILIACT IIMPUHY KOHEYHOW HMMIYJIbCHON XapaKTepu-
ctuku h(k). B atom ciydae 3(eKTUBHBIM sBIIsiCTCS
METOJ] CEKIMOHHMPOBAHHOTO BBIYMCIICHHUS CBEPTKH.
[IpomsBeneM aHanW3 BBIYUCIUTEIBHOW CIIOXKHOCTH H
ONTUMM3ALHNIO TIPOLEAYPHl BBIUUCICHHUS CBEPTKH C



ceKnoHupoBanueM. ClieyeT OTMETUTb, YTO U3BECTHEI
JIBa OCHOBHBIX METOA CEKI[HOHUPOBAHUS CBEPTKH: IIe-
PEKpBITHA C CyMMHPOBAaHHEM U HEPEKPBITHA C HAKOII-
nenveM [2]. Bropoii meron Heckoibko 3(QeKkTrBHEe
no o0beMy BBIYHCICHHH M ynoOHEee B MPOrpaMMHOI
peanM3alyy, MOTOMY HHXKE OylIeT paccMaTpUBAThHCH
TOJIBKO OH.

[TycTp UMIynbCHAsE XapaKTepUCTHKA (SIpO CBEPT-
K1) UMEET JUIMHY B M OTCYETOB W OTJIMYHA OT HYJS Ha
uHTepBaiie [-M, M 1 (M+ + M+1=M. Toraa npenenst
CYMMHpPOBaHHS B (6) CTAHOBSTCSI KOHEYHBIMU:

M+

y(n): Z h(k)x(n—k)~ (7
k=—M"

Ilpyu BBIYKCIIEHUHM OJHOMEPHOM amepuoIUYECKON
cBepTKHW Bua (7) UCIOIb30BaHNUE CEKIIMOHUPOBAHUS TIO
METOAY IEPEKpPBhITHS C HAKOIUIEHHEM 3aKIII09aeTcs B
cienyronieM. M3 BXOIHOHM MOCIENOBATEIEHOCTH BEIJIC-
msrotest 6moku x (k) pasmepom B N orcuero (N=M) ¢
nepekpbiTieM B (M-1) Toukax (cM. puc. 2):

) (k)=x[k+1 (N=M+1)]
npu 0<k<N-1, [=0,+£1,%2,... .

x1+l(k)
(k)
xm(k)/_R
(n) '//_/\ . . . . ;
T % =+ + ¥ ¥ ¥ >
. ' 1 . . " 1 B .
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Puc. 2. Cxema pacnonosicenusi 610K068 npu ceKYyuoHUpOBaHUU 00HOMEPHOU CEEPMKU
MemoOOM NepeKpbimus ¢ HAKONACHUEM

C moMomipio AUCKPETHOTO OPTOTOHAIILHOTO TPe0d-
pazoBaHMs JUIMHBI N Ul KaXXIO0ro OlOKa BBIYHCIIACTCS
€ro MUKIIMYECcKas CBEpTKa C UMITYJIbCHOH XapaKTepHUCTH-
KOW (JIOIOJIHEHHOW 10 9TOH [UIMHBI HYJISIMH), B PE3YIlb-
Tate yero (opMupyioTcs Bexomubie 6moku V7 (k) Takoit
XKe IIMHBL. [lOCKOJBKY WMITyJbCHas XapaKTepUCTHKa
KOHEUHa, WCKWKEHWSIM Wu3-3a JI(PQPEKTOB HAJIOKCHHUS
BCJICICTBHE ITUKJIMYHOCTH TOIBEPKEHBI JIMIIH KpaifHue
OTCYETHI BBIXOJIHBIX OJIOKOB (IO M u M ¢ xaxmioi cro-
poHsbl), a ux cpeaaue (N-M+1) OTCYETOB TOYHO COBMA-
JTAFOT ¢ NCKOMBIMH 3JIEMEHTAMH aIllepHOINYECKOI CBEPT-
ku. [loaTOMy 3aKITIOYMTENFHBIM IIaroM IpeoOpa3oBaHmit
SIBJIICTCS TIOJIyYEHHE BBIXOAHOW MOCIIEI0BATEIBHOCTH U3
CpeTHHX YacTel BHIXOIHBIX OJIOKOB:

kst (N=m+1) =" (k),

MT+1<k<N-M™-1.

TaxkuMm 06pazom, Ha Kaxapie (N-M+1) 0TCHETOB BhI-
XOJHOHN TIOCNIEIOBATENFHOCTH BBIYUCIISIETCS OZHA LIUKIIH-
Yeckasi CBepTKa, 4To TpeOyeT BbimoiHenus W(N) apupme-
THdeckux omepaiuid (5). Cumrtas BXOJHYIO MOCIEIOBa-
TEJIbHOCTh OGCKOHEYHOH, OMNpENeINM YHCIO ONEparui,
MpUXOAAIIeecs Ha OAUH OTCUET BBIXOJHOrO CUrHana. [y
UMITyJIbCHOM XapaKTEepUCTUKU JUIMHON M OHO PaBHO:

U ( M):M . (8)
N-M+1

Bemuuuna (8) ciyxuT KpuTepueM ONTHUMHU3ALIN
CIEKTPAJILHOTO aJITOPUTMA BBIYMCIIEHHS CBEPTKHU C CEKIIMO-
HUPOBAaHUEM U JOJDKHA ObITh MUHUMHU3HPOBAHA 32 CUCT:

a) BeIOOpa Hambosee ObicTporo amropurma JOIT
JUTHHBL N, UCTIONB3YEeMOTr0 TPH BBIYUCICHUH IHKIINYC-
CKOM CBEpPTKHU;

0) BEIOOpA ONTUMAIILHOM TMHBI CEKITUU N.

Pe3ynbrats! Takol ONTUMU3ALMY TIPEACTABIICHBI HIDKE.

JlaHHBI TOIXOA JIETKO 0000mIaeTcs Ha Ciydvai
JMHEHHOW (uubTpanun IBYMEpHBIX CHUTHAJOB (M30-
OpakeHUIA), T.C. BEIYUCIICHUS TBYMEPHOH CBEPTKH

y(l’ll,l’lz):

Fow ,
= > 2 hlkky)x(n—ky,my—ky)
k=M k=—M;

+ + — — o
rne M ,M, ,M{ ,M, -TrpaHulsl NpAMOYTONbHON 00-
JIaCTH HEHYJEBBIX OTCYETOB JBYMEPHOH HMMIIyJIbECHON

XapaKTepUCTUKHU. J[ByMepHOe IoJjie OTCUETOB H300pa-
JKEHUS, KOTOPOE CUUTAETCA OCCKOHEYHBIM (3aJaHHBIM
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Ha BCEll IUIOCKOCTH apryMEHTOB) pa3OMBaeTcs Ha paB-
HBIC TIPAMOYTOJIBHBIC 010KK pasMepamu N XN, ¢ mara-

v (Ny—My+1) u (Ny—M,+1), tae My=M{ +M{ +1,
My=M5+M3 +1:

X(ll’lz) (k1 ,kz ):

=x|:k1 +ll (Nl _Ml +1),k2 +12 (Nz —M2 +1):|
pu OSkl <N1 , Oﬁkz <N2 , Zl ,12 =0,£1,+2,K

C moMOIIBI0 IBYMEPHOTO AHWCKPETHOTO OPTOTO-
HAJILHOTO TIpeoOpa3zoBaHus paszMepamu N XN, A Kax-
Joro OJI0Ka BBIYUCISAETCS €r0 HUKIMYEecKas CBEpPTKa C
HAMITYJIbCHOM XapaKTEpUCTUKOH, B PE3yJIbTAaTE YEro
(GOpMHPYIOTCS BHIXOIHBIE GIOKH y(ll’ZZ) (ki,ky ) Taxux

)Ke pasmepoB. Jlanee M3 cpeJHUX YacTel BBIXOAHBIX
OJIOKOB (hOPMHPYETCS HCKOMBIH pe3yIIbTaT:

y|:k1 +ll (Nl _Ml +1),k2 +12 (N2 —M2 +1):|=
=y(11>12) (k17k2)

npu M +1<kj <N;—M7 1, M3 +1<ky <N, —M7 —1
Anaror kputepus (8), T.e. YHCIO apuPMETHIECCKUX

omepaluii, npuxopsmieecs Ha OIUH OTCUET BBIXOJHOTO

CHT'HAJIa, B JAHHOM CJIydac 3a/1aeTcsl BRIPAKCHUEM:

W (N.N)
(N1 =My +1)(Ny =My +1)’

rae W(N',N°) - ancio onepariuii Ipy BEIYHCICHAN IIBY-
MEpPHOM IIUKINYECKON CBEPTKH pa3MepamMu N'xN°.

U(My,My)=

Onmumuzayusi CnekmpaibHo20 aieopumma
OJ151 BbIYUCTCHUSL ceepmKu ¢ CeKuyuoHuposaHuem

Hawnbonee nomyssspHbIM W M3BECTHBIM JITOPUTMOM
Beraucnenus JAI1P (2) o cux mop ocraercst aropuT™ Obl-
crporo npeodpazosanus Oypre (BI1D), mpeaiokeHHBIN B
1965t. Kymu u Teroku [1] ¥ paccMaTpuBaeMbIil OOJTBITUH-
CTBOM IIOJIb30BaTENNEH Ul MOCIEN0BATEIbHOCTEN, UIMHA
(e TIepro;T) KOTOPBIX PaBHA TIENIOM cTerneHn mByx: N=2".
HeGmaronpustaeiM - cnenctBueM  momyisipHoctd  BI1D-
anroputMa Kynu-Teloku sBIIsI€TCS IIMPOKOE pacnpocTpa-
HEHHE MHEHHS O TOM, YTO NMPUMEHSTH AUCKPETHOE MPeod-
pasoBanue Oypbe NPAKTUYHO JIMIIb [IPU TAKOW JJIMHE MO-
crnenoBarensHocTH. B pesynbrate BIId-anroput™el cranu
JIUKTOBATh MApaMETPhl TPHUMCHSACMBIX YCTPOWCTB BMECTO
TOr0, YTOOBI IPMJIOKEHNUSI TUKTOBAIN BBIOOP TIOIXOASIIIE-
ro aigropurma BII® [1].

B 3amauax, He TpEAIIONAraroINX KCCTKUX ara-
paTypHBIX TpeOOBaHUI K JJIMHE 00pabaTHIBAEMOTO CHT-
HaJla, TPUMEHEHHUE TOJIBKO TPAJAWUIIHOHHBIX aJITOPUTMOB
BII® Kynu-Trioku NPUBOAUT K HEOOXOOMMOCTH YBe-
JIMIUBATh MEPHO]] 00pabdaThIBA€MbIX CUTHAJIOB - T00aB-
JIATh HYJNEBBIE OTCUETHI A0 OJIKANIIEro «XOpOIIETo»
nenoro yucna Buaa N*=2". Takue 4nciia pacioioKeHbI
B HATYpaJbHOM pAOY BeChMa PEAKO, YTO NMPHBOIHUT K
MOYTH JIBYKPATHOMY YBEIUYCHUIO yICIHHOWU BBIYUCIH-
TENBHOM CJIOKHOCTH [UIS «IUIOXHX» N, PaBHBIX, HAIIPH-
mep, 2" +1=N (cm. puc.3 rpadux 1).

Ha camom niene ObIcTpble aJlrOpUTMBI Ipeodpaso-
BaHus Pypbe MOTYT OBITH MOCTPOEHBI I OOJBLIOTO
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Habopa mwH. B HacTosimed pabote aBTOPBHI MPOU3BO-
JIT BBIOOP ONTHMAIBHOM CTPYKTYPHI alrOpUTMa AITHHBI
N Ha ocHoBe, cinenyrouux bIId-anroputmos:

1) BII® Kymu-Teroku ¢ JEeKOMITO3UIHEH MO0 OCHOBa-
wuto 2 [1], [2];

2) BII® Kynmu-Teroku ¢ JEeKOMITO3MIHEH MO OCHOBa-
HusM 3 u 6 [4];

3) penykuus ['yna-Tomaca, 11 popMupoBaHus anro-
PUTMOB MPOMEKYTOUHBIX UTHH [1], [2];

4) cnennansHbie anroput™sel 110 kopoTkux ammH [2];

5) ucnonb30BaHHE WAECHU COBMELICHUS I BEIIECT-
BEHHBIX BXOJIHBIX AaHHBIX [1], [2].

Ha puc. 3 npencrasieHs! rpaguku yaeapHOH apud-
METUYECKON CJIOKHOCTH BBIYHCICHHS CIEKTpa KOM-
IJIEKCHOM OJIHOMEPHOH TMOCJIEOBATEILHOCTA TIPOU3-
BOJILHOW JUIMHBL. 31ech N - peanbHbId niepuon; W*(N) -
yraensHast apupMeTHIecKas CI0XKHOCTh (IHCIo apupme-
THUYECKHX OTIepaIii Ha OJMH OTCYET BXOJHOTO CHTHAja)
Bbuncienus: bII® curnana ¢ yBeIMYEHHBIM NEPUOJOM
N*>N. Ha rpaduxe | npuBeneHa CIOXXHOCTb BBIYHCIIC-
HUSI CIICKTPa TPAJUIMOHHBIM criocoOoM — Ha 6aze BIID
Kynu-Throk# 0 OCHOBaHUIO 2.

W*(N)

100

50

0 T T T T T T T T
0 2000 4000 6000 N

Puc. 3. Yoenvuas cnooxcnocmo sviuucienus
OOHOMEPHO20 CneKmpa

Ha rpaduke 2 mnpencraBieHa BBIYHCIUTEIBHAS
CJI0)KHOCTh HAWIYYIIECTO alTOPUTMA, BBIOPAHHOTO W3
peyIoKeHHOTro Habopa. [Ipu 3TOM CIIOKHOCTH TPeoo-
pazoBaHusi yMeHbIIaeTcsl B cpeaneM B 1,6 paza. Otme-
TUM, YTO JUIA Psja JUIMH yJeNbHAs CIOXHOCTh BBIYHC-
JIEHUS CTIEKTpa CHIKaeTcs OoJiee ueM B JiBa pasa.

UM
1
100 - 2
0 : :
0 1000 2000 M

Puc. 4. Yoenvnas cnoocnocmo eviuucierus
00HOMEPHOU C8epmKU

Puc. 4 noka3piBaeT 3aBUCUMOCTb yIIE€IbHOU CIIOXK-
HOCTH BBIYHCIICHUS CEKIIMOHUPOBAHHON CBEPTKH JUIHMH-
HOTO CHTHajJa OT pa3Mepa MMITyJbCHON XapaKTepPHCTH-
KHA. 37ech TakkKe IMEepBBIH IpaduK COOTBETCTBYET WC-
10J1b30BaHN0 TpaauuuoHHoro BII® Kymu-Teroku no
OCHOBAHHIO 2, a BTOPOH rpaMK MOKA3bIBAET yICIbHYIO
CJIO)KHOCTH BBIYUCIICHHUS CBEPTKH IPH HCIOIH30BAHUHI
mpejuiaraeMeix anroputMoB. CoueTaHWe CEKIMOHUPO-



BaHusa U dpdexTuBHbix BA JIII® npuBoauT K CHUXKE-
HUIO CJIOKHOCTH BBIUMCIICHHS cBepTkH B 1,1-1,4 paza.

B 1BymMepHOM cilydae MOSBIISIOTCS JOMOJHHUTEINb-
HbIE BO3MOYXHOCTH JIJIsl CHIDKEHHSI BBIYHCIUTEIbHOM
cnoxHocty BII®, a, cnexoBaTenbHO, ¥ CBEpTKU ((DUIBT-
pamum). B gacTHOCTH, 3aMeTHBIN 3P QEeKT maeT npume-
HEHHE CYIICCTBEHHO ABYMEPHBIX aJTOPUTMOB, BMECTO
W3BECTHOM MPOLEAYPHl MOCTPOYHO-CTOJIOIOBOrO Mpe-
00pa3oBaHUsL.

Ha puc. 5 mpuBencHa MHHUMANbHAs YACIbHAS
CJI0)KHOCTH BBIYHCIICHHS CIICKTpa JBYMEPHOTO MAacCHBa
obrema NxN mocpenctBoM mpeoOpasoBanHus Dypse
obbeMa N*xN* tne N*>N BbIOpaHO W3 MPEaIaraeMoro
nuamnasoHa JuthH. ['paduk 1 mocTpoeH ams cirydasi, KO-
rla HCIOJb3YyeTCs IOCTOPOYHO-CTOJIONOBBIH CHOCO0
npeoOpasoBanus npd N*=2", rpapuk 2 IOKa3bIBAET
BO3MOXKHOCTH TOCTPOYHO-CTOJIOLIOBBIX aJTOPUTMOB H3
pacmmpeHHoro Habopa miuuH, TpaduK 3 MOCTPOEH TP
HCIIONIb30BaHUHU CYILIECTBEHHO JIBYMEPHBIX aJTOPUTMOB.

W*(N)

400

200

0 500 1000 1500 N
Puc. 5. Yoenonas cnosrcnocmo evivucienus

08YMepHO20 cnekmpad

HccnenoBanvus MOKa3bIBAIOT, YTO B IBYMEPHOM CITY-
Yae paclIMpeHue rana3oHa JJIHH MO3BOJSCT YMCHBIIHUTh
BBIYHCIUTENIHHYIO CIIOKHOCTh B cpeaHeM Ha 63,8% (wm
110 92%, TO ecTh MPaKTUYECKH B 2 pa3a B OTACIBHBIX CITy-
yasix). [lepexo]] K CyIIECTBEHHO IBYMEPHBIM allrOpPUTMaM
TI03BOJIIET YBEJIMYHUTH 3TOT BBEIMTPHIII B cpeHeM 10 74% (
i 10 97,5% B OTAGNBHBIX CITyJasx).

AHaNOTHYHBIE PE3YNbTATHl MOTYT OBITH MPEICTaB-
JICHBI IO pe3yJbTaTaM ONTHMU3AIMU BEIOOpa pa3Mepa
0JI0Ka JUTS IBYMEPHOW CEKIIMOHHUPOBAHHOM CBEPTKH.

OnmumanvHas peanusayus
Ovicmpozo 0symeprozo anzopumma AP 216x216

3agaua ONTHUMM3ALUU CIEKTPAIBHOIO alropuTMa
JUISl BBIYMCIICHUSI CBEPTKH C CEKIHOHMPOBaHUEM Obliia
pellleHa HaMM [JIs1 UCIOJIb30BaHUsI B KOHKPETHOM cHC-
TeMe 0o0paboTku OOoJbIIEPOPMATHBIX H300pAKCHUHA C
3aJaHHBIMH pa3MEpPaMHU BBIXOAHOTO OJIOKa HE MEHee
170x170 nukcenoB M pa3MepaMy UMITYJIBCHOH Xapak-
TepucTukd 45x19 mukcenoB. B aTux ycioBusix onTu-
ManbHBIM OKa3ajoch ucnoinb3oBaHue BIID 216x216
(u1H 6°x6%), ANrOPUTM KOTOPOTO HPEJIATACTCs HIKE.

TIpeocmasnenue KOMNICKCHbIX YUCEL 8 BUOE Y-KOOOE
ITycts

y:exp(zn%):% (—1+i\/§) , 7=% (—l—i\/g) .

Torpma mis KOMIDIEKCHOTO YMCIIa z, Hapsiay c aj-
reOpanyeckoil opmoi mpencrasieHus z=a+bi, BO3-

MoOXHa U popma z=ys+7Yp [4], rie BEIIECTBEHHBIE X H

Yy CBA3aHbI C YUCJIaMU a U b cooTHOIIEHUAMHU

A Yo (- Vg

(B wacTHOCTH, IS BEIIECTBCHHBIX Z CIIPABEIUBEI
PaBEHCTBA z= -S= -p ).

[Tapy BemecTBeHHBIX uwncen (s, p), aCCOLUHUPO-
BaHHYIO C TIPEACTaBICHUEM z B BUAC z=Ys+Yyp , Oyaem
HA3bIBaTh Y-KOJAOM 4YHCIA z. ApUPMETHYECKUE ICHCT-
BUSl HaJl KOMIUICKCHBIMH YMCIIAaMU HHIYLHPYIOT Clie-
JYIOIINE TPaBUIIA NEHCTBHS HAll KOIAMU:

(s,y)+(p,v):(s+u,p+v) , 9

(s,p)(u, v)=((p—s)(v—u)+sv,(p—s)(v—u)—pv)
TakuM 00pazoM, CIOKEHHE KOMITJICKCHBIX YHCET,
MPEJCTABICHHBIX Y-KOJaMH, PEaTH3yeTcs C IOMOIIBIO
JIByX BEIIECTBEHHBIX CJIOXEHHH, a YMHOXCHHE - C TO-
MOIIBI0 TPEX BEIICCTBCHHBIX YMHOXCHUH W TPEX CIIO-
KCHUH, TO €CTh HE CIOXKHEEe, YeM YMHOKCHUC U CIIOKE-
HUC KOMIUICKCHBIX YHCENI B OOBIYHOW alre0panvecKoi
¢dopme. OCOOCHHO TPOCTO peaTU3yeTCsl YMHOKCHUEC Ha
yucna y u }_( , IMCIOIIIUE COOTBETCTBEHHO KOAHI (1,0) u

(0,1). Cootnomenue (9) B 3TOM ciay4ae IPUHAMAET BHI;

(1,0)-(u,v):(u,u—v)
(O,l)-(u,v):(v—u,—u) ’
1 HE COJCPKUT HETPUBHAIBHBIX YMHOKCHHH.
OTMmeTuM, 4TO HUCHOJB30BAHUE TAKOTO MPEACTaB-
JICHUs JAHHBIX BBITOJAHO HE TOJIBKO JUISl alrOPUTMOB
npeoOpazoBanust Pypbe o ocHoBaHuio 3 [4], HO U I
BII®-anropuT™OB 1O OCHOBaHWIO 6, Tak KaKk KOpPEHb
LIECTON CTENEHH U3 €AMHUIIBI PaBEH -:

E 1
p 6 p 3 Y-

Onucanue

(10)

anropurMa. Ilyecte  N=216 wu

x(nl ,nz) - ABYMEpHasd BXOJHAasl KOMIIJICKCHAs IOCJiC-

JI0BATEIBHOCT, wzexp(zn%v) x(my,my) - nBy-
MEpHBIH AUCKpETHBIN cekTp Dypre:

N-1 N-1

x(my,my )= Z Z x(nl,nz)wm1n1+m2n2 . (1D
n1:0 n2:0
Torna pexykimst npeodpazosanuii (11) x 1D mac-
NN

CHBOB 00BeMa (FX?) OCYIIECTBIIAETCS 110 hopmyIe:

5 Vel
x(my,my)= z @Mt Z x(6m+a,6my+b)x
a,b=0 =0

5
X(m6 )m1n1+m2n2 _ Z Sa,b (ml ’mz)
a,b=0

., (12)

1.c. Beruncienue 1D oowema 216x216 cBogurcs k 36
JI® o6wema 36x36 u T.4. Ilpu 3TOM yKe Ha BTOPOM
mare, it BeraucieHus 1D oObema 6x6 mpu mpen-
CTaBJICHUH CTCICHEH ® M BXOJHOHM IOCIECIOBATEIBHO-
CTH Y-KOJaMH YK€ He TpeOyeTCs BEIICCTBEHHBIX YMHO-
JKEHMI.
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Euie ogHuM (akTopom, yHnpoUIAIOUIMM alrOpPUTM
HII®, aeasercs TO, YT0 QYHKIUU S, (M ;,M;) JOCTATOU-
HO BBIUHCIATH IJIA Tap (m;,m;), JeKAINIUX B OTHOCH-
TeNBbHO MaJoi "(yHIaMeHTaIbHON o0macTu':

A={ 0<my, my<¥-1} .

JlelicTBUTENBHO, €CTU ‘t=exp(n% ) u (mi,ng)eA s

TO
N N \_ ao+b
Sa.b (ml—i-oc oM +P 6)—1 BSa,b (my,my) .

Peanuzanusa npemioxkenHoro anroputma JI1D
MPEJIIoaraeT BHIMOJHCHUE CICIYIOMCH IMocieaoBa-
TEJIBHOCTH IIATOB.

Illar 1. dopmupoBaHWE MaccuBa Y-NPEICTaB-
JICHHW BXOJHOW IBYMEPHOH IOCICIOBATCIBHOCTH pPa3-
Mepamu 216%216, a Takke KOHCTAHT alropuTMa (CTe-
MeHeHl M), eciu mocienHue He cOopMUPOBaHBI 3apaHee.

[lTaru 2-4. TlocnenoBaTenbHOE BBIIOJHEHUE TPEX
1aroB BBIYHCIICHUH corjiacHo (opmyie peaykimu (12),
U B pe3yJbTaTe - (OPMHUPOBAHKE ABYMEPHOTO TUCKPET-
HOro Dyphe-CIeKTpa, NPEACTaBICHHOTO B Y-KOaX.

3aMeTHM TaKke, YTO ONMHCAHHBIA aNrOpUTM TO-
3BOJISICT BBIYHCIIHTH HE TOJBKO MPsAMOE, HO U 00paTHOE
npeobpazoBanue. s OJII® maru 1-4 HOKHBI BBI-
MIONHATHECS B 0OpPAaTHOM MOpPSAKE: CHadaia U3 TUCKpPET-
HOTO CIICKTpa, MPEICTABICHHOTO B Y-KOJaX, MOIy4aeTCst
Y-TIpEICTAaBIICHUE BBIXOJHOW JBYMEPHOW TOCIIEI0Ba-
TENBHOCTH, a 3aTE€M BBITIOJHICTCS ONepaIys AeKOAUPO-
BaHU, T.. IIEPEBO/A MOCIEIOBATEILHOCTH B TPaIHUIIH-
OHHYIO KOMIUIEKCHYIO (hopmy.

Kpome TorO, A1 IEpEMHOKEHHUSI CIEKTPOB MPH
BBIYUCIICHIH IUKJINYECKOW CBEPTKH OJIOKa HET HE00XO-
JMUMOCTH B TIEPEXOJIC OT raMMa-KOJOB K CTaHAaPTHOMY
KOMILUICKCHOMY TPEJCTABICHUIO, TaK KaK YMHOXXCHHE
KOMILUICKCHBIX YHCeN B 00enx (hopMax TpeICTaBICHUS
HAMEET OJTUHAKOBYIO CIIOKHOCTb.

BemucnuTenbHAs CIOXKHOCTD M CTPYKTYPHAS Xapak-
TCPHCTUKA alNrOpUTMa. AHAJIM3 BHIYUCITUTCIIBEHON CIIOKHO-
ctu npeasioxxeHHoro anroputMa JI11® nokaswiaer, 4to oH
TpeOyeT BBIIOMHEHUS OKOJIO 50 apugmemuueckux onepa-
yuil 8 pacueme Ha 0OUH KOMNJIEKCHbIU nUKcel Tpeodpasye-
MOTO JBYMEpHOTo Maccua 216%216 u sBnsiercs nHanbomnee
MIPOCTBIM B PeaM3aIlii CPEIH BCEX M3BECTHBIX aITOPUTMOB
JTI® maccusa (NXN) ipu 150 < N <360.

Jns cpaBHEHHS OTMETHM, YTO TpPAJAWIMOHHBIE MO-
CTPOYHO-CTOJIOIOBEIE OBICTPBIE aJTOPUTMBI JTBYMEPHOTO
JII® B yka3aHHOM Auana3oHe pa3MEPOB MMEIOT BBbIUMC-
JIUTENBHYIO CIIOXKHOCTh HEe MeHee 80 orepaliyii Ha MUKCeTL.

Kpome TOrO, CyIIeCTBEHHBIM JOCTOMHCTBOM aj-
TOPHUTMA SIBIIICTCS €r0 MPOCTasi CTPYKTypa.
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CxemMa JEKOMIIO3UIIMK OIHOPOJHA, BKIFOYAET
Bcero Tpu mara. Beraucnenus (maru 2-4) MOTyT peainu-
30BBIBATLCS Kak B “TIpsMoii” ¢opMe (OT OJHOTOUYEHHBIX
IpeoGpa3oBaHmii K 6-TOYCUHBIM, 6°-TOYCYHBIM U T.1L.),

TaK M C MOMOIIbIO 00PaTHOM PEKyPCHH.

IKCchepumenmaibHoe uccnedosamue

Pazpabotannsiii anmroputm I 216x216 wuc-
MOJIB3YETCs TEIeph B IMPOrpaMMHOM KOMIUIEKCe o0pa-
OOTKM ¥ BOCCTAHOBIICHHS OONBIINX H300paKECHUH.
Bpems BoccranoBieHus (puiabTpauu, CBEPTKU) MOIY-
ToHOBOTO M300paxenus 15000x15000 mukcenoB (oko-
mo 220M6) wa xommbioTepe Pentium-III, 650MIw,
128M6 RAM cocrasnser 5 munyT. [Ipu 3amene 3 dek-
tuBHOTO anroput™a JIIID 216x216 TpaAUIIMOHHBIM aj-
ropuTMoM npeobpaszoBanusi Pypbe Hanbosee OIM3KOTO
pasmepa 256x256 BpeMs oOpabOTKH M300paKEHUST BO3-
pactaet 110 8,5 MHUHYT, TO ecTb B 1,7 pa3a.

3aknwouenue

Takum oOpa3om, B paboTe mpeacTaBIeHa METO-
JIMKa ONTHUMHU3ALMU BOCCTAaHOBIIEHUS Oousbniedop-
MAaTHBIX W300paXCHHHA MO KPUTCPUIO BBIYUCIUTCIIH-
HOMH cioxHocTH. [Tokasansl criocoObl GpopMHUpOBaHUS
3¢ (HEeKTHBHBIX aJTOPUTMOB OJIHO- U ABYMepHBIX BITD
B IIUPOKOM [Wama3oHe [UTHH. Pa3paboTaHHEBIE airo-
putmbl ddpdekTuBHEe TpamunuonHoro bII® B 1,5-2
paza. [Ins mporpaMMHOro KOMIUIEKCa o00paboTKH
n300pakeHUH TpU 3aJaHHBIX TapamMerpax paspado-
Ta"n anroput™ BIID 216x216 ¢ mpeacTtaBieHHEM
NIaHHBIX B Y-KOJax, SBJISIFOIIuiics Hambonee 3hdex-
THBHBIM B 33IaHHOM [IMaIrla30HE JJIWH. DKCIIEPUMEH-
TAIBHO TOATBEpXkKJAeHa 3P(HEKTUBHOCTh €T0 HCIOJIb-
30BaHUS.

PaboTa BeImonHeHa 1pu (UHAHCOBOW MOJUIEPKKE
Poccuiickoro ®onna dynnameHranbHbix Mccnenoa-
Huil, npoexT Ne 00-01-00600.
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Optimization of structural and computational characteristics of large-format
image recovery algorithms
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Abstract

This work solves the problem of recovering large-format images by filtering. A partition-
based convolution method is described. A method for choosing the optimal block size is
presented. The basic DFT algorithm for the selected block size is presented, its computational
complexity and implementation characteristics are indicated.
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