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Tema Ne§ «Maremarudeckasi craTucTuka. O0padoTKa JTaHHBIX)
Jlekuus 3 UnTerpajbHbie npeodpa3oBaHus
1. luckpeTrHoe npeodpazoBanue @ypne
2. BeiiBier- npeodpa3oBaHue

Kak B memsx momaBieHWs ImymMa, TaK W JUIsl PEIICHHUS APYTHX MPoOeM
00pabOTKM  JaHHBIX, IIMUPOKO TPHUMEHSIOTCS Pa3JIMYHbIC  HMHTETPATBHBIC
npeoOpa3oBaHus. B OCHOBe MeTona JICKUT WSS 3aMEHbl M3y4aeMbIX (YHKITAN
(OpUrMHAJIOB) HEKOTOPBIMH APYTUMH (PYHKIIUSIMHU (0Opa3zaMu), MOJTy4YaeMbIMH W3
JAHHBIX MO OIpPEACIICHHBIM TMpaBUJiaM, MPUYEM JIEUCTBHUS HaJ OpUTHHAJIAMU
3aMeHsI0TCa  0oJjiee TMPOCThIMM — JEHCTBUAMHM Haj oOpasamu. [Ipumepamu
WHTErpalibHBIX MpeoOpa3oBaHuil sBIsAIOTCS TpeoOpazoBanue Dypwe, Jlamnaca,
BeliBJIETHOE mMpeoOpa3oBaHue. HamoMmHHMM, YTO HEKOTOpbIE MpeoOpa3zoBaHus,
Harpumep @Dypre u Jlammaca, MOXXKHO OCYIIECTBUTH B PEXKHUME CHUMBOJIBHBIX
BblunciaeHn. Kaxaoe u3 HMHTErpalbHbIX MpeoOpa3zoBaHuii 3PQPEKTUBHO s
pelleHusI CBOETO KpyTa 3a/1a4 aHaan3a JaHHBIX.

Mathcad conmepxut ¢GyHKUMM 17 OBICTPOTO JUCKPETHOTO MpeoOpa3OBaAHUS
®ypre (BII®) m ero oOpamenus. Bce 3Tu (QyHKIMM HMEIOT BEKTOPHBIE
apTyMEHTHI.

Marematnueckuid cMmbIca TipeoOpa3zoBaHusi Pypbe COCTOUT B MPEACTABICHHUH
CUTHaja y(x) B BUe OCCKOHEUHOUW cyMMBbI cuHycom T Buaa F(V)=sin(vx). ®yukus
F(v) Ha3pBaercst mpeoOpasoBannem Dypbe wiu uHTerpaioMm dypwe, wm Dypbe-
CIIEKTPOM CHUTHaia. Ee apryMeHT V HMMEeT CMBICI YacTOThl COOTBETCTBYIOLICH
cocraBisoneil curnana. ObpatHoe mpeobOpazoBanne Pypbe NEPEBOIUT CHEKTP
F(V) B uicxoaHbIi curHan y(x).

Kak Buano, mpeoOpazoBanue Dypbe SBISETCS CYIIECTBEHHO KOMILIEKCHON
BEJIMYMHOM, JIa)Ke €CJIIM CUTHAJI JeHCTBUTEIbHBIN.

DTOT alropuT™M peain3oBaH B HECKOJbKMX BCTpOoeHHBIX (yHkumsx Mathcad,
pa3IUYaroUIMXCcsl HOPMUPOBKAMHU.

fft(y) — BexTOp mpsimoro npeodpazoBanus Dypre;
FFT(Y) — BexTop npsimoro npeodpaszoBanust Dypre B Ipyroit HOPMUPOBKE;
ifft(v) — BexTop 0OpaTHOTO MpeodpazoBanus Dypbe;
IFFT(V) — Bektop oOpatHOrOo mpeoOpasoBanus Dypbe B Japyrou
HOPMHPOBKE;
o Y — BEKTOp JACUCTBUTEIBHBIX MJAHHBIX, B3ATHIX YE€pe3 pPaBHbIC
IPOMEXKYTKH 3HAYEHUI apryMeHTa;
o V — BEKTOp JIEHCTBUTENBHBIX NaHHBIX Dypbe-CHeKTpa, B3ATHIX Yepes
paBHbIE TPOMEKYTKH 3HAYEHUIN YaCTOTHI.
Apryment npsamoro ®ypbe-ipeobpa3oBaHusi, T. €. BEKTOP ), JODKEH HMETh
poBHO 2" 35ieMeHTOB (N — 1enioe uncio). Pesynbratom sSBasieTCs BEKTOP c
1+2"1 sremenramu. Y maoGopot, apryment obpatHOro @®ypbe-mpeobpa3zoBaHus
nomken uMeTh 1+2"!omementoB, a ero pesyiapraroM OyIET BEKTOp U3
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2" neMeHTOB. ECIiM 4MCiIo NaHHBIX HE COBIIALAET CO CTEIEHBIO 2, TO HEOOXOIUMO
JOITOJIHUTHb HEAOCTAKOIINEC SJICMCHTHI Hy.TDIMI/I
2 I I I
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Puc. 1. Vcxonnblie naHHbie U 00paTHOE peoOpasoBanue ypoe (ucTUHT 1)

[Ipumep pacuera Oypbe-crieKTpa ik CYMMBI TPEX CUHYCOUIAJIBHBIX CUTHAJIOB
pa3HON aMIUTUTYAbl (TOKa3aHHBIX B BUJE CIUIOLIHOW KPUBOM Ha puc. 1), mpuBeaeH
B nuctunre 1. Pacuer nmpoBoautcs mo N=128 Toukam, mpuueM mperoiaraercs,
YTO MHTEpBaJl AUCKPETU3ALMUM JaHHBIX paBeH A. B mpenmnocienHenn CTpoke
JMCTUHTA TPUMEHseTcs BcTpoeHHas ¢ynkuus fft, a B mocmeanelr KoppekTHO
OMPENIENIAIOTCS COOTBETCTBYIOIIME 3HAUCHUS YacToT L. OOpaTuTe BHUMaHUE, YTO
pe3yJIbTaThl pacyera IMPeJICTaBIAIOTCA B BHjue Moayias dypbe-criekrpa (puc. 2),
MOCKOJIBKY CaM CHEKTp SBJSETCS KOMIUIEKCHBIM. OYeHb IOJIE3HO CPaBHUTH
MOJYYEHHBIC aMIUIMTYAbl U MECTOIOJOXKEHHUE MUKOB CIEKTPa C OMNPEIECICHUEM
CHUHYCOHW/]I B JIUCTUHTE 1.

Jluctunr 1. beictpoe npeoOpazoBanue Dyphe:
N:= 128

xMAX = 100

1=0.N-1
5i=1A
Vi = sin(Z-Tﬂ-0.0S-X;) + O.S-Sin(z-n-ﬂ.l-xi) + 0.25-si11(2-n-0.4-xi)

F = fit(y)

Q= (i+1)-

Pesynbrar oOpaTHOTrO,MpeodpazoBanus Dypre mokazaH B BHIE KPYKKOB Ha
TOM K€ pUC. |, YTO U UCXOAHBIE JaHHbIE. BUIHO, 4TO B paccMaTprBaeMOM Cilydyae
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CUTHAJI )(X) BOCCTAHOBJIEH C OOJBIION TOYHOCTHIO, YTO XapaKTEPHO JIs TUIABHOTO
M3MEHEHHUS CUTHaja.

i l\

Puc. 2. IIpeodpazoBanne Oypne. Criektp curtaia (TUCTHHT 1)

IIpeodpa3zoBanue @ypbe KOMILIEKCHBIX TaHHBIX

AnroputMm ObicTporo mnpeoOpa3zoBaHus Dypbe ISl KOMIUIEKCHBIX JaHHBIX
BCTPOEH B COOTBETCTBYIOIINE (DYHKIIMH, B UMSI KOTOPBIX BXOAUT JuTepa "¢,

. cfft(y) — BekTop mpsiMOTO KOMILIEKCHOTO Mpeodpa3zoBanus Dyphe;

. CFFT(y) — BekTop MpsAMOro KOMILICKCHOTO TMpeoOpasoBanusi dypre B
JAPYroif HOPMHUPOBKE;

. icfft(y) — BekTOop 0OpaTHOrO KOMILIEKCHOTO TipeoOpa3oBanus Dypee;

. ICFFT(V) — BekTOp 00paTHOTO KOMILIEKCHOTO NpeodpazoBanust Oypbe B
IPYroy HOPMHUPOBKE;
o Y — BEKTOp IAaHHBIX, B3ATBHIX Yepe3 paBHBIC MPOMEKYTKH 3HAYCHUI

apryMeHTa,

o V — BekTop mgaHHBIX @Dypbe-crmekTpa, B3ATHIX UYEpe3 pPaBHBIE

IIPOMEXYTKN 3HAYEHUN YACTOTHI.

OyHKIUU NEUCTBUTENBHOTO npeoOpa3oBaHusi Dypbe HUCMONB3YIOT TOT (akKT,
YTO B CJIy4yae JEHCTBUTEIBHBIX JAHHBIX CHEKTP MOJYy4aeTcs CUMMETPUYHBIM
OTHOCHUTEIBHO HYJIS, U BBIBOAST TOJIBKO €ro MoJIoBUHY. [1o3TOMY, B YacTHOCTH, 1O
128 nelcTBUTENIBHBIM JAHHBIM MOIYYAIOCh Bcero 65 touek cnekrpa @ypoe. Ecin
K TEM K€ JaHHBIM NMPUMEHUTHh (PYHKIHUIO KOMIUIEKCHOTO npeodpa3oBaHus Oypbe
(puc. 3), To nomyuutcst BekTop u3 128 snementoB. CpaBHuBas puc. 1 u 3, MOXHO
YSICHUTh COOTBETCTBHE MEXKIY PE3yJIbTaTaMH JEHCTBUTEIBHOIO U KOMILJIEKCHOIO
dypre-nipeodpa3zoBaHus.
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Puc. 3. KommutekcHoe npeodpazoBanue Oypbe (poaopKeHre JIMCTHHTA 1)

JABymepHoe npeodpazoBanne Pypbe

B Mathcad wumeercs BO3MOXXHOCTh MPHUMEHSITh BCTPOCHHBIE (DYHKIUHU
KOMILJIEKCHOTO TIpeoOpa3oBaHusi Dypre HE TOJBKO K OJHOMEPHBIM, HO U K
JBYMEPHBIM MaccuBaM, T. €. MarpuiaM. COOTBETCTBYIOIIMI NMPUMEP MPHUBEIEH B
JUCTUHTE 2 U Ha puc. 4 B BuAE rpaduka JMHUN YpOBHA HCXOAHBIX JAaHHBIX U
paccunTaHHOro Pypbe-ceKTpa.

Jluctuur 2. JIsymepHoe npeodpazoBanue Dypne:

N = 64
i=0.N-1 j=0.N-1
e il
yij::sml ] +sm1 ]
’ 10 10
F := CFFT(y)

F := submatrix(F,7,N—-7,7,N—-17)

y Re(F)
Puc. 4 Jlannsie (crieBa) u ux @ypbe-cnekTp (crnpara) (JIMCTHHT 2)



2 BeiiBiieTHOe npeo0pa3oBaHmne

B mocnmegHee BpeMs BO3pOC HMHTEpEC K JAPYTMM  HHTETPAIbHBIM
nmpeo0pa3oBaHUsAM, B YAaCTHOCTH BEUBIIETHOMY (WM JUCKPETHOMY BOJIHOBOMY)
npeoOpazoBannto. OHO TpUMEHsETCS, TJaBHBIM O00pa3oM, i aHajau3a
HECTAIIMOHAPHBIX CHTHAIOB  (CIy4YalHBIN CHTHAJI, Yy KOTOPOTO IUIOTHOCTH
BEPOSTHOCTH HEKOTOPOH COBOKYITHOCTH MTHOBEHHBIX 3HAYCHHUN WU3MEHSETCS MPHU
HEKOTOPOM CJIIBHTE€ 3TOW COBOKYITHOCTH BO BPEMEHH) 1 MHOTHX 3aJa4 MOI00HOTO
ponda oka3biBaeTcs Oosiee 3¢h(dEeKTUBHBIM, dYeM IMpeoOpa3zoBaHue Dyphe.
BEUBIIETHOTO MPEOOPa30BaHUS SBIISCTCS PA3JIOKCHHUE JAaHHBIX HE M0 CHHYCOHJaM
(kak g mpeoOpazoBanus Dypwse), a MO JIPYrUM (QYHKIHSIM, Ha3bIBAEMbIM
BEHBIETOOPA3YIOIMNMHU.

BeiiBiier-npeo0pa3oBanue — UHTErpajibHOE MpeoOpa3oBaHHE, KOTOPOE
MpeacTaBiseT Cco0Ol  CBEpPTKY BeWBIET-QYHKIIMM C CUTHAJIOM. BeiiBier-
npeoOpa3oBaHUe MEPEBOJUT CUTHAII U3 BPEMEHHOIO MPEACTaBICHUSI B YaCTOTHO-
BpeMeHHOe. SIBisieTcs 0OOOIIEHMEM CHEKTPAJIbHOTO aHaliu3a, TUIMYHbBINA
MPEACTaBUTENb KOTOPOTO — KJIacCUYecKoe npeodpazoBanue Pypee.

bazucHpiMM  QYHKIUSIMU ~ BEUBJIET-MIPEOOpPa30BaHUN MOTYT OBITh CaMmbie
pasznuuHbie QYHKIUUA ¢ KOMIAKTHBIM HOCUTEJIEM: MOJYJIMPOBAHHBIC UMITYJIbCAMU
CUHYCOUbI, PYHKIIMM CO CKauKaMH YpPOBHS U T. . OHU 00eCneynuBaeT XOpollee
OTOOpPAKEHUE U aHAJIU3 CUTHAJIOB C JIOKAJIbHBIMU OCOOEHHOCTSIMHU, B TOM YHCJIE CO
CKauKaMH, pa3pblBaMH M TEepernajamMu 3HA4YeHU ¢ OONBIION KPYTU3HOU, TpH
110J100p€ COOTBETCTBYIOLIETO TUIIA BEUBIIETOB.

BeiiBneroOpaszytone  GyHKUIUHU, B  MNPOTHBOMOJOXKHOCTH  OECKOHEYHO
OCIHWUIMPYIOIIUM CHUHYCOMJAM, JIOKAJIU30BAaHBI B HEKOTOPOM OrpaHUYEHHOU
00JIaCTH CBOETO apryMeHTa, a BJIajyd OT HEe PaBHBI HYJIIO WJIM HUYTOXXHO MAJIbl.
[Tpumep Takoil pyHKIIMU, Ha3bIBAEMOM "MEKCUKAHCKOW IUIATION", OKa3aH Ha PUC.

5.

sin(2t)
-2t

sin (t)

Puc. 5. CpaBHeHue CMHYCOU/IBI U BeMBIeTOOpa3ytouieil GpyHKuuu


https://ru.bmstu.wiki/%D0%92%D0%B5%D0%B9%D0%B2%D0%BB%D0%B5%D1%82
https://ru.bmstu.wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%A4%D1%83%D1%80%D1%8C%D0%B5
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M3-3a CcBOEro MaTeMaTHYECKOTO CMBICIA BEWBIIET-CIIEKTP HMEET HE OJUH
apryMeHT, a nBa. [loMHMMO 4YacTOTBI, BTOPHIM apTyMEHTOM b SBIISIETCSI MECTO
JoKanu3anuu BeWBieroOpasyromei ¢yakmuu. [loaTomy b umeer Ty ke
pa3MepHOCTh, UTO H X.

BcerpoenHnast pyHKIus BeHBJIET-IIPe0OPa30BaHUS

Mathcad umeer onHy BCTpOeHHYIO (PYHKIIMIO JJIsI pacueTa BEHBIeT-
npeoOpa3oBaHus HAa OCHOBE BeiiBieToOpasytomieil pynkunn layoeun.

. wave (y) — BEKTOp NPSIMOTO BEHBIET-TIPe0Opa30BaHNUS;
. iwave(V) — BekTop 00paTHOTO BEHBIET-TIPEOOpa30BaHMUS;
o ¥ — BEKTOP JIaHHBIX, B3ATHIX YepPE3 PaBHbIC MPOMEXKYTKU 3HAYCHHM
apryMEHTa;
o V — BEKTOP JIaHHBIX BEHBJIET-CIIEKTpA.

AprymMeHT QpyHKIMU BEWBIET-IpeoOpa3oBaHus, T. €. BEKTOP Y, JOJKEH TaK K€,
KaK U B rpeodpazoBanuu Pypre, UMETh POBHO 2N 3JIEMEHTOB (N — II€JI0€ YUCIIO).
Pe3ynbrarom QyHKIMM Wave sBIeTCs BEKTOpP, CKOMIOHOBAaHHBIN U3 HECKOIbKUX
K03 (UIIMEHTOB ¢ ABYXIIapaMETPUUECKOIr0 BEHBIET-cIieKTpa. Vcrnonabs3oBaHue
GyHKIMM Wave o0bACHAETCS Ha PUMEpPE aHaIN3a CYMMBI JIByX CHHYCOUJI B
JUCTHUHTE 3, a TpU ceMeNcTBA KOA(PPUIIMEHTOB BBIUUCIEHHOTO BEHBIET-CIIEKTPa
MOKa3aHbl Ha puc. 6.

Jluctunr 3. [Touck BeiiBner-criektpa Jlayoeun:

. t . t
f(t) ;= sin| 2.m-— |+ 0.3-8in| 2-7-—
50 10

Nmax = 256 1:=0..Nmax —1
yi = (1)
W = wave(y)

_ In(Nmax) ]
In(2)

Nlevels :

Nlevels = 7

k:=1,2.. Nlevels

5 level 2 level+1

coeffs(level) ;= submah‘ix(‘ﬁf, -1,0, 0)

G,k = coeffs(k)

i

floor| ————
Nmax
[ 2" ]
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Puc. 6. Beiiner-criektp Ha ocHoBe QyHKImu Jlayoeuun (muctunr 3)

Wrak, B JEKIIMK PaCCMOTPEHBI OCHOBBI NMPUMEHEHHSI WHTETPAIBHBIX MPEOOpa30BaHMIA
TakuX Kak ObicTpoe u oOpatHoe mnpeoOpasoBanue Dyppe (BIID® u OIID), BeiiBaer-
npeoOpa3oBaHre, KOTOPhIE HAILIM IMAPOKOE MPUMEHEHHE MPH PEHICHUH 33/1ad ONTUMAIbHON
GWIBbTpanuy, MOCTpOeHUE YPPEKTUBHBIX ATTOPUTMOB CIKATHSI WH(OPMAIIHH.



