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BCTYN

MetonnuHni Bka3iBku «lludppoBe 00poOieHHS 300paxkeHb. Merogu.» 10
BUKOHAHHSA JIabopaTOpHHX poOIT 1 CTyAeHTiB  HampsMmky  6.050902
«PaioeneKTpoHH1 anapatuy» 3 IUCHUILTIHU «[HTpockomiss 61000’ €KTIB Ta METOU
BimoOpaxeHHs OioiHdopMmamii», cnemainsHocTi  7,8.05090102  «Amaparypa
pamio3B’si3Ky, paJioMOBJIeHHs 1 TenebadueHHs» 3 auctumuiian  «l{udpose
o0poOsieHHs1 300pakeHb» Ta cnemiaabHocTi 7,8.05090103 «PamioenekTpoHH1
IPUCTPOi, CUCTEMH Ta KOMIUIEKCH» 3 JUCHMIUTIHM «PaaioeneKTpoHHI MeaudHi
CHUCTEMU TAa KOMILUIEKCH 2»

MeroanyHi BKa3iBKA MICTATh

- IpOrpamMu BUKOHAHHSI pOOIT;

- KOPOTKI TEOPETUYHI BIAOMOCTI JI0 KOKHOI JIabopaTopHOi poOOTH;

- IEpEeJIIK TEOPETUYHOTO Marepially, SIKMil Mae OyTH 3aCBOEHHM IS
YCHIITHOTO BUKOHAHHS pOOIT, HABOAUTHCA O€3M0CEePEIHbO MPU OMKUCI KOKHOI
nabopaTtopHoi poOOTH, HABOAATHCSA 0a30Bl BIIOMOCTI 3 TOTO YM IHIIIOTO
MUTaHHS, 1[0 MAa€ CIPUSITH LIJIECIPIMOBAHOMY BUBUEHHIO Ta MOTJIMOJIIEHOMY
3aCBOEHHIO HEOOX1THOTO MaTepiany;

- HEOOX1IH1 JIOBIIKOBI JIaHI.



META TA OCHOBHI SABOAHHA NABOPATOPHUX POBIT

Mema nabopamopnux pobim - HAOYTTs CTYJEHTaMH HaBUYOK 3
MPaKTUYHOT pealtizallli alropuTMIB pO3pi3HABAHHS CUTHANIB Ta 00pa3iB Ta
METO/I1B iX 0OpPOOKH.

KokHa 3 1abopatopHux poOIT BKIIOYAE €TaIu:

- ME€Ta NOCTAaHOBKa 3a1a4l;

- po3po0Ka adropuTMy AJisl PO3B’sI3aHHS 3a]1a4l;

- mporpama B cepemosutn Matlab;

- UTFOCTpyBaHHs Tpa1YHUMH JaHUMU OTPUMAaH1 PE3yIbTaTH.

- BUCHOBKHM.

JIJis yCHiIIHOTO BUKOHAHHS JIA0OPATOPHUX POOIT HEOOXITHO 3aCBOEHHS
CTYJIEHTOM BIJMOBIJHOTO TEOpeTUYHOTro Matepiany. OOciar HeoOX1THOTO
TEOPETHYHOIO0 MaTepialy BKa3yeThCS MPU OMUCI KOXKHOI J1TabopaToOpHOi
pobOoTH. VY3araabHEHUU MEpeNniK PEeKOMEHJIOBAaHOI JITEpaTypud HABEIEHO Yy

BIJIMOBITHOMY PO3iJ11 B KIHIII METOJMYHUX BKa31BOK.



NMPABUINA TEXHIKU BE3MNEKWU NPU BUKOHAHHI
NNABOPATOPHUX POBIT

3araJbHi 0JI0KEHHS

1. JTo poGOTH B KOMIT FOTEPHOMY KJIaci JIOMYCKAIOThCS 0COOM, O3HAWOMJIEHI 3
JTAHOIO IHCTPYKINEIO 3 TEXHIKU O€3MEKU Ta IMPaBUJI TOBEIIHKHU.

2. Pobora cTyaeHTIB y KOMITIOTEPHOMY KJaci JJO3BOJIAETHCS JIHMIIE Y
MPUCYTHOCTI BUKJIa1aua (1HXXKEeHepa, 1abopaHTa).

3. Ilix 4yac 3aHATH CTOPOHHI OCOOM MOXXYTh 3HAXOIMUTHUCS B KJacl JUIIE 3
JI03BOJIY BUKJIaJaya.

4. Ilix yac mepepB MK IapamMu IPOBOAUTHCS OOOB’SI3KOBE MPOBITPIOBAHHS

KOMIT IOTEPHOT0 KabiHEeTy 3 000B’I3KOBUM BHUXOJIOM CTYJIEHTIB 3 HHOTO.

Ilepex mouaTkomM po60TH HEOOXIIHO:

1. [TepekoHaTucs y BIACYTHOCTI BHIMMHUX IOIIKO/KEHh HAa POOOYOMY
MICIII.
2. BrurrounTi KOMIT FOTEpH Ta HaJaroauTy poooTy.

IIpu po6oTi B KOMII’IOTEPHOMY KJIaci 3a00POHAETHCH:

1. 3HAXOAUTHCS B KJIaCl y BEpXHbOMY OJS3I.

2. KrnacTtu ogsr 1 cyMKH Ha CTOJH.

3. 3HAXOAUTHCS B KJIACl 3 HAMOSIMU Ta i010.

4. PozramoByBaTucs 300Ky abo 333y BiJ BKIOYEHOTO MOHITOPA.

5. [IpuennyBatu abo Bix e€qHyBaTH Kalemi, YimaTd pPo3’€MH, APOTH 1
PO3ETKH.

6. [TepecyBaTu KOMII FOTEPH 1 MOHITOPH.

7. BinkpuBatu cucteMHuii 6JI0K.

8. BxrogaTy 1 BUKITIOUATH KOMIT FOTEPU CaMOCTIIHO.

9. Hamaratucst caMoCTiifHO yCcyBaTH HECTIPaBHOCTI B poOOTI amaparypu.

10. [lepexkpuBaty BEHTWISALIMHI OTBOPM HAa CHUCTEMHOMY Ojoli Ta
MOHITOPI.

11. VY napsT no kiaBiatypi, HATUCKYBaTH O€3ILHO HA KJIABIIII.

12. [TpuHocuTH 1 3amTycKaTH KOMIT IOTE€PHI iTpH.



3HAXOAAYHUCH B KOMIT'IOTEPHOMY KJIACi CTy/IeHTH 3000B’sI3aHi:
1 JloTpuMyBaTUCh THUILI 1 TOPSAKY.
2. BuxonyBaTn BUMOry BHUKIIa/1aya Ta JlaboOpaHTa.
3 JloTpuMyBaTUCh PEKUMY POOOTH.
4. [Ticns 3akiHueHHs poOOOTH 3aBEPIIUTH BCI AKTUBHI Mporpamu 1
KOPEKTHO BUMKHYTH KOMIT FOTEP.

5. 3anumuTy podoue MicIe YUCTUM.

Heo0xinHo 10TpMyBaTHCh NPABUJL:
Bincrans Bix ekpany o odeit — 70-80 cm.
BeprukanbHO nipsiMa crimHa.
[Tneyi onymieHi 1 po3ciablieHi.

Horwu Ha mijpo3i 1 He cxpelieHi.

AN

JIiKkT1, 3am’4CTs 1 KUCTI pyK Ha OJHOMY PIBHI.

BuMmoru Ge3nexku B apapiiHUX CUTyallifgX:
1. [Ipu mosiBi mporpaMHUX MOMIIIOK a00 30051X yCTaTKyBaHHSI CTYICHT
NOBMHEH HEraiiHO 3BEPHYTHUCS /10 BUKJIaaya (JabopaHTa).
2. [Ipu mosiBi 3amaxy rapy, He3BMYailHOrO 3BYKY HETraiHO MPUIMHUTH

poOOTY 1 TOBIIOMUTH BUKJIa1aya.



JlabopaTopHa pob6ora Nel
BikonHna o0poOka curnaJjis. JlokajbHe
nepersopeHHs Dyp'e

Meta podoTn
O3HAMOMUTHUCH 13 3aCTOCYBaHHSIM BIKOHHOiI OOpPOOKHM CHUTHAIIB HA MPUKIAIL

BiKOH baptierra, XeHHinra, XemMMmiHra.
KopoTKi TeopeTH4Hi BiIoMOCTi

CraumioHapHi Ta HeCTAIIOHAPHI CUTHAJM
HenepepBae meperBopenns ®Dyp’e mpu3HAYCHE JO aHaIi3y OIHOTO

CWI'HaJdy,  pO3TalloBaHOro Ha oci yacy t€ (—oo,+00), 1m0 3yMOBIIOE
CTAIllOHAPHICTh I[LOTO CUTHaNMy. Tak caMo yci JUCKpeTH1 (3aBXKIU 3a YSBOIO
NepioINyYHI) TEPETBOPEHHS (K 1 HEMepepBHI TMEPETBOPEHHS MEPIOIUIHUX
CUTHAJIIB) PO3TISAAIOTh CUTHAJIM, CTAI[lOHApHI B TOMY CEHCI, 1[0 Ha oci Jacy (abo
1HIIOT HATYpaJIbHOI KOOPJIMHATH) BOHM MEPIOJIMYHO HE3MIHHI B YChOMY 1HTEpBal
t € (—oo,+0). B Toii camuii yac cyrTeBy (pejeBaHTHY) iH(OpPMAILiO PO CTaH
OyIIb-IKO1 TEXHIYHOT YM O10JIOT1YHOT CUCTEMHU OIIHIOIOTH 3a BiIMIHAMHU ii peakiiit
Bl emanoHHux (AK1 BIAMOBIJIaIOTh HOPMAIbHOMY (DYHKI[IOHYBAHHIO CUCTEMHU).
Tomy 3 yacom hopma cUTHAJIIB MOKE 3MIHFOBATHUCS 1, TAKUM YHHOM, JTOCIiKyBaH1
CUTHAJIM HOCATh HE TMeploANYHUN (NpU TEpIOAWYHIA 30BHIIIHIA [ii), a

penemuyitinuti xapaktep. CaMe TOMIyK BiIMIH MK €TaJIOHOM 1 JTOCHIIKYBaHOIO
PEaKI€r0 € OCHOB00 MEAVNYHOI Ta TEXHIYHOI AIarHOCTUKH. YacTO BUKOPUCTAHHS
OPTOTOHAJIBHUX MEPETBOPEHB (SIK1 TeX OYyJIeMO HAa3WMBATH CTAaI[IOHAPHUMM) IS
CUTHAJIIB, IO MAalOTh CYTT€B1 BIAMIHM (BHACIIZOK IHTETPAIILHOTO XapakTepy
CaMOro MEePEeTBOPEHHSI) HE JI03BOJISIE IOMITUTH TaKl BIIMIHU B 00JIaCT1 CLIEKTPIB.
Jlnst imrocTpariii bOro  PO3TJITHEMO MPHUKIA] MPSIMOKYTHOTO IMITYJIBCY
ammutitynu A 1 nosxkunu T (puc 1.1,a) Ta Toif caMuil iMIynsc 3 §-IMITyIbCOM Ha
novatky (puc.1.1,0).
1 Su(t) 4 Sa(t) 4BS(H)

a Puc.1 4]
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Monymi crnektpiB (S;(jw),S,(jw)) 1MX aBOX CHTHATMIB (I BHITAJIKY
Axt > B) 300paxkeHo Ha puc.1.2, a Ta 6 BiIMOBIIHO.
3B’S130K MIXK CIIEKTPAaMU CUTHAIIB MOKHA OMUCAaTH BUPA30OM

S1(jw)=S;(jw) + B,

ne B — cnektp §-immysnibca 3 Baroro B.
[Ipu BU3HAYEHH] eKCTIEpUMEHTANBHO a0 Tipu obuucieHHi Ha EOM cnekTpis

2T
IUX JBOX CUTHAIIB, PI3HHUIIl MI’)K HUMUA MOYKHA ¥ HE TIOMITUTH (Ha JactoTrax —xk
T

criektp |S, (jw)| Oyne Matu He HynbOBI 3HaUCHHS, K I |S; (Jw)|, a meski «mai»
(B > 0), 1110 MOXYTb JISKATH B MEXKaX JIO3BOJICHOT TOXHUOKH.

Jlemo 3MiHuThCS Xapaktep KpuBHX |S,(jw)| mopisustHO 10 |S;(jw)| B
: . 2T 21
iHTEepBaIax IMEIOCTOK MIX 7><k ta —x(k +1), mo npu «manux» B Tex Oyxae
T

HeroMiTHEM. lle € HacmigKoM TOro, IO <«TOCTPHH 1 BHUCOKHN» &- IMIYJIbC
HeBenukoi miomi B mpu neperBopeHHl Dyp’e «po3MUBaETHCS» MO BCIA OCI
9acToT.

3ayBaXUMO Temep, 00 OyAb-sIKWWA CTalllOHAPHUNH CHTHAI OTPUMYIOThH
BUpI3aHHSAM 3 MMauku (PENETUIIMHUX CHUTHAJIB a00 CHUTHAJIIB B3araji pi3HO1
(dbopmu), MiCiIs 4OT0 HOTo i pO3MIIIYIOTh HAa HECKIHYEHHIH OC1 yacy.

Tomy, AKIIO 3 IOCIIZOBHOCTI CHIHaliB ab0 3 BXKE JaHOro CUrHany S,(t)
(puc.1.26) BupizaTtu §-IMITYJIbC 3 YACTUHOIO MPSIMOKYTHUKA JIOBKUHOIO
71 < T,Takor0 mo AXT < B, TO BIICYTHICTh UM HAsBHICTH ¢ - iMIyJnbscy (puc.3 q,

6 BITIOBIIHO) Oysa O Ay»Ke MOMITHOIO.
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& |S| (Jo)|

S, (jw)
Ar+ B

Puc.3

3 iHmoro 60Ky, SKIINO CyTTEBa 1HGOPMAIIis 30Cepe/KEHA HE B § -IMITYJIbCI, a B
PSIMOKYTHOMY IMITYJIbC1 IOBKUHOIO 7, TOJIl OCTAHHE OOMEXEHHS BIKHOM 7, IbOTO

IMITYJIbCY CHUJIBHO CIIOTBOPIOE CTIEKTP.

Takum ynHOM BUOIp wupuHU BIKHA TPa€ BUPIIAIBHY POJb B ideHmugikayii

TOrO 4H iHIIoro rpadoenemenra (puc.3 a, 0).

Axmo noxuHa (y Yaci) LIYKaHOro TIpadoeneMeHTH BIAOMa, IIUPUHY
4acoBOI'0 BIKHA CIiJi BUOMpATH Tak, MO0 Iieil rpadoenemMeHT 0e3 CHOTBOPEHB
Mo>kHa Oyio 6 "Bupizatu".

BikonHa 00po0Ka CUrHAJIIB

Po3rnstHyTI NMpUKIagu MEBHOK MIPOIO MOSCHIOITh HEOOXIIHICTh BIKOHHOT
00pOOKH TOCHIIKYBAHUX CUTHAJIIB.

OcCKUIbKM KOOpAMHATA 4Yacy, Ha sIKid 3HaXOJIUTHCS IIyKaHW rpadoereMeHT
(mampukian, po3aBoenns R-xBwni EKI mroguam, abo Bunagiaas QRS-kommekcy,
HasBHICTh YM BIJICYTHICTh O-IMIyIbCIB Ha BXOJAI BTOPMHHOTO JDKepena
CJIEKTPOXKUBJICHHSI Ta 1HINE), HEBiJIOMa, TO aHali3 HAasSBHOCTI TpadoereMeHTIB
MO>KJIMBO BUKOHYBATH y BIKHI, SIKE€ IEPECYBAETHCS B3JIOBXK OCI Hacy.

Haiinpocmiwium B HaTypalbHHX KOOpPJIHWHATAX € HpAMOKYmMHe BIKHO. Aje

BOHO OOMEXY€ IOBXHHY CUTHAIY y 4aci, TOMy cnekmp @yp’c TaKOro CUTrHaILy

CTa€ HeCKIHYeHHUM B3JIOBXK OC1 4acTOT. 3 1HIIOro OOKY, HECKIHUEHHUN Yacmomuutil

cnekmp CIiJi OOMEXYBaTH, 3pOOUBIIN TUM CaMUM HOTO @iHimHum. AJe TakoMy

CHEKTPY BIANOBIIAE HecKiHYeHHuti cueHan. JIo TOro K CHEKTp MNPSAMOKYTHOIO

IMITyJIbCca Ma€ «XBUIISICTHI» XapakTep (puc.2).
Ak Biomo, AOOYTKY OpUTIHAJIIB BIJIOBIAA€ 3rOpTKa CHEKTPIB 1 HAaBIAKH.

Tomy xBuIICTHIA XapakTep OyJe MaTH SK CIEKTP JOCTIIKYyBaHOTO CUTHATY, TaK 1
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cam curHan (mpu OOMEXKEHHI CHEKTPy MPSAMOKYTHHKOM). lle siBuiie Bimome sk
egpexm i606ca.

Hnst yeynennsn edexty '100ca BUKOPHCTOBYIOTH BIKHA (4acOB1 Ta YacCTOTHI),

dopma sxux momibHa 10 [aycosoeco 3akoHy, OCKUIbKM ['ayCiB N3BOHUK IIpHU
neperBopeHHi Dyp’e mae crektp 13 ['aycoBUM 3aKOHOM 3MIHU aMILTITY/IH.
Ockinpkn T'aycoBa KpuMBa HECKIHYEHHa Ha OCl apryMeHTry, TO

BUKOPUCTOBYIOTh pI3HI ii anpokcumayii. Cepen HalOUIbII MOIIMPEHUX — GIKHA

bapmaemma, Xeuninea ma Xemminea.

Bikno baptierra

W ()= g, 0< i< (N —1)/2,

W (Q)=2- T, (N - 1)/2< i< N -1, (1.1a)
BiKHO XeHHiHTra
L1 27i .
w (|)=E><(1 — cos(22)),0< i< N -1 (1.16)
BikKHO XeMMiHra
w (i)= 0,54~ 0.46xcos (22=). (1.16)

JlokaabHe nneperBopeHHi Dyp’c. AHATIS i3 CTAJ0I0 PO3ALILHOIO 3ATHICTIO

Bixonne nepemsopenni @yp’e mepmmum 3amnpornonyBaB ['abop, skuii  BBiB

nokanvhe nepemsopenns Pyp’e (short time Fourier). Bin po3risgaB curuai y

BikHI W (t), BBaXKaB HOro CTaI[iOHAPHUM Y I[bOMY BIKHI.
Jlns Buaumoi Kkpi3b BikHO W (t) uwactunum curHamy X(t) xw(t-t), ToOTO
npsiMe JIOKaJIbHe neperBopennst dyp’e mae BHUIIIST

Xyr(T, jw) = fjozo x(t) X w(t — 1) X e /@t
(1.2q)
Tayum uuHOM 3a (HOPMYJIOI0 MOYKHA OTPUMATH CIIEKTpOrpamy (st pi3HHX

MOJIOKEHb IEHTPY BIKHA ), TOOTO IBOBHUMIpPHY IUIONIUHY apryMeHTIB (7,w).

3BOpPOTHE JIOKAJIbHE nepeTBOpeHHs1 Dyp’e MOXKHA OTpUMATH 32 (POPMYJIIOIO

1 0 ~4too .
X(t) =~ L2217 Xy pxw(t-1) x e/*tdrdw (1.26)
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Bukonauus J1abopaTopHOi pod0TH

PoGota BukoHyeThCs y cepenopuiti Matlab.

Bixna baptnerra, Xenninra, XemMmMiHra Ta iHIlll BUIU BIKOH € BOYJTOBaHUMH
¢ynkuismu Matlab. 3a monomororo momryky y Bikai Help o3nafiomutucs 3
dopmoro 3anucy nux ¢yHkuii. [TodynyBaTu rpadiku maHuX BIKOH Pi3HOI
mMpuHy (KiTbKicTh BimaikiB N=8,16,32,64).

3ajaTu TECTOBI CUTHAIM (3aBAaHHSI OTPUMATH Yy BUKJIa1a4ya).

JI71s1 IpOCTOTH PO3PaxXyHKIB Ta LIIOCTPAIlil TPOMOHYETHCS 00paTH JUCKPETHI
TECTOBI CHTHAJIM 3 JOBXHHOIO 128 BIWIKIB, IO SBISIOTH COOOIO
MOCIIIOBHICTh MPSMOKYTHUX IMIYJIbCIB 3 HOPMOBAHOIO aMILUTITYAOO
piBHOIO 1.

Jasi loro TecToBOro curHajigy: luii iMmynbc— mupuHa = 8§ BIIJIKIB,
novatok 17 Bimmik; 2uil mMpuHa = 2 BiJIIKK, nodaTtok S50 Bimiik, 31 —
mupuHa = 24 BJIIKY, 1oYaToK — 70 BIIUIIK.

JlJ1s1 2010 TECTOBOT0 CUTHAJIY: aHAJIOTIYHO 710 1oro — luii Ta 3iit iMITyJIbC.
Jasi 3oro TecToBOro curHajgy: luil iMOyJabCc— IIMpUHA = 8§ BIIIKIB,
novarok 17 Bimmik; 2uii  mmpuHA = 2 Bijutikk, nmodaTtok S50 Bimmk, 3id
mupuHa = 2 BUIIIKK, TOYaTOK 54 BiWIiK 4uii — mmpuHa = 24 BIJJIKH,
noyatok — 70 Biyiik. [ToOyayBatu rpadiku 1aHUX CUTHAIIIB.

1nit TecToBNi CurHan
1 [ T [ T T

06—

Amplitude

0 | 1
0 20 40 60 80 100 120 140

n
2nit TECTOBMIT CHHAN
1 [ T [ T T

Amplitude
=)
P
T

0 \ | | |
0 20 10 60 80 100 120 140

n
3iit TecToBWIA CHrHaN
1E T T T T T

06—

Amplitude

100 120 140

Buxonatu neperBopennsa ®yp'e Ta noOyayBaTu aMIUTITYIH1 crieKTpu 1, 2 Ta
3ro curHajiB, MPOHOPMOBAHI 32 MAKCUMAJIbHIM 3HAYEHHSIM.

[TopiBHsATH OTpHMaHi pe3yiabTaTu 1.4. 3pOOUTH BUCHOBKHU.

[ToOynyBaTu crHekTporpaMu BIKOHHOI OOpOOKM CHTHAQIIB Il PI3HHUX
3HadyeHb N (IupuHa BiKHA).

3poOuTH BUCHOBKH.

CkmactTy TPOTOKOJ BUKOHAHOI J1a0OpaTOpPHOI pPOOOTH, SKUH TOBHHEH
MICTUTH:
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7.1. Tlporpamy, 3a JOTIOMOTOIO SIKOT OTPUMAaHI PE3yJIbTaTH O0YUCIICHbD.

7.2. T'padiku, oTpuMaHi Ipy BUKOHAHHI MyHKTIB 3,4,6,7.3,9,10.

7.3. IlpuBecTH BUCHOBKHM IO KO)XHOMY BHUKOHAaHOMY IYHKTY poOOTH Ta
3po0OUTH 3arajibHU BUCHOBOK.

KoHTpoJbHI 3anuTaHHsa 10 J1a00paTopHOoi poooTn Nel

J171s1 90r0 3aCTOCOBYIOTHh BIKOHHY OOpOOKY CHTHAIIIB?

YoMy He 3acTOCOBYIOTH NpsIMOKYTHE BiKHO? losicnuTu edekr ['160ca.

[lo sBisttOTH coOot0 BikHa bapTnerra, Xemminra, XeHHinra Ta iH.?

Sxoro 1Hpopmarlli€ero amnpiopi MM MaeMO BOJOIITH JJisi 3aCTOCYBaHHS
BIKOHHO1 00pOOKH 3a JJOTIOMOT OO JIOKAJIBLHOTO TiepeTBOopeHHsT Dyp'e?

[Ilo Take nokambHe meperBopeHHs Dyp'e? Ilporiec BUKOHAHHS BIKOHHOI
00poOKH.
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JlabopaTopHa podora Ne2
BeiiBjieT nmepeTrBopeHHsi. AHAJI3 i3 3MiHHOIO
PO3AiJILHOIO 3ATHICTIO

Merta podoru
O3HailoMuTUCAd 3 PI3HUMH  BUJAMU  BEWBJIET IEPETBOPEHHS, MOro

3aCTOCYBaHHSM, OCOOJIMBOCTAMH TOOYJOBH CKeEMsorpaM, TOPIBHITH BEUBIET

NEPETBOPEHHS 3 BIKOHHOK 00pOOKOI0 32 JIOKaJIbHUM TiepeTBOpeHHsIM Dyp’e.

HenepepBHe BeHBJIET NIEPETBOPEHHS
Jlnst momonaHHS OOMEXKEHHS Ta HE3PYyYHOCTI, MOB’SI3aHUX 3 JIOKAJIHHUM

neperBopeHHsIM Dyp’e (CTOCOBHO PO3AUIBHOI 3IATHOCTI 32 4aCOM 1 YaCTOTOIO) 15
nowmyKy rpadoeneMeHTiB HEeCTallOHAPHUX CUTHAIIB po3pobieHo BeiiBier
neperBopenns (wavelet transform). B mepeknani 3 anrimidicekoi moBu wavelet

O3Havae «XxBWIbka». I[Ipum 3acTocyBaHHI BEUBIET-NEPETBOPEHHS PO3ALIbHI
smatHocTi _At i Aw 3MIHIOOThCS,aJI€ TaK, M0 iX [JA00yTOK Bigmosinae

nepisHocti Ieiizendepra .T00TO

Atyar X Awygr 2 T, 1)
ne At,qr, Awyg, O3HAYa€ 3MIHHI BENMYUHMA (B 3aJIEKHOCTI BiJ 3MIHHOT
IIUPUHYU BIKHA 1 BIJIMOBIAHOI 10 HEl 3MIHHOI CMYTH YacToOT).

[Ipy wpoMy 31 30UIBIIEHHAM PO3AUIBHOI 3JaTHOCTI B 00JIACTI YaCTOT

PO3AUIbHA 3AATHICTh 32 YACOM 3MEHIIYETHCS 1 HABMAKHU.
Tak, qist HY rapMonik, 110 3HaXOASIThCA Ha BiACTaHl  OjJHA BiJ OAHOI iX
YaCOBHI OpUTiHA MOXKHA 3aMMCATH Y BUTIISIL
x(t)=Ap* cos((wg + Q) Xt) +Apxcos((wy + Q) Xt) =
Ay xcos((wy + Q/2) X t) +Agxcos((wy — Q/2) x t),
ne wo = wq + Q/2, 3Bigku x(t)= 24, *xcos((Q/2) X t)xcos(wq X t).
Axmo teep wq > (), To rpadik x(t) 300pakeno Ha puc.1l,0

S(j@)
2A9 ..

' o VLR E T

@, o, +€2 2

0 0]
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ToOto «OutTs» (puc.1,0) cTaroTh MOMITHUMH JIMIIE JJIS BEJIUKOI KUTBKOCTI
nepioiB CepeAHbOl YacTOTH w,. Lle o3Hauae, 1Mo mupuHa BikHa At NMOBUHHA

OyTu OLIBIIOK HDXK 77/(), a IMpHHA YACTOTHOIO BiKHA — MEHIIOK, Hixk (). Hexaii
w, = 10%; Q = 100, Toni At > % = 7x107%¢c,a Aw < 100.

SIKIO 3K B3ATU [Ba NPAMOKYTHI iMoynbcu fopxkuHol0 T = 10"%*c Ta

BigcTani Mixxk aumu T = 107 3¢ (puc.2,a), To iX CIEKTp Mae BUIIsL puc.2,6.

5(0)

S(jo)

a o
Puc. 2
JI71st po3pi3HEHHsI IBOX CUTHAJIB PUC. 2a CMyra Mpo30pOoCTi YaCOBOI'O BIKHA

nosunHa Oyt At < T/2 =5 X% 107 *c, a 3a wactororo Aw > 2m/7 = 2w x 10*
paz/c.

TakuM 4YMHOM, HaBENCHHWM TPUKIAA JEMOHCTPYE HEOOXIHICTH 3MiHU
PO3IUIBHOT 3/IaTHOCTI MPH aHai3i pi3HUX curHaiiB (puc. 1,6 Ta puc. 2,a).

Haragaemo Takox, 0 OJHUM 13 TOJIOBHHMX MAPaMETPIB SIKOCTI KOJUBAJIBLHOIO
KoHTypa (abo cmyroBoro ¢GuibTpa) € Horo AOOPOTHICTH, SKY BH3HAYAIOTh B
PAAIOTEXHIYHIA TPAKTUIl SK BIAHOMIEHHS IIEHTPAJIbHOI YacTOTH JO CMYTHU
npo3opocTi Awp

Q = wo/ Awy.
[Ipy upboMy OIHAKOBY AOOPOTHICTH (SIKICTb) MarOTh (PUIBTPU 3 OLIBLIONO

CMYTOI0 TPO30POCTi, AKIIO Y CTUIBKH X pa3iB 30UTBIIUTH IEHTPATBHY YacTOTY

bimeTpa W (puc. 3).
‘ch (J.a))‘




16

Puc.3
ToOTO 13 3pOCTaHHSIM YaCTOTH PO3/LJIbHA 3JaTHICTh 3MEHIIYETHCS (3pOCTaE

aOCOIOTHE 3HA4YeHHS CMyTH TMpo3opocTi ¢uibtpiB). [lpum 3pocranHi cMyru
IPO30POCTI YAaCOBOTO BiKHA PO3AUIbHA 3JaTHICTh 32 YAaCOM 3MEHILYETHCS, aje
pa3oM 13 MM 3MEHIIYEThCS CMYyra MPO30POCTi MO YacCTOTI BIAMOBIMHOTO HOMY
YaCTOTHOTO BiKHA, TOOTO 30UIBIIYETHCS PO3ILTIbHA 3/IaTHICTD 32 YaCTOTOIO.

3 Teopil mepenayul CUTHAIIB BIJOMO, IO MJIS BCIX NPOCTHX CUTHAIIB
(ToOTO BijeocHTHANIB Ta 1X aMIUNTYJHO MOAYJIhOBAaHWX aHajoriB) 0Oasza
curHainy f3, To6To 1o0yToK epeKTUBHOI mupuHU criektpa Pyp’e Ta edeKTUBHOI
JIOB)KMHHU CHUTHAITY

B = wy X Atyin = 2m X (1...3),

110 € I IPOCTUX CUTHAJIIB HACIIJKOM TEOPEMH MPO 3MIHY MacIITaly.
OTxe, HaBe/leHI BUIIE MPUKIAAN (PsiA AKMX MOKHA 3HAYHO PO3LIMPUTH 32

paxyHOK CHTYyaIliii, 110 MalTh MICIle B paioTexHill, ¢Gi3uill, MeXaHili 1 T.1H.)
MOSICHIOIOTh IIOSIBY BEHBIICT-IICPETBOPEHB, SKI 3HAWIIIM B HAIl 4Yac IIHPOKE
3aCTOCYBaHHS.

[Tapa npsiMOro Ta 3BOPOTHOTO BEMBIIET-NIEPETBOPEHHD MAE BUTJIS

W(a,7)= (1/Ja)<[ . x(&)xh*((t — 7)/a)dt, (2a)
x(@®)=cx[". [* W(a,t)xh((t — 7)/a)xdadt/a? (26)

Tyr C - xoHcTaHTa, fKa 3aJIEKUTh Bl 00paHoi BehBneT-QyHkuii  h, . (t); a -
ckeiln (mkana, macmTad YacTOTHOTO Jlama3oHy); * - 3HAaK KOMILUIEKCHOTO
cupspkeHHs. 3o0pakenHs  W(a,T) Ha JABOBUMIPHIN IUJIOMIMHI KOOPJWHAT
HA3WBaIOTh CKeilulorpamMor0  (Ha BIAMIHY B CHEKTPOrpaMM JIOKAJIbHOTO
neperBopenns dyp’e). SAnpo BeiiBner-niepeTrBopeHHs (6a3ucHy GyHkmiro) h(t)
HA3MBAIOTh MATEPUHCHKOI0 (pyHKUi€e0. Bci i QyHKIT 115 pizHUX MacmTaOiB
(1 pI3HOTO MOJOKEHHA Ha OC1 4acy) OTPUMYIOTh 13 Hel
ha,‘c(t) = h((t - T)/a)- (3)
Marepuncbka QyHKIIA, SK 1 yCl 1HII BEMBIET-QYHKIII h,  (t) IPEACTaBIAIOTh
co0010 BIKHO, 3alIOBHEHE TpaHchopMaHTaMu niepeTBopeHHs Dyp’e.

PozrisitHemo OuibIn JeTaibHO NEepeTBOPEHHs (2a) Ha MPUKIIAJl BIKHA,3a[IOBHEHOTO
TpaHc(OopMaHTaMU OPTOrOHAJIBLHOTO [IEPETBOPEHHS.
B npomy Bunaaxky MarepuHcbka QyHKIIISI Ma€ BUTIISI

he(t) = w(t) x e, (4)
a (yHKIIIS 13 3CYBOM Ha 4ac T Ta MaciiTaboM a Mae BUTJIS
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ha(t) =w(t — 1)/a)xe ot/ (5)
w(t) — MarepuHChKE BIKHO, HANPUKIAJ, Y BUTISAAI ampokcuMmaiii ['ayccoBoro

n3BoHa 3a XeMmMiHroM, XeHHiHrom, Bapimerom, npsmokytHe tomo; w(t/a) —
BIKHO 31 CMYT'010, 30UIBIIICHOIO B @ Pa3iB.

Binminy BeliBner-@yp’e Bia JOKAIBHOTO MepeTBOpeHH Dyp’e 1eMOHCTpYeE
puc.4. Tak Ha puc. 4,a 306paxeHo miiicHi yacTunu sapa e /@1t e /@2t y gikHi i3
MOCTIHHOIO CMYIOK MPO30POCTI, a Ha puc.4,06 — NiMCHI YaCTUHU BIJIMOBITHUX

sziep npu 3MiH1 Maciutady: a=1; a =".

w(i)-cos(m ) w()-cos(w, 1)

-

2

|
\I\
|

I r
’ .
L4 *
| ..
’ .
e | Y
# | [y
’ 3
[N I t
1
N VARV
A +
. #
Y +
Y ¢
“ P
~ +
~ -
~ ¢
~ rd 7
~ L N
~ - '\
I T S ~,

AHaJOTIYHUY BUTIIA MAIOTh BiKHA, 3aTIOBHEHI YSBHOIO CKIIAJIOBOO SIApA IS
JITI® Ta BeiiBner-dyp'e (puc.5,a ta 5,6).

w(t)-sin(e, - 1) w{(t)-sin(er, - 1)

w(21)-sin(ew, - )

| | |
Sl
AT o
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L4 - ‘
. .
e A ‘ ,.-'1'-» N |
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a o
Puc.5
AMIUTITYAHY XapaKTepUCTHKY CIEKTpiB AOOYTKiB (puc.4, 5) BikHa Ha SAPO

neperBopenHs s JIII® ta BeitBner-Oyp'e HaBeneHo Ha puc. 6,a Ta puc. 6,0

BIJIITOBITHO
'
Fio(t)-e}
o, +Ao o, +Ao
Y Y
[F—— ; — e ——— S S
-, a o - ), 0
A 4
‘F{&J(I)'E "w:g} .+ Ao M+ 2A0
: : ; — ; : .
-, -0y a, w, o -0, -0 ), a2, o
a 4]
Puc.6

Bukxonanusg J1adbopaTopHoi podooTu Ne3

PoGora Oyne BukoHyBaTHCh B makeTi Matlab.
s po3paxyBaHHsI KOe(]IlI€EHTIB MPsAMOro BelBieT mepeTBOpeHHs 3a4aHOT0
CUTHATY Ta MmoOya0BH ckeimorpamu B Matlab icHyrots Bxke BOy1oBaHi (QyHKIIII.

IcHye BenmuKa KibKICTh B)KE€ CTBOPEHHMX BeWBIeT mepeTBOpeHb, MHOKHHA SKHX
3anrcana B O6i0moreni Wavelet Families,
3a pomomororo wmeHw Help—Product Help—Search Results—BBectn

HOIITYKOBE  ciioBo/ciioBocnoinydenusi—  Wavelet families wmoxkna orpumaru
neTaiabHy iHdopMaliro mpo Oyab-ske BeiBiaeT nepeTBopeHHs, 110 HAC IIKaBUTb.
B po6ori 6ynyts Bukopuctani Mexican hat wavelet, Gaussian wavelet

1. Mexican hat wavelet — BeiiBiier «MeKcHuKaHCbKE COMOPEPOY»
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W(x) = %”‘1/4)(1 —x)e ¥ >

[PSI,X] = mexihat (LB, UB,N)
Jana ¢yHK1is ToBepTae 3HaUeHHsI BelBIIeT nepeTBOPEHHS «MEKCUKAHCHKOTO

comOpepo», mobymoBaHoro (ampocumoBaHoro) 3 N Todok Ha oci X BiI
MIHIMaJIBHOTO JI0 MAKCUMaJIBHOTO 3HaUeHHs Ha iHTepBaii [LB,UB].

«MekcHKaHChKe coMOpepo» Mae eheKTHBHI 3HAUCHHS Ha iHTepBai [-5,5].

s dhyHkIis nporopiiiiHa Apyrid moxigHid ['ayciBckboi (yHKINT po3noaity
I'YCTUHHA WMOBIPHOCTI.

[TobynyBatu rtpadixk ¢ynkiii BeliBier mnepeTBOpeHHs «MEKCUKAHCHKE
coMOpepo» Ha iHTepBaii [-5,5] 3 N=1000 Touok.

2. Gaussian wavelet — Beiiner "'ayca

[PST,X] = gauswavf (LB,URB,N, P)

P — nopsinok nanoi pyHkIii.

Jana ¢ynkiis nmoBepTae 3HaueHHs P-o1 moxinHoi gyskiii ['ayca, moOyaoBane 3 N

TO4YOK Ha iHTepBam [LB,UB].

EdexTuBHi 3HaYeHHS qaHO1 QPYHKIIIT 3HAXOASTHCS Ha iHTepBaii [-5,5].

[TobynyBaTu rpadik QyHkIii BeiiBiera ['ayca 8-ro Ta 4-ro mopsiiKy Ha 1HTEpBaJi

[-5,5] 3 N=1000 Touox.

AHaNOTI4HO 7151 8-TO MOPSAKY.

SIx BUIHO, «MEKCHKaHChKE COMOpPEpOo» € OTHUM 3 BHIIB BeiiBieTa [ ayca.

JlaHe mepeTBOPEHHS BUHECEHE OKPEMO, OCKUILKH BUKOPUCTOBYETHCS HAlYacTIIIE.

3. 3anucaTH nepuini TecToBui curuan S1 (3aBaaHHSA OTPUMATH Y BHKJIaava).

4. 3anucaTd APYruid TECTOBHUM CUTHAN S2 (3aBJaHHSA OTPUMATH y BHKJIa/1aya).

5. 3ammcaru Tpetii TecTOBUM CUTHAN S3 (3aBJIaHHS OTPUMATH Y BUKJIa1a4a).

Jlist TOpiBHSIHHS 3 pe3yJibTaTaMH TONEpeAHbOi poOOTH Ta i MPOCTOTH

UTIOCTpallil IPOMOHYETHCS BUKOPUCTATH TECTOBI CUTHAIN poOOTH Nel.

[TobynyBaTu rpadiku curnanis m.4, n.5 ta 1.6.

7. HemepepBHe BelBieT mepeTBOpeHHs € BOynoBaHow ¢yHkiiero Matlab. 3a
nomoMororo  (pyHKIi CWt MOXHaA po3paxyBaTH KOEQIIIEHTH HENEepPEepBHOTO
IPSIMOTO BEUBIIET MEPETBOPEHHS, Ta MOOYIYBAaTH HOT0 CKeiiorpamy.

coefs = cwt(x,scales, 'wname', 'plot')

X — IJaHUM CUTHAI;

scales — 3amanHs MaciTaOy (IIMPHHMA BiKHA BEWBJET IIEPETBOPEHHs), Harp.

a=1:1:64;

‘Wname' — ckopoueHa Ha3Ba BEUBIIET MEPETBOPEHHS, III0 BUKOPUCTOBYETHCS;

Mexican hat wavelet — ‘mexh’;

ITo oci X 3MiHIOETBCS 4ac, MO oci Y — YacTtora, KoedilmieHT MacmTaOyBaHHS a

(scale). ITpu a=1 — HaliBy»4e BIKHO, pU 30LIBIICHHI @ — BIKHO PO3IIUPIOETHCS.

YacTora 3011bI1Y€E€ThCS TPU 3MEHILICHH] @ — IIIMPUHU YaCOBOT'O BIKHA.

o
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3HaiiTi KoedilieHTH npsMOro BekBier neperBoperns (‘mexh’) curnany Sl Ta

noOyayBatu ckeinorpamy. 3anatu a=1:1:64

8. 3HaiiTh KoedimieHTH MPSAMOro BeWBIET mepeTBopeHHs(‘MexXh’) curnany S2 Ta
noOyTyBaTH CKeiorpamy.

9. 3maiitu koedinieHTH MpsiMoro BeiBIieT epeTBopeHHs(‘Mexh’) curnamy S3 ta
noOyayBaTH CKEHIorpamy.

10.ITopiBHATH OTpUMaHI PUCYHKHU Ta 3pOOUTH BUCHOBKH.

11.

[coefs, sgram] = cwt(x,scales, 'wname', 'scal')

'scal' — moOymoBa ckelorpamu;

Ha panumx ckeitorpamax BigoOpa)K€HO PO3IMOAUICHHS €HEprii g  KOXKHOTO

KoeQillieHTa BEUBJIET MEPETBOPEHHS.

[loOynyBaTu  cKkeijorpamy JaHOTO  THILY (BUKOpHCTOBYIOUM  BEWBIIET

neperBopeHHs (‘mexh’)mist curHay S1, S2 Ta s curaary S3.

12.T1opiBHATH OTpUMAaHI PE3YJIbTATH 1 3pOOUTH BUCHOBKH.

13.CtBOpuTH 32 JOTIOMOTOI0 JUCKPETHUX HAOMIKCHUX 3HAYCHDb CUTHAN TIOIOHUN
1o kapaiocurnany. (ecg(100)).

Bino6pasutu rpadik JaHOro CUrHaiy.

P-R Q-T
I Interval Interval

I
|
|
|
|
|
|
|
|

.

I

Tl

QRS °
Duration

14.CtBopuTH 3 MONEPEAHBOIO CUTHAILY CHIHajdl HaOIMKEHUH 10 BUIJISLY
BurnaaiHHsa QRS komruiekcy.

15.CtBopuTH 3 MONEPEAHBOrO CUTHAILY CHIHajdl HaOIMKEHUH 10 BUIJISILY
30UIBIIICHHS aMILTITYIU T -3yOIIs.

16.CtBopuTH 3 TMOMNEPEAHHOrO CUTHAILY CHTHajd HaOIMKEHUH 10 BUIISILY
po3aBoeHHS R-3y01151.
[Ipu BusBNeHHI pi3HUX BUAIB crnoTBopeHb EKI-curnamy MokHa BUSIBUTH Ta
NOMEPEUTH PO3BUTOK XBOPOO cepiis (apuTMisi, TaXiKapiis, 1IEMisl TOILO).

17.Buxonatu Mexican hat wavelet neperBopenHs Ta moOyayBaTH CKeiIorpaMu

[coefs, sgram] = cwt(x,scales, 'wname', 'scal') Ta

coefs = cwt(x,scales, '"wname', 'plot') nusa curHams n.13-m.16..

[TopiBHSATH OTpUMaHi pe3yiabTaTH. 3pOOUTH BUCHOBKH.

18.3po0uTH 3aradbHUIl BUCHOBOK MO JaHii poOOTi (SKi MmepeBaru 3acTOCYBaHHS
BeliBlieT meperBopeHHsT B mopiBHAHHI 3 JIII®, ocobmuBocTi mMOOymOBU
CKeillorpamMu, HaBIIO Ta B SKUX BHMaJKax CJiJ 3aCTOCOBYBAaTH JaHE
EPETBOPEHHS).
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KoHTpPoJIbHI 3anuTAHHSA 10 J1A00PaATOPHOI Po00oTH No2

1. Sxi BUCHOBKHM MOKHA 3p0OUTH 3 HepiBHOCTI ['eiizenbepra?

2. B skux BUMajgkax Ta AJid SKUX LI BUKOPUCTOBYIOTh BEUBIIET IEPETBOPEHHS.
3. Illo sBste coboro ckemorpama?

4. IlepeBaru BUKOPUCTAHHS BEUBIIET MEPETBOPEHHS B OP1BHAHHI 10 JITID.
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JlabopaTopna podora Ne3
BeiiBJieT po3kiaan

Merta podoru
O3HailoMUTHCA 3 pI3HUMU BHJIAMH BeWBIeT (QYHKUIA. 3acToCyBaHHS

pO3KJIIaZly CHWTHAJIIB Ta 300pakeHb 3a JOMOMOIoOl BeWBIeT (yHKIIHN, iX

BiI[HOBJI@HH?I, CTUCHCHHJA Ta 3HCIITYMJICHHS.

3a jgomoMoror BeMBieT (YHKIIH MOXHAa PO3KJIACTH CHUTHAJI Ha

«AMpPOKCUMYIOU1» KOSQIIIEHTH Ta «JIeTai».

KopoTki TeopeTH4Hi BiIoMOCTi
Takuii po3kiaa M03BOJISE BIAHOBUTH CUTHAN (OJHOMIpHHUIA) Ta 300paKeHHS

(IBOMIpHUI cUTHAJ) «0€3 BTpaT» Ta «3 BTpaTaMu» B 3aJICKHOCTI BiJl MOCTABIEHOT

3ajaul.

S — oHOMIpHUI BUX1THUN CUTHAT,
Aj — «anpoKCUMYI0U1» KOEPIIEHTH;
D; — «geramy.
ToOrTo, Hampukiaa, npu ineHTUdikauii ocoOM OCHOBHOK 33/aueio €

pO3MI3HABAHHS KOHTYPIB OOJMYYs, a «IeTalll» € HeCyTTeBUMH. AOO HaBIaKH,
HAIpUKJIAJ, TPW BHUABJICHHI Mi3HIX MOTEHINATIB IUIYHOYKIB JJig PO3II3HABaHHS
CYTTEBHMH € BXKE€ JESKI 3 AeTaleH.

KpiMm Toro, 3a J0MOMOror TakKoro poO3KJIaay 3 BUKOPHCTAHHSM BEHBIIET

(GyHKIIA MOKHA 31HCHIOBATH CTUCHEHHS 00pa3iB Ta iX 3HELIYMIICHHS.
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AN DHN

DV DDn

A. DH:
DV?D D

A. DH.
DVl:)Dl

300parKEHHS (-

A; — «anpoKcuMyro4i» KoedIlieHTH,
DV, — «aeranizyroui» xoedimienTr o BepTuKai,
DH; — «neranizyroui» koedinientn no ropusonrai,

DD, — «aeranizyroui» xoedirientn no aiarosai.

3aB1aHHA HA BUKOHAHHS J1abopaTopHoi podoTu «BeiiBiaeT-po3Kian

1. Ins 3agaHoro curHany (BHIA€ThCS BHUKJIAJayeM) BUKOHATH OJIHOPIBHEBUIA
JTUCKPETHUIN OJTHOMIPHHUI BEUBIIET-PO3KIIA.

1.1. OgHopiBHEBUI AMCKPETHUI OJHOMIPHUI BEWBIIET-PO3KJIAJ 3alUCYETHCA 3a
nornoMororo GyHkirii dwt.

[cA,cD]=dwt(s,’wname’) — maHa (QYHKISI pPO3PaxOBye aNpOKCUMYIOUi
koedimienT CA Ta meranizyrodi koedimientu CD BekTopy-curnamy S. ‘wname’ —
iM’s BeWBIIETY, JJI sikoro MoxuBi mBuaki anropurmu (haar, db, sym, coif, bior,
rbio, dmey).
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1.2. Ha omnomy pucyHkKy moOyamyBatu rpadik BUXITHOTO CUTHAIY S Ta rpadiku
koedirienTiB CA, cD.

1.3. 3BOpOTHHIT OJHOPIBHEBUU TUCKPETHUNW OJHOMIPDHHMIA BEHBJIET-PO3KIA
3aIUCYETHCS 32 JOMOMOT0r0 (yHKIIIT 10Wt.

ss=idwt(cA,cD, ‘wname’);
ssa=idwt(cA,[ ], ‘wname’);
ssd=1dwt([ ],cD, ‘wname’);

SS — BIJHOBJIGHUM CHUTHaJI 3a aNpOKCUMYIOUMMH Ta JAeTali3yIOUhMHU
Koe(dirieHTamu;

SSa — BIJTHOBJICHUW CUTHAJ TIJILKH 32 allPOKCUMYIOYUMHU KOe(IllIEHTaMU;
SSd — BiIHOBIJIEHHI CUTHAJ TUIBKH 3a JETaTI3yIOUUMHU KOe(IIliEeHTaMU;

Bukonatu 3BOpOTHUN OJHOPIBHEBUW MHCKPETHUN OXHOMIPDHUM BEUBIIET-
PO3KJIaJl TaHOT'O CUTHAILY.

1.4. Ha omnoMy pucyHKy moOynyBaTH rpadik BUXITHOTO CUTHATY S, BITHOBICHUX
CHUTHAJIB SS, SSa, Ssd.
1.5. Po3paxyBaTH BiIXWJICHHs CUTHATY SS, SSa Ta SSA BiJ BUXiTHOTO CHTHAITY S

(po3paxyBatu HOpMY pPi3HHIII). 3pOOUTH BUCHOBKH.
2. Jlns 3agaHoro curHajiy (BUIAEThCS BUKIJIAJlady€M) BUKOHATH OaraTopiBHEBUIA

JTUCKPETHUHN OJTHOMIPHUY BEUBIIET-PO3KIIAI.
2.1.baraTopiBHEBHI JUCKPETHUN OJHOMIPHHMM BEHBJIET-PO3KIIAJ 3alMHMCYETHCS 3a
nornomororo GyHkiii wavedec.

[c,I] = wavedec(s, N, ‘wname’), C — BeKTOp, 110 Ma€ CTPYKTYPY

¢ =[cAn, €Dy, ..., cD4];

| = [length(cAy), length(cAn)].

| = [length(cAy), length(cDy), ..., length(cD,), length(s)]; N — piBenb po3kiany.

Bukonatu OaraTopiBHEBHM JUCKPETHUNM OJHOMIPHUN BEUBIET-PO3KIIAJ
curHaiy 3 pisHeM po3kiany N=3, ‘wname’ =db4’.
2.2.baraTopiBHeBe OJIHOMIPHE BIJHOBJIEHHS CUTHATY 3aIlUCYETHCS 3a JIOMOMOT OO
dbyHKIIiT wWaverec.

ss=waverec(c,l,”wname”’).

Bukonatu 6araTopiBHEBE OJJHOMIPHE BIIHOBJICHHS JAHOTO CUTHAIY.
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2.3. Ha omHoMy pUCYHKY MOOYIyBaTH BUXIIHHM CHUTHAJ, BEKTOP-KOE(DIIIEHTIB C
Ta BIJTHOBJICHUY CUTHAI.
2.4.Po3paxyBaTH BIIXWJIECHHS CUTHATY SS BiJ] BUXITHOTO CUTHAIY S

(po3paxyBaTu HOpMY Pi3HHULI1). 3pOOUTH BUCHOBKH.

3. Po3paxyHOK  ampoOKCHMYyIOYWX Ta  JETANI3YIOUWX  KOCQIII€HTIB IS
0araTopiBHEBOI'O PO3KIIAY.
3.1. Po3paxyHOK anpOKCUMYIOUHUX KOE]IIIEHTIB.

cA=appcoef(c, I, ‘wname’) — po3paxoBye anmpoKCUMYIOUi Koe(iiEHTH OCTAaHHBOTO
PIBHA pO3KJIay, SKUH BIIOYBCS.

cA=appcoef(c, I, ‘wname’, NO) — po3paxoBye anmpoKCuMyo0Ui KOe]illieHTH PiBHS
NO<N.

PospaxyBatu anpokcumytoui koedimieHTH 1, 2 Ta 3 piBHIB po3KIIany.
3.2. IloOynyBaTi Ha OAHOMY PHUCYHKY TIpadik BHUXIIHOTO CUTHaldy Ta rpadiku
anpokcuMyrounx koedimieHTiB 1,2 ta 3ro piBHIB pO3KiIamy.
3.3. Po3paxyHok neranizyroun KoeilieHTiB.

D=detcoef(c,l,N) — po3paxyHok aeranizyroun koedirieatiB N-ro piBusi.

[cdl,cd2,...,cdN]=detcoef(c, I, [1,2,....N]) — po3paxyHOK JeTayTi3yr0unx
KoeIili€HTIB BCiX piBHIB A0 piBHA N.

PospaxyBartu neranizyrodi KoedillieHTH BCIX PIBHIB PO3KJIAY /10 3 piBHS.

4. OnHOpIBHEBA PEKOHCTPYKIIiSL OAHOMIPHOTO BEUBIIET-PO3KIIALY.

4.1 5lxkmo 3amaHuii BeKkTOp BelBleT-po3kinany [C, I] piBHs poskmamy NO, To
komaHaa Uupwlev 3maxomuth BekTopu BeiBier-poskiany [NC, NI] piBas
po3kiany NO-1, ToOTo Ha omuH piBeHb BHUIE. TaK0XX BUBOISATHCS OCTaHHI

anpokcumyroui koedirientu CA piusa NO.
4.2.

[Nc, N1, cA]=upwlev(c, 1, ‘wname’).

3a J0MOMOror KOMaHaud UPWIeV, BHKOPHUCTOBYHOYM BEKTOP BEHUBICT-PO3KIAIY
[c, I] piBHs po3kitany 3, po3paxyBaTu BekTop BeliBieT-po3kiaany [Nc, NI] piBus
po3knany 2.

4.3. [loOynyBaT Ha OZHOMY PHUCYHKY rpadik BHXITHOTO CHUTHANy Ta Trpadiku
BEKTOPIB TPETHOTO PiBHS po3kiany Ta NC Apyroro piBHS po3KIamy.
5. BigHOBIEHHS CUTHATY 32 OJHIEIO TIKOK BEUBIET-KOE(IIIEHTIB.
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5.1. fxmo Bimomi BekTopu BeiBieT-po3kiany [C, |] piBus N, To 3a momomororo
KoMaHau Wrcoef Mo)kHa BITHOBHTH CHUTHAJl 3a OJHIEI0 TUIKOIO BEHBIIET-
Koe]ilieHTiB Ha Oyab-skoMy piBHI po3kiaxy NO<N.

X=wrcoef(‘type’, ¢, I, ‘wname’) — 3a koeQimieHTAaMH MaKCUMAJIBHOTO PIBHS
po3kimany N.

X=wrcoef(‘type’, c, I, ‘wname’, NO) — 3a xoediriearamu piBHs po3kiaxy NO<N.
‘type’ =’a’ — BIIHOBJIEHHS 3a ANPOKCUMYIOUMMHU Koe(DillleHTaMu;
type’ =’d’ — BigHOBIIEHHS 32 JACTATI3YIOYMMH KOe]il[ieHTaMHu.

BinHoButH curHanm 3a anpokcumyrouuMu KoedimieHtamu 3, 2 Ta 1 piBHIB

PO3KJIay Ta 3a JACTAII3YIOYU MU KOe(IlliEHTaMU TUX CaMUX PIBHIB PO3KJIAy.

5.2. IloOynyBaT Ha OJHOMY PHUCYHKY Tpadik BUXIIHOTO CHUTHaIy Ta Tpadik
BI/IHOBJICHMX CHUTHAQJIIB 3a aNpOKCUMYIOUYHUMH KO€(]illIEHTaMU TPEThOTo,
ApYyroro Ta Iepumioro piBHIB Ta rpadik BIJHOBIEHUX CHUTHAIIB 3a
JETAN3YIOYUMHU  KOeQIlIEHTaMU TPEThOr0, JPYroro Ta TMEpIIoro pIBHIB.
3poOUTH BUCHOBKH.

6. JIBomipHe BeliBaeT-niepeTBopeHHs. Pobora 3 300pakeHHsIMU.

6.1. 3aBaHTakutH TecToBe 300pakeHHs 3 Matlab 3a momomororo komanmu load
(TecToBi 300paxkeHHs — Spine, detail, woman, detfingr i T.x1.).

Jlns BHOOPY KOJBLOPOBOI KapTH BHUKOpucTaTH KomaHmy colormap (colormap
gray; colormap pink i t.1.).

3a nmomomorow (¢yHKII wcodemat BUKOHATH ICEBIOKOJILOPOBE MATPUYHE
MacIiTa0yBaHHS KOJHOPOM Matrpuili 3o00paxenHs X — X = wcodemat(X,
size(map,1)) — y BIAMOBIAHOCTI 10 KOJIBOPOBOI KapTH.
Jlnst BUBOY 300paKeHHST Ha €KpaH BUKOpUcTath KomaHny image(X). Moxna
BUBECTH YACTUHY 300paKeHHS — Hampwiian, 3amgarounm Mexi X=X(100:200,
100:200).

6.2. OnHOpiBHEBE JAHMCKpPETHE JBOMIPHE BEHBIET-NIEPETBOPEHHS 300paskeHHS
BUKOHYETBLCS 32 JOIMOMOTor0 pyHkii dwt2,

[cA, cH, ¢V, cD] = dwt2(X, ‘wname’);
CA — anpokcuMyto4i Koe(DilieHTH PO3KIIay;

cH, cV, cD — geramizyroun KOeQIIIEHTH NEPUIOTO PIBHSI TPbOX THUIMIB —
TOPU30HTAIbHI, BEPTUKAIBHI, J1arOHAIBHI BIAOBIIHO.
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Bukonat omHOpiBHEBE JUCKPETHE JBOMIpHE BEHBJIET-TIEPETBOPEHHS
300paKeHHHI.
6.3. [ToOyayBaT Ha OTHOMY PUCYHKY BUX1THE 300pa)KEHHS Ta B1IOOPaKEHHS BCI1X
Koe(iIl€HTIB PO3KIIATY.
6.4.3BOpOTHE  OAHOPIBHEBE JHUCKPETHE JBOMIPHE BEWBJIET-TIEPETBOPEHHS
300pa)KeHHS] BUKOHYETHCS 3a IOMOMOror0 QyHKIIT idwt2.

Xx = idwt2(cA, cH, cV, cD, ‘wname’) — BiZHOBIICHHS CHUTHaJIy 3a BcCiMma
Koe(dirieHTamu;

Xa=idwt2(cA,[1,[ ], [ ], ‘wname’) — BiIHOBIIEHHS CUTHAJY 3a allPOKCUMYIOUNMU
Koe(dirieHTamu;

Xh=idwt2([ ], cH, [ ], [ ], ‘wname’) — BiIHOBJICHHS CUTHAJy 3a JICTali3yIOYNMHU
TOPU30HTAIBHUMU KOe(IlIEHTaMH;

Xv=idwt2([ ], [ ], cV, [ ], ‘wname’) — BiAHOBJICHHS CHUTHAIIy 3a JACTalli3yI0uuMHU
BEPTUKAJILHUMU KOoe(illi€eHTaMH;

Xd=idwt2([ ], [ 1, [ ], cD, ‘wname’) — BiTHOBJICHHSI CUTHAJTy 3a JETaIi3yIOYNMHU
JiarOHAIbHUMH Koe(iIieHTaMu;

Bukonatu 3BOpPOTHE OIHOpIBHEBE AMCKPETHE JBOMIpPHE BEHBIIET-TIEPETBOPEHHS
(m1st KoskHOro BHMaaky Xx, Xa, Xh, Xv, Xd).

6.5. [lobynyBati Ha OAZHOMY pHCYHKY BHXIiJHE 300paX€HHS Ta BIiJHOBJICHI
300pake€HHs 3a KOKHUM BUIOM KOe(]III€EHTIB pO3KIIATY.

/. BunaneHHs urymy Ta KOMIIpecisi 300paKeHb.

7.1. ABTOMaTU4YHE BUAAICHHS IIyMY 3 CyMIIlll CUTHAJI-TIIYM.

JlaHa GyHKIIiSE BUKOHYETHCSI TPY BUKOPUCTaHHI Komauau Wden.
Xd =wden(X, TPTR, SORH, SCAL, N, ‘wname’);

Xd — ouMIIEHNHA CUTHAT,;
TPTR — Bu3zHaueHHs TUITY TTOpOry (iabTpartii:

‘heursure’ — eBpUCTHYHUI BapiaHT MEPIIOrO BUOOPY;

‘sqtwolog’ — ynisepcanbhuii nopir / 2log (lenght(x));
‘minimaxi’ — MiHi-MaKCHHH TOPIT.

SORH = ‘s” abo ‘h’ — BuOip M'sskoro a0bo >KOPCTKOr0 MOPOTY BiAMOBITHO.



28

SCAL — Bu3HaueHHS MYJbTUIUTIKATUBHOTO TOPOTOBOTO IepeMaciiTa0yBaHHS.
Sxmo myMm He HajaexkuTh npomikky [0,1] abo HeOinmui, To mopir Mae OyTH
nepeMaciTadoBaH 3 BUKOPUCTAHHSAM OIIHKH PiBHS IIIyMY:

‘one’ — 0e3 nepemacITadyBaHHs, KOJIM BUKOPUCTOBYETHCSI OA30BUI METOL;

‘sln’ — st mepemaciTabyBaHHS TIOPOTY 3 BUKOPHCTAHHSIM OI[IHKHU PiBHS TyMY Ha
0a31 Koe(iLIEHTIB NEPIIOTO PIBHS;

‘min’ — ms nepemacmTabyBaHHs MOPOTY 3 BUKOPUCTAHHSAM OIHKH PIBHS LIyMY,
110 3aJICKHUTH BiJl PIBHS PO3KIIATY.

Jlnst imrocTpartii po6oTu maHoi GyHKINT BUKOHATH HACTYITHUHN TPUKITA:
load noisbloc;
x=noisbloc; N=8; wl='sym8';

xh=wden (x, 'heursure', 's', 'one', N, wl);
xs=wden (x, 'sgtwolog', 's', 'sln', N, wl);
xm=wden (x, 'minimaxi', 's', 'sln', N, wl);

[TobynyBaT Ha OHOMY PUCYHKY rpadik BUXITHOTO CUTHAIY X, Tpadiku
3HEIIYMJICHUX CUTHAMIIB 3a PI3HUMHM noporamu (uibTpalii. 3a1atu oci

0x=[0,1000]; Oy=[-6,20].

KoOHTPOJIBHI 3ANIUTAHHSA JI0 JIA00PATOPHOI po00oTH Ne3

=

Bukopucranns BeiBieT QyHKIIH 1715 pO3KIaay OJHOMIPHOTO CUTHATY.

Bukopucrtanns BeriBieT GyHKIIN 1Ji1 pO3KJIaay JBOMIPHOTO 00pasy.

3. BigHOBIIEHHS CHUTHAIB 3a «IETANI3YIOUMMH» Ta «AMPOKCUMYIOUUMU
KoedirieHTamMm.

4. 3arocyBaHHS pO3KJIaay 32 BEUBIIET (PYHKIISIMU.

A
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JlabopaTopHa podora Ned
Hopmadaizaiis TeCTOBOIro CUrHaJy 3a piBHEM

Merta podoru
O3HailoMUTHCA 3 METOJOM HOpMali3alii curHaizy 3a piBHeM. OBoJIOAITH

HaBUYKaMH MPOTrpaMyBaHHS aJTOpUTMY-KiIacudikaTopa CUTHAIIB.

KopoTkKi TeopeTnuHi BitomMocTi
JI7st Kpaioro po3yMiHHS OCHOBHI MOJIOKEHHS METOy OyJeMO po3IJisiiaTh Ha

OPUKIAZAl KOHKPETHOTO OOpaHOrO0 OpPTOTOHAIBHOTO MepeTBOpeHHs. [l 1poro
o0epemMo TiepeTBOpeHHs Younma-Anamapa, Aeski 3 TpaHCQOpPMaHT SIKOTo (Ipu
nuckperusaiii) 300paxkeHi Ha puc.1.10. Jlnga Takux QyHKIIN HOpMmamizaiito “‘3a
KPOKOM™ BHUKOHATH HEMOXJHUBO (OCKUIbKM TpaHC(OpPMAHTH MalOTh JIMIIE JBa
3HauyeHHs: +1, -1).

Hexaii TecToBuil curnan mae BUrisg puc.2.3, a popmat (KUIbKICTh BIAJIIKIB)
TECTOBOI'0 CUTHaJy 1 QyHKIT Youiia — Hanpukiaz, y; (puc.2.2), oJHaKOBI.

[TominmuMo BIIUTIKH Xpgy HA PHC.2.3 HA KOPETYIOUl KOSPIIIEHTH

k — Xtest (n)

" M) Kn = Xtest (M) /1(N) (2.6)

Toni curnan puc.2.3 neperBoputhesa Ha (QyHKIIO y; Ha puc.2.2. Koperyroui

kKoe(diIieHTH HaBeaeHO B Ta0.2.3.

Uiy

| [

111

s 2

IR

Puc.2.2 Tpancpopmantu (6a3ucH1 QyHKI[IT) nepeTBOpeHHs Y onma-Agamapa

=)
=
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X test
7 e o W
) N I O DN A I N
i T Ty
0 2 4 6 8 1
Puc.2.3 TectoBu curHai
Tabanig 2.3
ko kl k2 k3 k4 k5 kG k7
B B+ B + B+ B+ B+ B + 2
(A=B)/7 | 2(A—B)/7 | 3(A—B)/7 4(A-B)/7 5(A—B)/7B |6(A—B)/7

k8 k9 klO kll klZ k13 k14 k15
] B - —B - B - B - —B- B - .
" |6a=B)/7 |5(4—-B)/7 |44a—-B))7 |3(4—B)J7 |2(4—B))7 |(A-B))7 |

ANTOpUTM HOpMaJi3allii 3a piBHEM Ma€ HACTYIHUM BUTJIS.

1. Jlns TecTtoBOro curHainy (BIAMOBIIHMM YHWHOM HOPMOBAHOI0) 00paTu
OpPTOrOHAJIbHE MEPETBOPEHHS Ta 0a30By TpaHC(HOPMAHTY MEPETBOPEHHS.

2. Jlis koxHOro 3 N BiUTIKIB TECTOBOTO CHUTHANy 1 TpaHC(OPMAHTH 3HAUTH
KOperyrdi KoeiIieHTH.

3. [Mopinuty BIJUIIKM HEBIJOMOTO JIOCHIP)KYBAHOTO CHTHAjly Ha KOpEryoul
KoedimieHTH (SKIIO CUTHAI BIAPIZHSAETHCS BiJl TECTOBOTO JIUIIE aMILTITYOO,
OJIEP’)KUMO TpPaHC(HOPMAHTY IUCKPETHOTO OPTOTOHAIBHOIO IEPETBOPEHHS TIET
caMoi aMIUTITYH).

4, Bukonatu rio0anbHE NEPETBOPEHHS CKOPErOBAaHOTO JOCIIIKYBaHOTO
CUTHAIY.
S. SIKIIO CHEeKTp NMEepEeTBOPEHHS MICTUTH JIMIIE aMILTITYAy TpaHC(OpMaHTH, 3a

KOO TPOBEICHO HOpMaTi3allito, TO JOCHIPKYBaHUN CHUTHalI (3 TOYHICTIO 0
aMIUTITYM) TOTOKHUW JI0 TECTOBOro. SKIIo coekTp Oaratuii 1 Mae BEIUKY
KUTBKICTh TpaHCc(OpMaHT, CHIBMIpHUX 3 0a30BOI0 Il HOpMaii3aiii, TO
JOCIIKY€EThCS CUTHA, HaBITh HE CXOXKHUI Ha TECTOBUU.

Tak, Hampukiaa, nepeTBOpeHHs Yomnma-Axamapa M CUTHALY Xiegt,
3o00paxkeHoro Ha pwuc.2.3 (B=1, A=8), micna #oro HopMam3amii 3a
Tpancopmantorwo y; (puc.2.3) mae Burisg puc.2.4. B Tol camuii yac s
CUTHAITy, 300paXK€HOro Ha pucC.2.5, omepkumo cuektp puc.2.6. [{ns curnany,

300paxkeHoro Ha puc.2.7, 3 aguTuBHUM ImymoM (¢ = 0,244923B, 3HayeHHs
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BimtikiB mrymy N(n) HaBemeHo B Ta0i.2.4) OTPUMAEMO CIIEKTP HOPMAJi30BaHOTO

NepEeTBOPEHHS, 300pakeHnid Ha puc2.§.

St
16-—9

-——0—0—0—0—0—0—0—0—0—0—0—0—0—0—-
0 2 4 6 8 10 12 14 k

Puc.2.4 CrekTp CUTHANTY X¢pgt

X’
AF-—--—-— -0
/o/,o/’c
o
1111 H
o 2 4 6 8 10 12 14
Puc.2.5. JocnimxyBanuii curHani
SXﬁest
F B P S S R P R R R P R AR SRS
204 —fF-———m

IOZJI;416]8710112T14T

<@

Tab6n1.2.4

No N; N, N3 N4 Ns N \

0 0.25 0.28 -0.19 -0.21 0.20 —0.19 —0.11

I\|8 N9 NlO Nll N12 N13 N14 N15

0.03 —0.50 0.48 0.37 —0.19 —0.38 0.22 0.05
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Kiest
Arrr-——————————— ——— 0— @

4 6 8 10
2 $ ¢ 12 14 ® k
Pnc.2.8

Ha npakTtuiii Moke BUHUKHYTH CUTYallisl, KOJIX CUTHAJ, SIKUI TOCHTIIKYEThC,

BIJIPI3HSETHCS BiJl TECTOBOTO HA MACIITAOHUM MHOKHUK 200 MICTUTH “JTOTATKOBY’
NOCTIMHY cKkiagoBy. Takuil curHaji, 3MIHEHHH 3a JOMOMOIOK MAacIITaOHOTO
MHOKHHKA 1 CKJIaJIOBO1, HACIIPAB/A1 € TUM CHUTHAJIOM, SIKMH HaM MOTPIOHO 3HAUTH
npu  00poOIi. SIKImO B SKOCTI TECTOBOTO CHUTHANY BHUCTYMAIOTh EJIEMEHTH
300paK€HHS, TO 3MiHa MacHITaOHOrO MHOXHHUKA BIAMNOBIA€ 3MiHI KOHTPACTY
300paKE€HHS, a J0JaTKOBAa TOCTifHA CKJIaq0Ba BIUIMBAE€ Ha SICKPaBICTh, TOOTO
po30aBiieHICTh 300pakeHHsT OimuM. /[ Toro, moO Takuii CHTHal B Pe3yjIbTari
BUKOHAaHHS HOpPMAaJi30BaHOI'0 MEpeTBOpPEHHs Youma-Anamapa OyB BHU3HAHMM 3a
TECTOBUHM, NOTPIOHO Horo MmeHTpyBaTh (TOOTO 3HAWTH TMOCTIAHY CKJIAJ0BY
JIOCJIIJIPDKYBAHOTO CUTHAJTY 1 BITHATH ii BIJ] TOCII)KYBaHOTO CUTHAJY), aHAJIOT14HO,
[IEHTPOBAHNM TOBWHEH OyTH 1 eTamoHHWM curHail. [lpw 1mpomy oOuuciIOBaTH
CIIEKTp 1 TOCTPOTY CJII came I Takoi mapu curHaiiB. [lpu HasBHOCTI
CTAaIllOHAPHOTO AJUTUBHOTO MIyMy 3 IIYMOBHUM CEpeIHIM, HOTo JOJaBaHHS 10
JOCIIIJDKYBAaHOTO CHUTHAJy HE BIUIMHE Ha MacimTaOyBaHHS KoOe(]illi€HTIB
HOpMaJTi3allii.

O1inKy BiIMIH CHUTHATIB (BUKIWKAHUX CIIOTBOPEHHSIMH KaHAIIB Tepenadl,
aIUTUBHUM IIyMOM TOIIO) TaKOX MOYKHAa TIPOBECTH 3a KoedimieHToM

TpaHC(OPMAHT:
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yN- 1A2/ (2.7)

l#n n»
ne A, — amroiiTyna TpaHC(bopMaHTI/I, 3a SIKOIO IMPOBOJMIIACS HOpMaJIi3allis.
Tax, nna curnany puc.2.3 K,,=0, mms curnamy puc.2.7 kK,,=1.232945, a mns
curnaiy puc. 2.5 Ky, > 1.
Hapenenuit npukiag Hopmaiizalli, 10 UIFOCTPY€E 3alpONOHOBAHUN METOJI,
noOy0BaHO HA TpaHCPOPMaAHTI MEpEeTBOPEHHS Y oiia-Aiamapa, ajie siCHO, 110 K
0a30By MOXKHa TMPUUHATA TpaHCHOpPMAHTy OyAb-SKOrO  OPTOrOHAIBHOIO

INEPETBOPCHHA.

3aBAAHHA 10 BUKOHAHHA PO0OOTH

1. 3a Ha/IaHOI0 HABYAJILHOIO MHOXXHHOIO CHUTHATIB (3aBIaHHS OTPUMATH
y BUKJIaJlaya) HeOOX1IHO BU3HAYUTHU MAaTeMaTUYHE OUYIKYBaHHS JJIs JAHOTO KJIacy
Ta IPUAHATH HOT0 B KOCTI TECTOBOTO CUTHAITY.

[ToOyayBaTn Ha ogHOMY TI'padiKy CUTHAIM, IO BXOJATH JI0 IaHOTO KJIacy Ta
iX MareMaTU4YHE OYIKyBaHHSI.

2. Jlnst  HOpMmaumizailii CUTHajlly 3a pIBHEM 00paTd OpTOTrOHaIbHE
nepeTBopeHHs1 (mepeTBOopeHHs Apnamapa) Ta OAHy 3 (QYHKLIA JaHOro
nepeTBopeHHs. Po3MipHICTh  (KUIBKICTh BIIJIIKIB) TECTOBOI'O CHUTHAIY Ta

IEPETBOPEHHS Ma€e OyTH OIHAKOBA.

3. BusnaunTu xoperyrodi koediieHTu
kn = v /Xtest(N) (1)
4. TecroBui  CHTHaJ  NOPUMHATH 3  YPaxyBaHHSAM  KOPEryIOUMX

KOEDIIEHTIB Xpogsr (M) = Ky * Xposr ().
OO0uncnuTH Ta MOOYAYyBaTH CIEKTP TECTOBOI'O CHTHANy Ta OOYUCIUTH
Koe(ILIEHT TpaHC(HOPMAHT.
an = Hady, * Xtest (n)

= [T A7/ An
5. JIisl KO’)KHOTO CHUTHAY, IO BXOAWTH JO HABYAIBHOI MHOKHHH,
BUKOHATH 11.4.
6. OOpatu HaifOuUTbIIe 3HAa4YeHHA KoedilieHTa TpaHCPOPMAHT SK

TPAHULIO Kiacy A Krpmax-
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3amatv  JIOCHIJKyBaHI CHUTHAIM (3aBIaHHS OTpUMAaTH Yy BUKJIAJaya).
[ToGynyBatn Ha omHoMy rpadiky maTeMaTHUYHE OYIKYBaHHS JJii HaBYaJbHOI

MHOKHHH CUTHAJIB Ta JOCIIKYBaH1 CUTHAJIH.

7. JocnmimpKyBaHi CUTHAIM TPUHHATA 3 ypaXyBaHHSAM KOPETYIOUHX
Koe(iIieHTIB.

8. JInst JoCTiPKyBaHUX CUTHAJIIB BUKOHATH 11.4.

9. [ToOynyBaTH CHEKTP TECTOBOTO CHUTHATY, CICKTPH CHUTHATIB, IO

BXOJIATH /10 HABYAJILHOI MHOXKUTH Ta CTIEKTPU JOCIIKYBAHUX CUTHAIB.

10. I[Ipu  kmacudikamii  koedimieHT  TpaHCHOPMAHT  HEBIIOMOTO
JIOCIDKYBAHOTO  CUTHANY Kyp nocn CHII TOPIBHATH 3 TPAHMYHHMM 3HAYEHHSM
Koedinienty knacy A. SIKIO Ky iocn < Krpmax, TO BIIHECTH LA CUIHAJ JI0 KIIacy
A. Y Bunmanky, SKmo Kipocn > Krpmax — UEH CHUTHAI HE HAJEKHUTh IO TaHOTO

KJacy. 3poOUTH BUCHOBKH.

KoHTpoJbHI 3anuTaHHSA 10 J1a00paTOPHOI poooTH Ned

1. TleperBopeHHs Anamapa.
2. CtBOpeHHs kiacu(ikaTopa 3a METOJ0M HOpMali3allii CHTHAIY 3a PIBHEM.
3. Tlousarrsa koedimieHTy TpaHC(HOPMAHT.

Kputepin kKnacudikatopa.
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JlabopaTopna poodora Ne 5

IHudposa pinbTpanis 300pakeHb

Meta podoTn
B naniii naboparopHiii po6oTi onucaHo anroputMu uugposoi ¢inbTpamii
300paxeHb, 10 BHUKOPUCTOBYIOTHCS B CyYacHI KOMIT IOTepHi Tpadimi 1
0a3yloTbCd Ha METOMAl JIOKaJbHOI (uIbTpalii BIKHOM (abo amepTyporo), 1o

«KOB3a€» M0 BIKHY. TepMiH «IOKaIbHaY) MIIKPECTIOE TOU (PaKT, M0 po3Mipu BiKHA
MEHIIIE BIAMIOBIAHUX PO3MIPIB 300pakKeHHsI, M0 (QUIBTPYETHCH.

KopoTki TeopeTnuHi BiZoMocCTi

Meta JgokajabHOi (iabTpamii — mominmeHHs SKocTi o0pa3y (BUAaICHHS
nIyMiB) a00 BUIUICHHS B HhOMY BU3HA4YeHO1 iH(opMartii (TiaKpecaeHHs] KOHTYPIB).

JlokanbHa QiapTpallis Mae Ui bOTO JIOCTaTHHO BEIUKY KUIBKICTH 3aC001B
00OpOOKH: BiJl aNTOPUTMIB yCEpEIHEHHS B OKOJi (IHTETpyBaHHS) JO OIEpaTopiB
JIOKaJIbHOTO Ju(epeHITlitoBaHHs Ta MiAKPECIeHH KOHTYPIB 1 BUILJICHHS TIKIB.

Hns  dinpTparii 300paxeHb 3aCTOCOBYIOTH JBOBUMIpPHI (QUIBTPH, IO
BIJMOBIJAI0TH TBOBUMIPHINA MPUPO/Il CAMOT0 300payKEHHS.

JIBoBuMipHuii ¢iabTp — 1e HeBelnuKa, 3BUYAHHO TNPSAMOKYTHA, IUISHKA
IUIOLIMHY, Ha SIKYy HakJajeHa Jaeska Gynkuis. [{ro JUIsTHKY Ha3UBalOTh anepTyporo
a0o BIKHOM, a 3aJaHy Ha Hii BaroBy (QVYHKIIO — BaroBor (QyHKIE abo
dbyHKIi€l0 BiKHA (IMOYJbCHOK XapaKTEPUCTHUKOW (GuUIbTpa). AmepTypy pa3om 3
BM3HAYCHOIO HAa Hi BaroBol0 (YHKIIEID HA3UBAIOTh MAcKOIO. AMepTypa Mae
HEBEJIUK1 po3MipH, 3a3Bu4ail, 3x3 abo 5X5 eleMeHTIB.

OinpTpalilo  BUKOHYIOTH TEpPEMIIIEHHSIM anepTypu (uibTpa B3JI0BXK
300paxeHHss. B KOXHOMY TOJNOXEHHI amepTypu MpH [bOMY BHUKOHYIOTHCS
OJTHOTHUIIHI [Iii, sIKI ¥ BHW3HA4YaIOTh BIATYK (GinpTpa. BaroBa QyHkIis B mpoieci
MEepeMIIIeHHs] BIKHA 3aJIMIIAEThCS HE3MiHHOI0. Tomy GuIbTpallito BIKHOM, IO
NEepEeMIIYETHCS, BITHOCATH JO MPOCTOPOBO-IHBAPIAHTHUX OMNEpPALIiil.

XapakTepHUM MPUKIAJ0M € aITOPUTM JIiHiiHoT QIIbTpallli, e 115 KOXKHOTr0
TIOJIOKEHHST amlepTypu BaroBa (DYHKITST TTOSIEMEHTHO MHOXKHUTHCS Ha 3HAYCHHS
BIJIMOBIIHUX TIIKCEJIEH BHXIJTHOTO TIOJIOXKEHHS; J00yTku cymyroThesa. Cyma
IUIMThCS Ha KOE(QILUIEHT HOPMYBaHHSA 1 OTpHMaHa BEJIMYMHA, IO € BIATYKOM
b1IBTPY, MPUCBOIOETHCA TOMY MIKCETI0 HOBOTO (TIPOo(diIbTpOBaHOT0) 300paKeHHS,
110 BIJIOBIZA€E MOJIOXKEHHIO IEHTPY aneptypu. LleHTp TyT oOpaHo vepe3 Te, 1o B
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IHIIIOMY BHITAJIKY (SIKIIIO MMPUCBOIOBATH 3HAYEHHS BITYKY MIKCEIIO, 10 BIAMOBIAAE
JIBOMY BEpXHbOMY €IEMEHTY BIKHA) ¢uibTpalis OyAe CynpOBOIKYBATHCS
HEeOKaHNM 3CYBOM BiA(QUIBTPOBAHOTO 300pa)X€HHS BIAHOCHO BUXIiTHOTO.
Hopmytounii koedilieHT 3a3BU4Yail BUOMPAEThCS PIBHUM CyMi BCIX €JIEMEHTIB
BaroBoi (Qyukuii. IHoai BaroBi (QyHKIII MOXYTh MaTH HYJIbOBY CyMYy, TOAl
HOPMYIOYHUH KOe(]illieHT BUOMPAETHCS PIBHUM OJIMHMIII.

MoyaTok KoopAauHaT

L A

Macka (x,y)

306paKeHHs

x Y

QU i) =3 F(—p,+p. j—0, +DI(P.q)

p=1 g1

®@iabTpy HM3bKOI 4YacToTH. OJHUM 3 HAWOUIBII PO3IMOBCIOKEHUX
3aCTOCYBaHb JIHIMHUX (UIBTPIB € «3MIaKyBaHHs» IIyMiB. Ilpu yactoTHii
iHTeprnperamnii  mpoueciB  QuibTpamii  GUIBTP, [0 TOMABISIE UIyMH, €
HU3BKOYACTOTHUM (PLIIBTPOM.

ImnynbcHi xapakTepucTuky (GyHKIIIT BiIkHA) TaKUX (QLIBTPIB MAIOTh BUTIIS;

111 111
G.=%|1 11,6, =¥,1 2 1]
111 111

Jinitini  ginempu € onmumanrvHumu npu @itempayii 3a6a0 3 2ayCiBCbKUM
xapaxmepom po3nooiny.

®DijabTpH BUCOKOI YacTOTH. HacTynmHNM 3acTOCYBaHHSM JIIHIMHUX (DUIBTPIB
€ MIIKpecIeHHs rpaHulb. Jns 1€l MeTu BHUKOPUCTOBYIOThCA (UIBTPH 3
HACTYITHUMH MacKaMHU:
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0 -1 0 -1 -1 -1 1 -2 1
G, =/-1 5 -1|,G,,=|-1 9 -1|,G, =[-2 5 -2|.
0 -1 0 -1 -1 -1 1 -2 1

Hani ¢GinbTpu MiICUIIOIOTH Iepenagu TpaHullb Ha 300paxenHi. Lle
NPOSIBIIIETHCST B MIABUIICHHI YITKOCTI 300pakeHHs. B Tol camumii dac
B1JI0YBa€ThCS MiACUICHHS BUCOKOYACTOTHUX 3aBal.

Buninenns nepenajiB rpaHulp (He3aJaeKHO Bia iX opieHTAIlli B IUIOIIMHI)
BiJI0YBa€ThCS 3a JIONOMOTOI0 orepatopis Jlamaca:

0 -1 0 -1 -1 -1 1 2 1
G,=|-1 4 -1|,G,,=|-1 8 -1|,G,,=|-2 4 -2|.
0 -1 0 -1 -1 -1 1 2 1

YacTo 10 BUKOHAHHS oOIepallii IOpOoroBoro po3pi3HEHHs CIiJ MIAKPECIUTH
nepenaay 3a JOMOMOI'Ol PI3HUX METOMIB KOHTpacTyBaHHA. L{10 3agady 3BUYaiiHO
PO3B’SI3yI0Th TU(EPEHIIIOBaHHSAM, TOOTO KYpCOBUMH TIPaJIEHTHUMH MacKaMu
(pinpTpamu). Ii inbTpu MIAKPECHIOTh TEpenaau, MNEPHEeHIUKYISPHI 10
HANPSIMKIB, OPIEHTOBAHUX BITHOCHO CTOpIH CBIiTy (miBHIY - N, miBaeHs - Z, cxif -
O, zaxig - W, miBHiunuit 3axix - NW 1 1.1.). V BkazaHoMy HampsiMKy BIATYK
$1uIbTpa Ma€e HalOIbILIE 3HAYECHHS.

IMnynbCHI XapakTepUCTUKU HUX (LIBTPIB MAIOTh HACTYITHUUN BUTJISIA:

1 1 1 1 1 1 -1 1 1
Gy=|1 -2 1| G,=|-1 -2 1| G,=|-1 -2 1
-1 -1 -1 -1 -1 1 -1 1 1
1 -1 -1 11 1 11 1
G, =1 -2 1| G,=[1 -2 -1| Gy, =1 -2 -1
11 1 11 -1 1 -1 -1

-1 -11 -1 -1 1

G=[-1 2 1| G,=|1 -2 1

1 11 1 1 1

3ayBakuMo, 10 TPaJi€eHTH MAaCKU MalOTh HYJIbOBI CyMapHi Baru, TOMy B
o0macTax 300pakeHHs 13 CTaJIO0 ACKPaBICTIO BOHU JAI0Th HYJIbOBUHN BIATYK.

JUist miAKpeciieHHsl JIiHIM TEeBHOro HamnpsMKYy BHUKOPUCTOBYIOTh Barosi
(b yHKITIT HACTYITHOTO BUY:
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1

Glz%G 2

1

- BUJAUICHHS TOPU3OHTAJIIbHUX Ta BEPTUKAIbHUX JIHIMH,

2

Gzz%(3 1

2

- BUAUIEHHS JlarOHAJILHUX JI1HIHA.

R AP, N BADN
N RN RN R
]

Cepen MHOXWHHM BHCOKOYACTOTHUX (UIBTPIB, MO BUIUISAIOTH KOHTYPH
300pakeHb, CIi BUAUIATA Macku oriepatopa Poboepmca, Cobens ma [Ipesimma.

Jlani MeToaW BU3HAYCHHS TPAHUIP BUKOPUCTOBYIOTh HAOIMKCHHS IO
noxigHoi. Ile mo3Bonsie BU3HA4aTH Kpail TaMm, 1€ TpajieHT HaiBummii. Jlani
METOAM BH3HAYAIOTh KIIBKICTh TPAMIEHTIB Ha 300pakeHHI, TaKUM YHHOM
BUJIUISAIOTH 00JacTl 3 BHCOKOIO MPOCTOPOBOK) YACTOTOIO, IO BiAMOBIIAIOTH
TPAHUILISIM.

Onepamop Pobepmca

-1 0 0 -1
G, = G, =

o1 el ol

Onepamop Cobens

-1 -2 -1 -1 0 -1
G,=/0 0 0| G=-20 2
1 2 1 -1 0 1

Omneparop IIpesiTTa

-1 -1 -1 101
G,=/0 0 0| G,=/-101
1 1 1 101

Busnavenns rpanuib metosiom Pobeprca Mae BUCOKY MIBHAKICTH OOpOOKH
300paxKeHHs, MPOTe PE3yJbTYIOUe 300paKe€HHS € OUIbII 3allyMJICHUM, HIXK MpHU
BuKopuctanHi merony Cobens abo [IpeiTTa.

Menianni ¢inbTpu. Taki nokanbHO-anepTypHi QUIBTPU € HENIHIMHUMH. X
3aCTOCOBYIOTh MJisi "3rJaKyBaHHA" 300pakeHb, a TaKOX JUIsl BUSBJICHHS Ta
BUJIJICHHSI €JIEMEHTIB 300paKCHHSI.
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3a3Buuail Wi MeiaHHOTO (GiUIBTPY BUKOPUCTOBYIOTH JBOBHUMIPHE BIKHO 3
IEHTPAJIbHOI0 CUMETPI€I0 (Hall yacTilie y BUTJISIAL KBaJipaTy abo XpecTonoaioHe).
Binniku 300pakeHHs, 110 3HAXOAATHCS B MEXaX JJAHOTO BiKHA YTBOPIOIOTH POO0OTyY
BUOIPKH TOTOYHOT'O KPOKY.

Biaryk menianHoro ¢iuibTpa JOpPIBHIOE MeEIiaH1 JaHUX, K1 3HAXOIATHCS B
aneptypi. MeniaHOIO Ha3WBAIOTh IICHTPAJIBHUN CIIEMCHT psIKa, OJIEPKAHOTO
COPTYBaHHSM (BIOPSIKYBAHHSIM) 3a 3aKOHOM 3POCTaHHS JaHUX, 10 3HAXOIATHCS B
Mexax aneptypu. OCKUIBKY IS oriepaliii 3HaXO/KCHHS MeIiaHu He BUKOHYEThCS
akcioma JHIHHOCTI, MeIiaHHUN (QIIBTP € HEMHIHHUM.

MenianHi GUIBTPU YaCTO 3aCTOCOBYIOTH ITEPATUBHO, MPUUOMY (LIBTPAILiIO
MOBTOPIOIOTH JI0 THUX Tip, OKK Ha BiAQUIBTpOBAaHOMY 300pakeHHI HE 3HUKHYTH
3MiHU BiJ iTeparii (¢piapTparii BCboro 0opa3y MmeaiaHHuM (GLIbTPOM) 10 ITepallii.

Y posninmpHOMY GUIBTPI OJHOBUMIPHUN MeEMiaHHUN (QUIBTP CHOYaTKy
3aCTOCOBYIOTh JUIsi (UIbTpalii KOXHOT'O psaKa, a IICHs IbOro - CTOBIILSA
300pa’KEeHHHI.

Medianni  ginempu marome wWuUpoKe 3acMOCY8aHHs 0N Qinbmpayii
306padicens 3 IMRYIbCHUMU 3A8A0AMU.

Bukonanns js1abopatopHoi po6oTu

Po6ota BukoHyeThCs y cepenoBuiii Matlab.
Kosken tun ¢inpTpalili BAKOHATH JJIs PI3HUX 2-3 300pakeHb.

1. BukoHaT HH3BKOYACTOTHY (UIBTpAIliI0 <«3allyMJIECHUX» 300paKEeHb 3
BUKOPHUCTAHHSM OIKMCAHUX MAcOK (PUIBTPIB 3a 1OMOMOTOr0 oreparopa imfilter.

B sxocti mochimxyBaHUX 300paykeHb OoOpaTH 3aBaHTaKEHE 300pa)KeHHS,
tectoBe 300pakennst Matlab (load (spine, detail, woman, detfingr i t.1.)) a6o
300paxkeHHs 3 Oi0miorekn Image Processing Tools (imread (‘cameraman, eight,
pout, circuit, trees i T.a.tif")).

JUist OTpUMaHHS «3allyMJIEHOTO» 300pa)K€HHSI BHUKOpPUCTATH (DYHKIIIIO
IMNOisSe, BUKOPUCTOBYIOUH ISl KOXKHOTO 300pa’KeHHS Pi3HI THUMH IIyMiB Ta iX
PIBHI.

2. BukoHaTH BHCOKOYAcCTOTHY (UIbTpaLil0 300pakeHb 3 BUKOPUCTAHHSIM
OIMCAHMX MACOK (ibTPIB 3a 10MOMOroro oreparopa imfilter.

3. BukoHaTH BHCOKOYACTOTHY (UIbTpaIit0 300pakeHh 3 BUKOPUCTAHHSIM
macok ¢insTpiB Cobens, Pobeprca, [lepsirTa 3a momomororo omneparopa edge.

4. BukoHatu (QUIBTpaIlil0 «3allyMJICEHUX» 300pa)keHb 3a JOMOMOTOI0
MeJIiaHHOT O (UIBTPY, BUKOpUCTOBYI0oUH omneparop medfilt2.
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5. IloBroputn ist ACKUIBKOX ITepamiii  (iibTpariio 300paKeHHA 3a
JIOTIOMOT' 00 ME/IIaHHOTO (DUIBTPY.

6. BukonaTtu n.4-5 niis pi3HUX THUIIB Ta PIBHIB ITyMiB.

/. 3poOUTH BUCHOBKH.

KoHTpoJibHI 3anIUTAHHA

1.  Auroput™m nokanbHOi GiUIbTparii 300pakeHb Ha MPHUKIAIL
BUKOPHUCTAHHS JIHIMHUX (PLIBTPIB.

2. 3actocyBanHs noBuMipHux ®HY ta ®BY nmnsa dinprpamii
300pakeHb. Macku QuIbTPIB.

3. 3acToCyBaHHA MENIIaHHOTO0 (QUIBTPY SK MPHKIAA HEIIHIMHOI
¢inbTparii 300paxxeHb.

4, Buninensns rpanuils 300paxeHs.

S. «3raaKyBaHHI» UIyMiB 300pakeHb.
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TecToBi 300paskenHst Ta curiajau B Matlab
300paKeHHS:

detail, woman, detfingr, tire, chess, wbarb, facets, geometry, sinsin, tartan,
mandel, julia, wifs, noiswom, noissi2d, mandril, belmontl, belmont2.

Curnanu:
\onkoch ®paxkranpHa kpuBa Koxa
Wocantor KanTopoBa npabuna
Sinfract ®dpak TaJI 3 CHHYCOTTHOI O0BITHOIO
Eleccum Cursan 3 nymom
Nearbrk | ------
Sumsin CyMa CHHYCIB
Noisdopp JlomnmiepiBcbka KpUBa CX0Xka Ha / )
sin( y )
X
Ndopprl JlonmuiepiBchbka KpuBa 3 ITyMOM
Noisbloc 3amymiIeHu i TpSIMOKYTHHNA IMITYJTbC
Whitnois binuit mym
Wstep CryniHyaTuii curHan
Brkintri TpukyTHUK
Noispol [MToniHoMianbHUN CUTHA
Whnoilop Jemonctp. CHuraai 3 IyMmom
Fregbrk YacToTHO- YaCOBUH PO3MOJILIT IBOX TAPMOHIK
Noissin Cunycoina 3 aIUTUBHAM [IIYMOM
Qdchirp Ocmt. Curnain
Sumlichr KomOiHaIist JiHIHHO-PO3TOPHYTHX CHHYCOI]T
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