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DJIeMeHThI TEOPUH

Lenu pabomoi:

1. OcBouTh MOJENMPOBAHME PA3IUYHBIX TUIIOB CHUTHAJIOB M  HX
XapaKTepUCTHK € MTOMOIIBI0 porpammHoro cpeactsa MATLAB.

2. IlpuoOpereHre MNPaKTUUYECKUX HABBIKOB MO  JUCKpETHU3AIMUd U
KBaHTOBAHUIO JETEPMUHUPOBAHHBIX U CITyYalHBIX MMOCIEI0BATEILHOCTEM.

3. IousaTh POO6IIEMBI, BO3HUKAIOIINE B 00JIaCTH TUCKPETH3AI[UN CUTHAJIOB,
CBS3aHHBIE C BBHIOOPOM YACTOTHl JUCKPETU3AIMU U  Pa3pAIHOCTHIO

CHCTEMbI aHAJIOTOBOTO-ITU(POBOTO MpeoOpa3oBaHHUE.

Curnan MOXeT ObITh:
e AHAJIOrOBBIi — UCXOAHBIA ¢usndeckuii curHan X(t), sABASIOIIHICS
HEIMpepbIBHON ()YHKUKEW BPEMEHH;
e JIUCKpETHBIM — NMPOU3BOJIbHAS MOCIEA0BATEIILHOCTh 3HAUYCHUM, KAXI0€ W3
KOTOPBIX B3SITO B JHUCKPETHBIC MOMCHTHI BpeMeHH (OoTcueThl) x(nl,) ¢

MOCTOSIHHBIM MHTEPBAJIOM JIUCKpETU3aluu At, mepuoaoM IucKpeTusauuu T,

. 1
¥ 9aCTOTOM JTUCKPETU3ALMH f; = pt
A

o I[ludpoBoit curHam — 3TO AUCKPETHBIM CHUTHAJI, K KOTOpOMY Oblia
NPMMEHEHA OIEepalys KBAHTOBAHUSA 1O YPOBHIO X(nT;), TO ecTh AMana3oH
OTCUETHBIX 3HAYCHHUH JAUCKPETHOTO CHUTHAJla pa3OMBaeTCs Ha KOHEYHOE
yucio yposHeit dO, dl, ... dk, 3aTeM mpouCXOoauT OKpyrieHUE 3HAYCHUS

KQ)KJIOTO OTCYETA 10 OJHOI0 U3 JIBYX OJIMKAWIINX K HEMY YPOBHEM.

JIeTEpMUHUPOBAHHBIM WJIA PETYJSPHBIM CUTHAJIOM HA3bIBAIOT TAaKHUE
CUTHAJIbI, 3HAY€HUs KOTOPBIX B JIIOOOW TOYKE HHTEpBaja BPEMEHU MOXKHO
ONPENENINTh WIM PACCUUTATh 3apaHee, UMes MaTeMaTHU4eCKyl0 Moneib. B cBoro
ouepelb JETEPMUHHUPOBAHHBIE CHTHAJIBI JIENIATCS HA NEPUOAUYECKHE U
Henepuoanyeckue curHainel. Kraccudukanus curHalioB Ha NEpUOAUYECKUE U

HEMEepUOJUYECKUE JIMIIL YyKa3biBaeT Ha ¢opmy cur”aiza (puc. 1), To ecTb



MOBTOPSICTCS] JIU OH Yepe3 HEKOTOPBIA MPOMEXKYTOK BPeMEHH (IIEPHOJ CHUTHAJIA)
VI HET:
s(t)=s(t+KkT),
rae k — moboe menoe uncno, T — mepuos MOBTOPEHUSL.
[TpuMep mNEPHOAMYECKOrO CHUTHAJIa — TapMOHHYECKOE KoJyieOaHue,
OITMCBHIBAEMOE CJICYIOLIUM BBIPAYKCHUEM:
s(t)=A-cos(2n-t-T+¢),
rae A — aMIUIMTYy1a KoJieOaHus, ¢ — HavaibHas ¢asa.
CiyJaifHBIM CHTHAJIOM WJIM CTOXaCTHYSCKHUM Ha3bIBacTCsS (YHKIUS BPEMEHH,
3HAYCHHUS KOTOPOH JIOCTOBEPHO HE U3BECTHBI, a JIMIIb MOTYT OBITh MPEACKA3aHBbI C

HGKOTOpOﬁ BCPOATHOCTBIO, KOTOpasd BCCTAad 6y,[[eT MCHBIIC CANHUIIBI.

I[PICerTHOG NnpeacraBjdcHue CUrHa/JioB
HpI/I AUCKPCTHU3AIUU TapMOHHUYCCKOI'0O CUI'HAaJ1a BBIIIOJIHACTCA IIPABHUIIO €TI0
AICKBATHOIO AUCKPCTHOTO IMPCACTABJICHHA: YaCTOTa CHUIHala HC JOJDKHa

fa

MIPEBBINMIATh TIOJIOBUHBI YacCTOTHl JHUCKPETH3AIuu f, < . B stom cnywae f,

Ha3bIBalOT YacToToW HaiikBucra. JIUCKpEeTHBIN CHTHAI TIpeACTaBiseT CcoOOM
MOCJICI0OBATEILHOCTh YHCEN, MO3TOMY IpH mpencrasicHun ero B IIIT Matlab
3a4acTyl0 HCIIOJIb3yeTCsl BEKTOpHas (opma 3amucy, IpH 3TOM yJIOOHO 3a/JaBaTh
4acTOTy AMCKPETU3ALUM f; U MCIOJIL30BaTh €€ OOPAaTHYIO BEIMYMHY B Ka4eCTBE
iara Bp€MEHHOM MOCIEA0BATEIbHOCTH.

Illpumep 1. MonenupoBaHue NEPUOAUUECKOTO CUTHANIA B BUAE CUHYCOUJIBI,

3aTyxaI01ueﬁ CHUHYCOMABbI 1 CHHYCOUABI C aAAUTUBHBIM IITYMOM.

>> fd = 10e+3; % uacToTa QUCKPETH3ALHH Pe3ynprar MOJICITUPOBAHUS
>>t = 0:1/fd:2; % 3amanue BpeMEHHOTO psijia
>> A =0.8; % aMIuIMTya CUTHajIa

>>Ww = 100;% 4JacToTa cur1aia

>> 51 = A*sin(2*pi*w*t);% curaai cuHyCOUIbI

>> 52 = exp(-10.*t).*s1;% curuan 3atyxaroiei




CUHYCOHNIBI

>> s3 = sl + 0.1*randn(1,length(t))
CUHYCOUIBI C AAAUTUBHBIM IIIYMOM
>> subplot(3,1,1)

>> plot(t,s1)

>> subplot(3,1,2)

>> plot(t,s2)

>> subplot(3,1,3)

>> plot(t,s3)

;% curHai

Takxxe B Marnab umeercsa O

cursaioB B Teopuu U npaktuku [{OC.

noNMMoTeKa (PYHKIUNA TeHEpaluu THUIIOBBIX

Onucanue pyHKumnu IIpumep B Mati120
EQvHUYHBIN UMITYJIBC >>x =-1:0.1:1;
0, n # 0, >>y = dirac(x);
s(n) = { > y (x)
1, n=20. .
>> idx =y == Inf;
>> y(idx) = 1;
>> stem(X,y)
EnnHu4YHbBIN CKavyoK >> syms X
(1, n =0, >> fplot(heaviside(x))
u(n) = {0, n < 0.
[IpsAMOYTOJIbHBIA UMITYJIBC >> 1=0:0.1:50;
1 <1/2 = :
r(n) = {o' Z = 1; 2 >>y = square(t);
’ - >> plot(t,y)
IIpsimoyrosbHas >>Fd = 1; %u4acTora TUCKpETU3aLNU
M0CJICIOBATEIbHOCTh >>t = 0:1/Fd:100; % Bpemsi peanu3amnuu
a,—7/2<n<7/2, |wuMmnyisca
r(nT) =4,.7 :
O'E <n<T-t/2. >>pulsewidth = 8; % mMTEIBHOCTH




I'ne a - amrumatyga, t  — | umiyibca

JUIATEIBHOCT, 1  —  mepuox | >>pulseperiods = [0:100]*16; % mnepuon
umnynbca. Q = T/ T — CKBaXXHOCTS, | CI€IOBAHUS UMYJIbCOB

q=t/T — xoahpunuent | >>Signal =
3aI10JIHEHHS pulstrain(t,pulseperiods,@rectpuls,pulsewidt
h);

>>plot(t,Signal)

>> fs = 10e3;
- >>t=-0.1:1/s:0.1;

>>w = 40e-3;
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>>x = tripuls(t,w);

>> plot(t,x)

u¢gposoe npeacraBjieHne CUrHaJI0B

[Ipu mnepexone OT JHUCKPETHOIO CHUTHajla K LHUPPOBOMY HEOOXOAMMO
MIPOBECTH OIEpaIMi0 KBAHTOBAHUS CUTHANIA MO ypoBHIO. KBaHTOBaHue ObIBaeT
JIBYX THUIIOB C yceueHueM (ITyTeM pUCBauBaHUs OJMMKANIIero HUKHETO YPOBHS) U
C OKpyrjieHueM (IyTeM TMpucBauBaHus OJwkaiiiiero ypoHs). KBaHToBanue
JMCKPETHOTO CHTHala (mpeoOpazoBaHue ero B HHMGPOBOM) AaET BO3MOXKHOCTH
MPEACTABIICHUS]  OTCYETOB  HA  KOHEYHOPA3PSIHONM  CETKE  BJIECKTPOHHO-
BBIUHUCJIIUTEILHOW MAallMHbI, a 3aTe€C MNPUCBAMBATHL €MY JIBOMYHBIM KOJ. ITO
oOecrieunBaeTcs Onarogaps TOMY, YTO 3HAYEHHUS KBAHTOBAHHOTO CHUTHAja MOTYT
COOTBETCTBOBATh OJIHOMY W3 pa3peHIEHHBIX YPOBHEW 3HAYCHWH, HA3BIBAEMBIX
ypoBHsIMM  KBaHToBaHus. [loMck  KonudecTBa  ypOBHEW  KBAaHTOBaHUA,

HEOOXOMMMBIX JUIsI TIPEICTABJICHUS] CUTHAJIA B IU(PPOBOM BHJIE OMPEILISCTCS 10
bopmyie

N, = % — 1, roe h = max (xa (nT)) — min(x,(nT)), A - War KBAHTOBAHMS.




KonuuecTtBO  OBOMUHBIX  pa3psAnoB, TpeOyeMbIX JJii  YHHUKAJIBHOTO

npencraiaeHus N, pasauIHbIX YUCE

h
B = log,N,; = log, (Z — 1).
KBanToBaHue ¢ yceueHnEeM BBIYUCISIETCS 110 (hopmyJie

Xi SX < Xjy1 = Xg =X

Pucynok 1 — KBaHTOBaHME IPU yCEUCHUUN

KBaHTOBaHME C OKPYTIEHUEM BBIUUCIISIETCS IO hopMyJie
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Pucynok 2 — KBaHTOBaHME IPU OKPYTJIEHUU
KonnyecTBo ypoBHEN KBaHTOBAHUSA OIPAaHUYCHO Pa3psiAHOCTHIO aHAJIOTOBO-

uupposoro mnpeodpazoBarenss (ALII). Hanpumep, aBowunbsiii 4-paspsianbii (4-



outoBbiii) AIIIl cnocobeH BBIIATH

16 nauckpernbix 3HaueHud (0...15),

COOTBETCTBEHHO pa3Max MJHCKPETHOTO CHUTHajda MOXET ObITh ouudpoBaH

MeCTHAAIATBIO YPOBHAMU. Ecau 3HaueHms KBAHTYCMOI'O CHI'HAJIa BBIXOIAT 3a

YCTAaHOBJICHHBIC ITPCACIIbI — IIPOUCXOJUT €T0 OI'PaHUYCHUC.

HpI/IMCp 2. PaCCMOTpI/IM AUCKPCTHU3AIIUIO 1 KBAHTOBAHHUC CUTHAJIA CHHYCOUIBI C

amruutTynoi A=2, vactoroir W = 1 'y m juurensHOCTRIO th = 2 cex B Matlab, mpu

stom f; = 20, A=0.5.

>>t =[0:0.05:2]; % 3amaeM BpeMeHHOMH
pSIT 3HAYEHUH ISl CUTHAJIA CHHYCOM/IBI

>> A =2;
>>w =1,

>> sig = A*sin(2*pi*w*t); %
I€HEPUPYEM CUHYCOUIAIBHYIO
ITOCJIEN0BATEIBHOCTD C aMIUIATYIOM 2

% IlocTpoeHue qUCKPETHOW CUHYCOU/IbI

>> fd = 10;% 3amaeM yacToTy
JTACKPETU3AIINT

>> td = 1/fd; % mepuoa auCKpeTU3anun

>> T = 0:td:2; % mMaccHB OTCUETOB
JUCKPETHOI'O BPEMEHHU

>> sig2 = A*sin(2*pi*w*T); %
AUCKPCTHAs IOCICAOBATCIIbHOCTD

% IlocTpoenue nudppoBoro curHa€a

>>d = 0.5; %mar kBaHTOBaHUS

>> N = [-A:d:(A-d)]; % ypoBeHb

KBAaHTOBaHUA

>> |vl = [-A:d:A]; % pa3max
KBaHTOBaHUS

>> [index,quants] =
quantiz(sig,N,Ivl);% monenupoBanue

PesynbraT MogenupoBanus




KBAHTOBAHHOI'O CHUT'HAJIa

% IlocTpoeHne CUTHAIIOB
stem(T,sig2,'c','linew',1);

LineStyle ="";

hold on
plot(t,sig,'r',t,quants,'b’,'LineWidth', 1.5)

grid on

3ajanune Ha 1a00paTOPHYIO padoTy

1. Ilpomogenupyiite ¥  BbIBEAUTE  TIpaduK  JACTEPMUHHUPOBAHHOTO
nepuoauveckoro curnaia S(t) = Al*cos(w*t), a Taxke MOCTpOHTE €ro
JTUCKPETHYIO U U (PpOoBYIO (OPMY B COOTBETCTBUM C BAPUAHTOM 3a/IaHUSI.

2. Ilocumwraiite oOmMUOKY KBAaHTOBAaHUS JIETEPMUHUPOBAHHOTO CHUTHANA,
npejcTaBbTe e¢ B Buje rpaduka ¢pynkmuuu e(t).

3. Uccnenyiite, 9T0 MPOUCXOAUT C TUCKPETHBIM CUTHAIIOM, €CIIH:
fi<w,fr=w,f;>2x+w. lloctpoiiTe a1  Ka)XHAOro BapHaHTa
JIETEPMUHUPOBAHHBIA U AUCKPETHBIN curHay. COOTBETCTBYIOIIUI BBIBOJI
yKa)XXuTe B padore.

4. WUccnenyiite, 4TO NPOUCXOIUT C UU(PPOBBIM CHUTHAJIOM, €CIW IIar
KBaHTOBaHUS WM3MEHsETCS cienyronmuM obpazom A = NBap + 0,05,
A = NBap %+ 0,025. ITocTporite TSt KaK10T0 BapuaHTa
JETEPMUHUPOBAHHBIA U 1UPpoBoi curHain. COOTBETCTBYIOIINIT BBIBOJ
yKa)XxuTe B padore.

5. Ilpomonenupyiite  u  BbIBeAUTe  IpaduK  JACTEPMUHHUPOBAHHOTO
nepuoaudeckoro curnaia S(t) = Al*cos(w*t) ¢ mymMoBOW aJIMTHBHOM
cocrapisonien ¢ ammmtyaod A2=0,1, a Takxke TOCTPOUTE €ro
JTUCKPETHYIO ¥ IU(PPOBYIO (HOPMY B COOTBETCTBUU C BAPUAHTOM 3aJaHMUSI.

HccnenyiiTe kaueCTBEHHO OTJIMYUS pe3ysbTaThl 1 u 4 3a1aHusl.




6. 3anmaiiTe MpPAMOYTrOJbHBIM UMIYJIbC B BHAE 8 oTcueToB paBHbiX 0, 8
orcueroB paBHbIX 1. To ectp mnmmuHa mmnynsca — 16 Touek. Iloctpoiite

Fpa(I)I/IK HOJIYIII/IBIHGIZCH IMOCJIICAOBATCIILHOCTH.

BapuanTtsl 3axaHuii

N Bap Al t w [ A
1 0,08 2 2 8 0,5
2 0,63 1 2 12 0,5
3 0,21 3 1 5 0,5
4 0,04 2 9 10 0,5
5 0,65 3 1 8 0,5
6 1,00 3 4 9 0,5
7 0,25 1 1 17 0,5
8 0,45 3 5 10 0,5
9 0,62 3 1 19 0,5
10 0,07 4 8 4 0,5
11 0,38 1 5 11 0,5
12 0,79 4 2 23 0,5
13 0,45 1 4 12 0,5
14 0,87 4 6 20 0,5
15 0,74 5 5 15 0,5
16 1,00 1 4 8 0,5
17 0,10 5 2 12 0,5
18 0,61 5 8 10 0,5
19 0,82 2 5 14 0,5
20 0,62 6 5 18 0,5
21 0,54 2 4 21 0,5
22 0,83 1 8 23 0,5
23 0,57 6 9 5 0,5




24 0,68 6 8 15 0,5

25 0,31 1 2 3 0,5

KoHTpoJibHBIE BOIPOCHI

1. Yto Takoe mepuoa M 4acToTa JUCKPETU3AIMU U KaK OHU CBSI3aHBI JIPYT C
JIpyrom?

2. JlaiiTe ompeneneHne TUCKPETHOTO U MU(PPOBOTO CUTHAJIOB.

3. Kaxk wacroTa nuckperrsariiy BIMsSET Ha aJeKBaTHOCTh PE0OPa30BAHHOTO
curtana? Kak BeiOMpaercs yacToTa JUCKpETU3AIIU?

4. Kak mar KBaHTOBaHHUS BJIMSET Ha MPeoOpa3oBaHUE THUCKPETHOTO CUTHAJIA
B I (PpoBOiL?

5. Paspsnnocth u guckpermsanus ALl UYto 310 3a mapaMeTphl B MoYeMy

oHU BaxkHbI ipu [[OC?




OCHOBBI TEOPUU [IU®POBOI OBPABOTKN CUTHAJIOB

JlabopaTtopHas pabota Ne 2

«/Iuckpernoe npeodbpazoBanue Oypbe U €ro CBOMCTBA»
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DJIeMeHThI TEOPUH

Lenu pabomoi:

1. U3yunth pauckpetHoe mnpeoOpasoBaHue PDypbe MU €ro CBOHCTBA Ha
IpUMEPAX MPOCTEUIIUX TETEPMUHUPOBAHHBIX CUTHAJIOB.

2. Ilonarp mpoOneMbl, BO3HUKAIOIIME B  O0JACTH  CHEKTPAIbHOTO
OLICHMBAHUS, CBSI3aHHBIC C AHAIM30M JTUCKPEIUTUPOBAHHBIX BBHIOOPOK
OTPAaHUYEHHOW JIJTUHBI.

3. OmnpenenuTh KaKUM 00pa3oM BbIOMpaeTcs JIMHA UCCIIElyeMOro CUTHAJa U

qacToTa AUCKPCTU3AlINU.

3HauuTeNbHAs YACTh aHAIN3a BPEMEHHBIX PSIOB CBsA3aHa C MpeoOpa3oBaHUEM
®yppe WIH Pa3IOKEHHEM CUTHANAa, TO €CTb BPEMEHHOM (YHKUHUU B Psa IO
0a3ucHbIM (pyHKUUAM. Takoe pas3noKeHHEM I03BOJSIET CBECTH aHAIU3 CIOKHOTO
CUTHAJIa K aHaJIM3y ero 0oJiee MPOCThIX COCTaBIIAIOIIMX, HAMPUMEDP, YACTOTHBIX
xapaktepuctuk. B a3ToM ciyyae mpeoOpazoBanue Dypre wurpaer poib
HEOOXOJMMOro IMPOMEXKYTOYHOIO IIara B OINpPEAENICHUH IUIOTHOCTEH CIEeKTpa,
MOIITHOCTH, KPOCC-CIIEKTPAJIbHBIX IJIOTHOCTEH, mnepenatoynsix ¢GyHkuuii (I1D),
CBEPTOK M KOPPENSAIUOHHBIX GyHKUIMA. M B CBSI3W C TeM, 4YTO MAacCCHUBBI
00pabaThiBa€MbIX JIaHHBIX JJIi CIEKTPAJbHOTO aHaiM3a SBISIOTCS 3a4acTyIo
OOJBIIMMU W TPEOYIOT BPEMEHHM Jid MPeoOpa3oBaHUs, aKTyaJIbHOM 3amayeit

ABIIIETCS Takke dPPEeKTUBHOE BBIYUCICHUE MpeoOpa3oBanusi Oypre.

HNHuTerpanbHoe npeacraBjieHHe CUTHAJIOB
W3 u3BECTHBIX HMHTETrpajbHBIX MpeoOpa30BaHUl MNpU aHAIM3E CHUTHAJIOB

HanOoJIee YacTo UCTOJIb3yeTcs peodpazoBanue Dypoe:

(00)

S(w)=| s(t)e /®tdt

- 00

EMy cooTBeTCTBYIOT 0OpaTHOE IpeoOpa3oBaHUE:



y B e :
- jwt
s(t) o f_mS(a))e dw

HNurerpan @dyppe [aer ONMCAaHWE CHUTHAA B BHJAE CYNEPIO3HUIIUHU
TFAPMOHUYECKHAX COCTABIISIIOIIMX C HENPEPBIBHOM IOCIIEIOBATENBHOCTBIO YacTOT.
CHeKTpalbHBI aHAJIN3 CHUTHAJIOB KC HCIOJIB30BAHUEM TAaKOI'O IIPEICTABIICHHUS
Ha3piBaeTCsi TapMoHWYeckuM. Dyakrmms S(W) Ha3pBaeTcs  CIIEKTPAIBHOW
TUTOTHOCTBIO MK criekTpoM curHana S(t). MurerpansHoe npeodpaszoBanne dypwe

BO3MOXKHO /7151 QYHKITUI, OMUCHIBAIOIINX CUTHAJIBI C KOHEYHON YHEPTHEH.

IIpeacraBiieHue CUTHAJIOB OPTOTOHAJILHBIMY PSAIAMH
®dynkius, onuceiBatomas curian S(t), Moxer ObITH MpEICTaBICHA B BHUJC

B3BECIIICHHOM CyMMBI 0oJiee MPOCThIX (0a3ucHBIX) GyHkuid ¢(t):

0

SO= ) npal®

n=-—oo
rae C, — ko3 puIuenTs pa3noxkenus. Takoe mpeAcTaBIeHUE CUTHATIOB 03HAYAET,
YTO OH paccMaTpUBaeTCd KaK COBOKYIHOCTh KojJeOaHWM, B3SATBIX C
COOTBETCTBYIONIUMH Kod(duirentamu. Pasnoxenue curaana S(t) B Takom Buje
10 OPTOrOHAJIBHOM cucteMe (YHKLUMIA Ha3bIBaeTCsi 0000LIEHHBIM panoM Dyphe.
CoBOKYyITHOCTh KOX(h(UIIMEHTOB Pa3NIOKEHHS] HA3bIBA€TCA CIEKTPOM CHUTHaIA B
BBIOpaHHOW cucteMe O0a3ucHbIX (YHKIUN Wik 000OIIEHHBIM CIEeKTpoM. B
MPAaKTUKE aHAJIM3a MEePUOINIECKUX (PYHKIMNA HauOOJbIIee MPUMEHEHHUE MOTYIHIT
TpuroHoMerpuueckud psan dypbe, B KOTOPOM B KadyecTBe Oa3uca BbIOpaHBI

TPUTOHOMETPUUECKHE (PYHKIIUU:
x(t)=a, + Z a, cos(kaor) + Z:bA sin(kat)
k=1 k=1

KoaddurmenTst paznoxxenus B pag Oypbe onpeestoTcs BHIPAKCHUSIMU:



3 T/2
a, = = ‘[.\'(t)dt

-T2

2
a, =— I\ t)cos(kat )dt
r -T
o
b, =— J\ sin(ker )dt
r -T/2
I'ne T=2m/w; — mnepuon curHama. TpuroHomerpuyeckuii psng Dypbe maet

Pa3JI0KCHHUC CUTI'HAJad II0 TAapMOHHUYCCKUM COCTABJIAIOIIUM, ITO3BOJISCT IIPOBOAUTD
aHaJW3 CHTHAJIa B YaCTOTHOM 00JIacTH. AHAJW3 C €ro HCIIOJB30BaHHUCM, KaK H C
HCIIOJIb30BAHHUECM HHTCI'PAJILHOI'O Hp€O6pa3OBaHI/IH CDpre, Ha3bIBACTCs

TapMOHHUYCCKHUM.

JInckperHoe npeodpa3zoBanue @ypbe

Huckpernoe mnpeoOpazoBanne Dypbe wiaM MpeoOpa3oBaHHE HA KOHEYHOM
WHTEpPBAJIC JUCKPETHBIX 3HAYEHUU BPEMEHU BBIYUCISAETCS, KaK MPaBUIIO, MPHU
nomoiu ObicTporo mpeodpazoBanus Pypwe. OnpenencHue npeodpa3oBaHus s
KoMIIekcHoro curHana X;=X(tj), 3agaHHOrO Ui AUCKPETHBIX PABHOCTOSIIUX
OTCUYETOB BpeMeHU {y, 1y,...,In.1 ©UMeEET BUA:

N—-1
X(k) = Z a‘(nT) ; e(—'27rj--n,k/N)

n=>0
rae k=0,1,...,N-1.
JlanHOoe mipeoOpa3zoBaHre OOpaTUMO U  TO3BOJIAET 1O H3BECTHOMY

AUCKPCTHOMY CIICKTPY OAHO3HAYHO BOCCTAHOBUTL CaM I[I/ICerTHHﬁ CHUI'HAJI.

N-1
a:(nT) Z X(k Zﬂj-nk/'N)

n=0



BoinosiHeHue padoThl

1. OueHure CKOpPOCTh pacyeTa CHEKTpa C [OMOIIbK JUCKPETHOIO
npeooOpaszoBanus Dypee ([AIID) B Matlab, ¢ynxmusa fft. Jns storo
CTEHEpUPYWUTE MOCIEI0BATEIbHOCTh YHCENI B BHUAE CHHYCOMJAIBHOU
3aKOHOMepHOCTH. [lyCTh pa3sMepHOCTh MOJYyYEHHOro MaccuBa OyAeT He
6onee 10000 3HaueHuit. 3aTeM MNpoaHATU3UPYHTE BHIOOPKY HAuMHAS C
Manbix 3HaueHuid N = 32, 64,...1024, Bpems ucnonnenus: ckpunra 11O
3aMepbTe C IOMOIIBI0 KOHCTpyKiuu tic-toc. Iloctpoiite crekTp
MOIIHOCTH JJI 33JaHHOTO CUTHAJA.

2. 3anmaiiTe MPSAMOYTOJBHBIA UMIYJIbC B BHAE 8 oTcueTtoB paBHBIX 0, 8
orcueToB paBHbl 1. To ecth qmHa ummyiasca — 16 Todyek. Paccuuraiite
CIEKTpP, 3aTE€M JOIOJHHUTE MACCUB JI0 JUIMH, SIBJISIOLIMXCS CTENEHBIO 2.
BoimonauTe pacuer s HECKOJBKUX BBIOOPOK, 3alMIIATE BpEMs,
cnenaite BbIBOJ 0 3aBucuMoctH t(N).

3. Uccnmenyiite, d9T0 MPOUCXOAUT CO CHEKTPOM CHUTHala, €CJIM Imar
JUCKPETU3AINK He YI0BIeTBOpsieT TeopeMe KorenpHuKOBa.

4. VccnenyiiTe KaYeCTBEHHO OTJIMYHUS CIIEKTPAa CUHYCOMIAIBHOTO CUTHAJIA C
YaCTOTOM SIBJISIFOIIEICS CTENEHBIO 2 U HE SIBJIIOLIMMCS TAKOBOM.

5. CreHepupyiTe NIBYX YaCTOTHBIM CUTHAJI CO CJIEAYIONIMMHU IMapaMeTpamMu
wl = 20 Hz, w2 = 20.08 Hz, fd = 1kHz, 3amymute ero ¢ MOMOIIBIO
¢yuknun  rand. OrneHuTe HW3MCHEHHS CIEKTpa B 3aBUCHMOCTH OT
BApbUPOBAHUSI TApaMETPOB aAMIUIUTYIbl Y KaXKJIOW COCTaBIISIONIEH

CUIrHaJia 1 4aCTOThI AUCKPCTU3AIUH.



KoHTpobHBIE BONIPOCHI

1.

Yro Takoe uHTErpasibHoE npeodpazoBanue Oypoe u ero cBs3b ¢ JI1D?

. Uto Takoe MMpCacJIbHOC pa3pCUICHUC CIICKTPAJIbHOT'O aHaau3a?

2
3.
4

Ha uTo Biusier noOaBieHue HyJIEeH K CUTHATY?

B d4em npuHIMOMAIbHOE OTIMYME CIHEKTpa PEATbHOIO JUCKPETHOIO
curtana Ha Bxojae ALl oT crekTpa peanbHOro JTMCKPETHOIO CUTHaNIA Ha
BeIxoae LAII?

UTto Takoe MOAYJIb CIEKTpa U (ha30BbIN CIEKTP?






JlabopaTtopHas pabora Ne 3

«/IByMepHOe nuckpeTHoe ipeodpazoBanue Oypner
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DJIeMeHThI TEOPUH

Lenv pabomur:

1. MByuuTh DUCKpPETHOE NBYMEpHOE MpeodOpazoBanne Dyphe Ha MpUMEpax
CHEKTPAJILHOTO aHaJIN3a N300paKECHU.

2. Uzyunth pynkuuu B Matlab m1st criektpanbpHOro ananmsa u300pakeHUI.

3. V3yunth OCHOBBI MPOCTPAHCTBEHHOH W  YacTOTHOW  00paboTKH

U300paKeHHIA.

[Mudposas oOpaboTka MpUMEHSETCS HE TOJBKO JJIS aHAM3a OJHOMEPHBIX
MAaCCHBOB JaHHBIX. AJTOPUTM mpeoOpazoBaHuss Dypbe MOKET OBITh MPUMEHEH
JUIs 00pabOTKM N-MEPHOTO MacCHBa JAHHBIX C MOMOIIBIO MOCIEIOBATEIBHOTO
BBIYMCIIEHUS TTpeoOpa3zoBanusa Pypre, CBOIALIEIOCS K TPeoOpa3oBaHUIO MEHbIIEH
pa3sMepHOCTH  (OJHOMEPHOM) TO0 KaXJOW IMOCIENOBATEIbHOCTH  JIAHHBIX
MHOTOMEPHOTO MaccuBa. TO €cCTh /JIi MaccuBa Pa3MEpPHOCTBIO NXM Oyner
peanu3oBaHo-N mpeoOpazoBanuii Dypre MO CTpokaM, a MOTOM MOJYyYECHHBIH
pe3ynbTaT OyAeT mpeodpa3oBaH Mo M CTOIOIAM.

Haunbomee pacmpocTpaHeHHBIM TIPUMEPOM N-MEPHOTO TpeoOpa3oBaHUs
®dypre sBHsieTCa 00paboTKa M300paKEHUW M COOTBETCTBYIOIIEE €l JIByMEpHOE
npeoOpazoBanus Oypbe K npoctpanctBeHHoe Dypbe nmpeodpazoBanue: Dypbe-
CIEKTP TPOCTPAHCTBEHHBIX YAaCTOT HW300PKCHHS SIBISCTCS €r0 YacTOTHBIM
MPEACTABICHUEM B OPTOHOPMAJILHOM 0a3uce, COCTOSIIEM W3 KOMIUIEKCHBIX
skcroHeHT. IIpencraBieHne wW300pakeHUST B TaKOM IPOCTPAHCTBE  J1acT
BO3MOXKHOCTh HAONIOAATh €ro CTPYKTYpHBIE OCOOCHHOCTH, CBSI3aHHBIC C
MEePUOIMYHOCTHIO TOBTOPEHUS PJIEMEHTOB, HATMYUEM MEJIKUX JIeTaliel, KaueCTBOM
n300pakeHus u ap. [IpocTpaHCTBEHHBIE YaCTOTHI UMEIOT Pa3MEPHOCTh, OOPATHYIO
CAVHHUIIAM H3MEPEHUsl PACCTOSHMI Ha U300pakeHuu. Torma, mpencTaBICHHUE
n300pakeHnsT B 0a3nuce KOMIUIEKCHBIX JKCIIOHEHIMAIBHBIX (PYHKIIUN 3a7aeTCs

napoii npeoOpazoBanuii Pypee:

F(wy, wy) = fffooo a(x,y)e 2@ Xt oy*y) dxdy (1)



a(x,y) = [, F (@, @)™ @0y dxdy @

rae (1) mpsamoe mpeoOpazoBanne Dypobe, (2) obpaTtHOe mpeobdpazoBaHuUE, X,y —
KOOPIMHATHI B INIOCKOCTH M300PaKEHHS, Wy, Wy, — IIPOCTPAHCTBEHHBIE YaCTOTEL.

Kak u B ogHOMEpHOM cCily4ae, MOHSATHE O OECKOHEYHO HEMPEpBHIBHBIX CHTHAIAX
MOKET OBITh PAacCHpPOCTPAHEHO M U1 CIy4aeB CHUTHAJOB C OrpaHUYEHHOU
OPOTSUKEHHOCTBIO, Kak, Hampumep, wuzoOpaxkeHue. Jljig 3TOro paccMoTpum
nzobpaxenne mupuHo N u BeicoToii M. IIpeoOpazoBanne Dypbe TaKoro

I/I306pa)K€HH}I HNMCCT BHU.

M/2 (N/2 _ « x
Fwr, wy) = [0, [y, a0, y)e ZHextoydxdy . 3

[TpeoOpazoBanne dypbe OrpaHUYCHHOTO B MpOocTpaHcTBe curHaia (a(x,y)=0
npu |x|>N/2 u [y|>M/2), ecau ero NpecTaBUTh MEPUOUYECKH PA3MHOKEHHBIM 110
BCEH IUJIOCKOCTH, SIBJISICTCS JAUCKPETHBIM, T.€. COJEPXKHUT JIUIIb CUETHOE
KOIIMYECTBO TapMOHMK Ha 4actotax [w, /N,w, /N], —o0 < w,,w, < oo.
CrexTp HEOrpaHWYEHHOTO B MPOCTPAHCTBE TUCKPETHOTO M300paKEHUS SIBISACTCS
nepuoauyeckor (Gyukuue. Ecnu paccTosHHMs MeXay TOYKaMH, B KOTOPBIX
3aaHbl oTcueThl n3o00paxkenus 1o ocsiM OX u OY paBHBI COOTBETCTBEHHO AX U
Ay , To mepuonsl npeodpaszoBanus Dypre paBHbl 1/AX u /1/Ay . Eciau Havamo
OoTcueTa TOMECTUTh B  LEHTPAIbHOW TOYKE MATPHUIBI  MEPUOJIUYECKH
noBTopstomierocs ¢pypbe-odpaza, To MaKCUMaJIbHbIE MMPOCTPAHCTBEHHBIE YaCTOTHI
OynyT paBHbI £ 1/2 Ax u £ 1/2Ay.

MakcuMainbHasi 4acToTa, KOTOpasi MOXET OBbITh MOJydeHa MNpH 3aJaHHOM
miare JUCKPETHU3alMUd CUTHAJIA, Ha3bIBaeTCs yactoTor HaikBucrta. B momyyeHHOM
nepuoguyeckoM mpeoOpazoBanuu  Dypre ayOmupyrommecs:  CrIeKTpabHbBIE
COCTaBJISIONIME MOXHO OTOPOCHTH M CUYMTATh, YTO JUCKPETHBIM CUTHAT HMEET
OTPaHUYCHHBIA TI0 YaCcTOTe CHEKTp. TakuMmM o0pa3oM, TPOCYMMHUPOBAB
MIPUBEJICHHBIC PACCYKJICHUS, MOXKHO CJIeJIaTh BBIBOM, 4TO IIpeoOpazoBanue dypre

OIrpaHUYCHHOIO B IIPOCTPAHCTBE IHUCKPECTHOTO I/I306pa)KCHI/I$I SABJIICTCA TaKXKE



JUCKPETHBIM M OIPAHMYEHHBIM IO 4acToTe. MaKkcuMasbHbIE NMPOCTPAHCTBEHHBIE
YacTOTHI OTMPEACINIAIOTCS IarOM AUCKPETU3ALUN N300paKEeHHUS.

OrpaHMYEeHHOCTh CIIEKTpa JUCKPETHOTO H300pa)K€HUsl MO YacTOTE MOXHO
IPOJEMOHCTPUPOBATH, PACCMOTPEB MPOCTOM mpumep. Camblil MAIEHBKUN TIEPHO
HNOBTOPEHMSI HAa H300paKEHUM MBI MOYKEM IOJyYUTh, €CIU OYyJEM 4epenoBaTh
Oenple W 4YepHBIC TOYKHM, Hampumep, BAoiab ocu OX. DToT mepuon OyAeT paBeH
2AX, a COOTBETCTBYIOIIAsI MPOCTPAHCTBEHHAs yacToTa paBHa 1/2AX. JluckpetrHoe
npeobpazoBanue Pypoe (JAIID) uzodpaxkenus, 3amannoro B toukax f(k, 1),k =

0..M—-1,l=0,...,N — 1 onpenensercs o ¢popmyJe:

km In

— — — 12T (—+—
Fm,n — Z%:Ol Z{V=01 fk,le L TC(M N (4)

OcHOBBI mpocTeiiliedl MPOCTPAHCTBEHHOM M  4YacTOTHOW 00padoOTKH
n3oopaxenuii B I[1T1 Matlab
CeronHsi TpyIHO TPEICTaBUTH 00JACTh JIEATENBHOCTH, B KOTOPOM MOKHO

000ONTUCH 0€3 KOMITBIOTEPHOU 00paboTKM u300pakeHuil. MHTEpHET, COTOBBIN
TenedoH, Buigeokamepa, ¢poroanmapar, CKaHep, IPUHTEP, TaK MPOYHO BOIIEAIINE B
Hall OBIT, — HEMBICIUMBI 0€3 KOMIBIOTEpHON 00paboTku u3obpaxeHuit. [Ipu
KOMITBIOTEPHON 00pabOTKE M300paKEHMI peraeTcs IUPOKUM KPYyr 3a/ad, TaKux
KaK

® VYIYYIIIEHHE Ka4eCTBA N300paKEHU;

® U3MEpEeHHE MapaMeTpoB;

® CIICKTPaJbHBIN aHAJIN3 MHOTOMEPHBIX CHUTHAJIOB,;

® pacro3HaBaHHE U300pAKCHUM;

® CXXaTue N300paKeHUH.
JIro6oe n300pakeHne MPEACTABISICTCS IBYMEPHBIM MAaCCUBOM, B KOTOPOM KaXIbIN
DIIEMEHT SBIIACTCS (YHKIMEH TpeX MEPEMEHHBIX TPEX3HAYHBIX YHUCEN, KOTOPHIC
MPEACTABIISIOT COOOM 3HAUEHHUS JJIsI Kaxxaoro IBeroporo kanaia RGB. 3nauenue

LOBCTOBOI'0O KaHajla TaKKC XapaKTCPU3YCTCA TAaKUM ITOHATHEM KaK MHTCHCHBHOCTD



1BeTa. B maHHOM cilydae 1o MHTEHCUBHOCTBIO TTIOHUMAETCS «KOJMYECTBO OEJIOTO
cBeTa» B mukcene. Ecnm ucTouHnka cBeTa HEeT, TO MOJIyq9aeTcsi abCOTIOTHO YEPHBIM
RGB (0, 0, 0) uBer, eciu e MPOUCXOJMUT MOCTEIICHHOE J100aBJIEHUE «CBETa» B
kaxapii kaHan RGB mo makcumyma, To momydaem Oenbrii 1iBet RGB (255, 255,
255). To ecTh MHTCHCUBHOCTD I[BETA MUKCEIIS ONMpPEACIIeT KOJIMYECTBO «CBETa» B
KKIOM KaHaje, TOTJa Ka)Jblil KaHal MOXET UMETh TIpajaluio IBEeTa, OT
YEepHOro JO0 MAaKCHUMAaJbHO CBETJIOTO, MEXIY KOTOPBIMH HAXOJATCS IOJYTOHA

ceporo nseta (pucyHoK 1).

CHANNELS

—

Pucynox 1 — I[IpeacraBienue nuarpaMmbl BCEX OTTEHKOB I[BETOB U UX
WHTEHCUBHOCTH B TTOJIYyTOHOBOM IIPE/ICTABICHHH.
Ha ocHOBe mOHATHS WHTEHCHBHOCTH I[BETa IIPOMCXOJIUT OCHOBHAs YacTh
onepaiuit nudpoBoit 006padbOTKU N300paKEHUH.

PaccMmoTpum ocHOBHBIE hyHKIIUU JTst 00paboTKK n300pakeHust B Matiiad



Komanpga

Pesynbrar

I=imread('C:\...\flow.jpg'); %
YyTeHue daitna n3o0bpaxeHus
imshow(I) % pemoHCTpauua
n3obpaxeHus

whos I %3anpoc unHbopmauun o6

U306paxeHnm Name Size Bytes C(lass Attributes
I 320x320x3 397200 uint8

imhist (I) % npepcTaBneHue

rMCTOrpaMMbl MHTEHCUMBHOCTU LBETA 5000

n306paxeHuna

4000

3000

2000

1000

r = double(I(:,:,1));

histogram(r, 'BinMethod"', 'integers’,
'FaceColor', 'r', 'EdgeAlpha’, @, 'Face

Alpha',1) % npeacTaBneHue
MHTEHCUMBHOCTU KpaCHOro KaHana

2500

2000

1500

1000

500

50 100 150 200 250




I = rgb2gray(I) % npeobpasyeT
nsobpaxeHue truecolor RGB B
nsobpaxeHne B OTTEHKaAxX Ceporo .

Name Size Bytes Class Attributes
I 320x320 102400 uint8
k=im2double(I(:,:,1)); %npeobpasyeT
BXOAHON PUCYHOK B PUCYHOK CO
3HavYeHnaAMM knacca double

Z = im2bw(I, ©.4); %npeobpasyeT
BXOAHOW PUCYHOK B [ABOUYHOE
nsobpaxeHue

J = histeq(I(:,:,1),10);
%3KBann3aumMa MU BblpaBHUBAHUE
KOHTPACTHOCTU M306paxeHua c 10
YPOBHAMU APKOCTU




J = imnoise(I, 'gaussian', 0.1); %
fLobaBfieHne rayccoBCKOro wyma K
n3obpaxeHuw c gucnepcuen 0,1

f=fft2(k);% npeobpasoBaHue dypbe

fl=abs(f);% amMnaAuTyaHbIN CnekTp

f2=1og(abs(f)); % amnaAuTyAHbl
cnekTp B Jlorapu¢mMuyeckom macwrabe



https://www.mathworks.com/help/images/ref/imnoise.html?searchHighlight=imnoise&s_tid=srchtitle_imnoise_1#d124e166379
https://www.mathworks.com/help/images/ref/imnoise.html?searchHighlight=imnoise&s_tid=srchtitle_imnoise_1#d124e166181

f3=log(abs(fftshift(f)));%
npeobpasoBaHue Oypbe C LEHTPOBAHHOM
HY/1IeBO HYy/NeBON YaCTOTHOM
cocTaBnfAwwen

£(1:200, 1:150)=0;% ypaneHue
YACTOTHbIX COCTAaBAAWWMX W3 CMeKTpa
n3obpaxeHus

BbinosiHeHHe padoThI

1. Beibepute 0HO U3 MPEIJIOKEHHBIX B TaONMIIaX BapHaHTa U300paKEHUE U
Ipe/iCTaBbTe €ro B BHJC MaccuBa Tuma UINt8 B mporpammHO#l cpene
Matlab. TToayuuTe rrcTorpaMmsl MOJIYTOHOB, I Kaxaoro RGB-kanana
U300pakeHus U JUIsi OMHAPHOTO MpeCTaBleHus1 n3oopaxenus. Cuenaiite

BBIBO/JI O paclpeiesieHny KOHTpacTa B U300paKEHUH.




2. Bemonaute paBymepHoe mpeoOpazoBanue @Dypbe, wu300pazuTe €ro
aAMIUTUTYIHYI0 COCTaBISIIOLIYI0, CHEJaiiTe yCWICHHE aMIUIMTYAbl |
MPEICTaBbTE CHEKTP B IIEHTPOBAHHOM BH/IE.

3. Hccnenyiite BnusHuE IIymMa, J00ABIEHHOTO K  M300paXeHHIO, Ha
pe3ynbTaT oOpatHOro mnpeodbpazoBanus Dypee. [ 3anrymiacHHOTO
U300paKEeHUsT JUCTIEpCHs IIyMa O BbIOMpaeTcs: U3 TaOJIUIbl BapUAHTOB
3HAYCHUM.

4. Ynanute 4acTOThl U3 NMPEeoOPa30BAHHOIO M300paKEHHSI B COOTBETCTBHUHU C
BamMM BapuaHToM. CrenmaiiTe BBIBOA O TOM, Kak BIMSIET yJaJCHHE
HIDKHHUX 9aCTOT M300payKEHUS M BEPXHHUX YaCTOT Ha KAYECTBO CIEKTpA.

5. Bbruncnure cnekTp ABYX HM300paK€HUM M KAYECTBEHHO CPaBHUTE UX.
Cnenaiite  BbIBOA 00 WX KOHTPacTHOCTH, O MPUCYTCTBYIOUIUX

HaIlpaBJICHUAX IICPUOANIHOCTHU B I/I306pa}KCHI/II/I.

Bapuantsl 3axanuii

Bap

HN3o00paxkenne Nel HN3o0pakenune Ne2 0

0,28




0,13

0,21

0,04

0,65




0,06
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0,45




9 0,62
10 0,07
11 0,38
12 0,79
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KoHTpobHBIE BONIPOCHI

1.
2.

Yro Takoe AByMepHoe mpeodpazoBanue Oypne?

Kak wunTerpansHoe aBymepHoe mpeoOpazoBanue Dypbe cBsizaHO C
JTMCKPETHBIM TipeoOpazoBanueM Oypbe?

Kakoe pacnpeneneHue KOHTPACTHOCTH B THUCTOTpamMMe  SIBJISIETCS
ONTUMAJIBHBIM C TOYKH 3PEHHSI 3PUTEIILHOTO BOCIIPUSITUS YEIIOBEKOM?

Ha 4ro BIMSIOT BBICOKOYACTOTHBIE M HHU3KOUYACTOTHBIE COCTAaBJISIIOIINE
CIEKTpa U300paKeHUI.

Ecnmm Ha cniektpe m300paykeHuss OOJIBIIE SIPKUX TOYEK, TO YTO BBl MOXKETE

CKa3aTh O PeaTbHOM M300pakeHNH?



JlabopaTtopHas pabota Ne 4

«Pacuér uudposoro punpTpa HIKHUX YacToT barrepBopTan



3ATAHUE U ITOPAOK EI'O BBIIIOJIHEHU A
HeoOxomumo paccuutath nudpoBoi GUILTp HIKHUX 4acTOT baTTepBopra u
OT(UIBTPOBATH C €TO MOMOILBIO 33/JAHHBIA CUTHAT
X(t)=Assin(2z- f,-t)+ A, sin(2z - f, -1). (1)
[TopsA10K BBITIOJTHEHUS:

1. B cooTBeTcTBHME C MaHHBIMM CBOETO BapuaHTa 3anath cur”Hain (1) B
nporpammHoii cpene Matlab u Ha ero ocHoBe cpopmupoBath 3alryMICHHBIN
CUTHAJI, 1JI 4ero J00aBUTh K CUTHATY CUHYCOMJIbl ICTOYHUK PAaBHOMEPHOTO
Iyma.

2. B coOoTBeTCTBUU ¢ UCXOAHBIMHU JTAHHBIMU JJIs1 pacyeTa HU(PpOBOro GpuibTpa
IPOU3BECTU MepecyeT napameTpoB kopuaopa AUX uudposoro ¢puiabtpa B
napaMmeTpsl kopugopa AUX aHanoroBoro Gpuibstpa.

HNcxonnpie TaHHbBIC:

Fy —uacrora nuckperusanuu;

R, — nepaBHOMepHOCTS B TIONOCE Tpomyckanus (1b);
R, — monasnenue B monoce 3arpaxaenus (ab);

W, —gacrora cpesa (I'y);

W, —ygacrora nogasienus (I'm);

3. Paccuurary mopsiok QuibTpa UCXONd W3 MmapaMeTpoB kKopumopa AUX
aHaJIOroBOro (PUiIbTpA.

4. Paccuurtartb NepPeIaTOYHYIO XapaKTEPUCTUKY aHaJIOroBOTO
HopmupoBanHoro ®HY tpebyemoro mopsiika.

5. IlpousBectn OuMHENHOE MpeoOpa3zoBaHUE NMEPEAATOYHON XapaKTEPUCTUKH
aHaJIOrOBOTO (PWIIbTpa B MEPEAATOUYHYIO XapaKTePUCTHKY  IU(POBOro
bunbTpa.

6. CocraButh pazHocTHOoe ypaBHeHHe HuppoBoro ®HY barrepsopra.

7. C moMmomiplo ypaBHEHUS OTPWIBTPOBATH 3adaHHbi curHan (1) B

nporpammuoii  cpene Matlab. Tloctpouts Tpaduku HCXOgHOTO U



OT(I)I/IJ'IBTI)OBaHHOFO CUTrHajla, a TaKXC HX CIICKTPLI. CI[eJIaTB BbIBOA O

pe3ynbTarax paboThI.

Br100op Bapuanra

3ananus cocTaBisitOT 18 BapuanToB. Kakaplli CTYAEHT BBINOJIHSET 3aJaHUE
10 OJHOMY M3 BapUAaHTOB COIVIACHO HOMEPY CBOETO CTYAEHUECKOIo OuieTa: HOMEp
BapHaHTa COBMAAAET C YHUCIOM, 00pa30BaHHBIM CYMMOHM JABYX MOCHEIHUX LUDp
HOMEpa CTyJAeH4YecKoro Owmnera. Hampumep, cTyneHT, UMEIOIUN CTyAEHUYECKUN
owmter Ne 80237, BeinosaHseT 1ad0paTopHyt0 padboTy no Bapuanty 10, a CTyJIeHT co
ctyneHdeckum ousietoM Ne 25580 BeInoiHSIET pabOTy MO BapUaHTY 8.

Tabnuna 1 — [TapameTpsl curHana rno BapuaHTam

Bapuanr A f, A, f,
1 1 28 76 10
2 7 38 9 6
3 8 95 72 2
4 7 80 74 3
5 6 63 6 7
6 4 47 13 5
7 4 9 82 9
8 7 22 67 7
9 5 28 49 9
10 7 47 10 4
11 8 91 94 12
12 3 82 20 6
13 1 29 39 5
14 10 39 78 14
15 8 40 90 4
16 8 35 39 2
17 9 23 62 10




18 130 2 60 90
Ta6nuna 2 — [TapameTpsl GUIIbTpa 10 BapraHTam
Bapuant F, R, R, W, W,
1 200 1 30 25 55
2 200 2 60 30 65
3 200 3 30 20 50
4 200 1 60 35 70
5 200 3 30 25 59
6 200 3 60 24 63
7 200 2 60 22 49
8 200 1 60 25 55
9 200 3 30 30 65
10 200 2 60 20 50
11 200 1 60 35 70
12 200 2 30 25 59
13 200 3 60 24 63
14 200 2 60 22 49
15 200 1 60 25 55
16 200 2 30 30 65
17 200 2 60 20 50
18 200 1 30 35 70

MeToauveckue peKOMEHAANH

3amaua 1. PaccMotpum 3amganue curHana (1) B mporpammuoii cpene Matlab

CO CJICAYIOINNMMHA UCXOJHBIMHU 3HAUYCHUAMU

A

fl

A,

Fy

130

2

60

90

200




st aTOoro HeoOXOAMMO 3aaTh MEPEMEHHBIE C UCXOAHBIMU JaHHBIMU U3 TaOauibl

1 1 3amaTh cUrHaJI ¢ IIyMOM Ha 3aIaHHOM TTpoMekyTke Bpemenu t=200 Cex.

t =(0:200) /Fd;

X:
Al*sin(2*pi*fl*t) +A2*sin(2*pi*f2*t)+0.5*rand (1, length(t));

3agaya 2. [Ina pacuera uudpoBoro QuiabTpa MNPOU3BECTH IEPECUET
napameTpoB kopugopa AUX (puc. 1) mudpoBoro puiibTpa B mapameTpsl KOpuaopa
AUX ananoroBoro (¢uiabTpa HEOOXOJMMO UCXOJHbIC JIaHHBIC 33J]aTh
OTHOCHUTEJIbHO HOPMHUPOBAaHHOW 4YacToThl B uHTepBasie or 0 g0 m paj/c.
[Tockonbky GunsTp 1udpoBoit u ero AUX sBIseTCS IEPUOJIUYECKON € MTEPUOIOM

2nu CUMMCTpPpHUYIHA OTHOCUTCIILHO HOpMHpOBaHHOﬁ 9aCTOTHI.

AA

>

(!)p (1)S (,?.)n

Pucynok 1 — Ucxonnsie nannbie 115 pacdeta mudposoro ®HY oTHOCHTEIBHO

HOPMHUPOBAHHOW YaCTOTHI




Jns momyudeHuss JAUCKpeTHOro (uiabTpa C 3aJaHHBIMH YacTOTaMH cpesa
HEOOXOJMMO CKOPPEKTUPOBATh YACTOTHI Cpe3a aHaJIOrOBOTO MPOTOTHUIMA, YTOObBI
KOMIIEHCUPOBAaTh MCKAXKEHUS YACTOTHOW OCH. VCKa)keHHe WIKalbl 4acTOT IpHU

OMITMHEITHOM TTPe0Opa30BaHUU MPOUCXOAUT COTIACHO BBIPAXKECHHUIO:
2
Q= ?tan(wn /2) (2)

rme T=1/F,= 0.005¢'— unreppan (mar) guckpernmsarum, € — IIKaga 9acTOT
aHayioroBoro Quietpa, W, =W, =2nw,/F;=1.0996 — HopMupOBaHHas IIKaJa
yacToT nudposoro ¢uiprpa (W, =W, =2nw, /F;=2.1991). Ilo sT0ii opmyne
PACCUUTHIBAIOT CKOPPEKTUPOBAHHBIC YACTOTHI Uil MMPOSKTUPOBAHMS aHAJIOTOBOTO

IIpOTOTHIIA. B YaCTHOCTH, YaCTOTa I'aPpaHTHPOBAHHOI'O 3aTyXaHUA OIIPCHCIISACTCA

TaKuM 00pa3oM:
Q, =2F, tan(w,, / 2) = 245.1203 papn/cex .

YacroTa 110 JaBJICHHUA.

Q, = 2F, tan(w,, / 2) ~ 785.0442 pan/cex

3anaua 3. [lopsnok ®HY barrepBopra paBen

_In(e;/ey) N
T In(Q,/Q,)

e & =v10%%° -1=999.995 ¢ =+/10%"°-1=0.50884

p
3apauya 4. Jlng pacyera mnepenaTOuyHONM — (QyHKUUU aHaJIOrOBOTrO
HopmupoBanHoro @HY TpebyeMoro mopsijika BOCIOJIb3YEMCS MPOTPAMMHBIMU

bynkusmu Matlab.

$PacuerT KOZPPULMEHTOB IMNOJIMHOMOB UMCIMUTEJIS M 33HaMeHaTess IId

$Toe wO= wns

[b,a]l=butter (N, w0, 's'");
$3amaHye rnepenaTodyHoOM OQYHKUMM aHaJIOTOBOT'O HOPMMPOBAHHOTO
®HUY

wpf = tf(b,a);




3agaya 5. CocrtaBum OunmHeHoe mpeoOpa3oBaHHE MEPeNaTOYHOM
XapaKTepUCTUKU  aHaJIOroBoro ¢uibTpa B MEPEAATOUYHYIO XapaKTEPUCTUKY

nudpoBoro GpuIbTpa.

tPacueT OMUIMHEMHOTO Npeobpa3OBaHMUS IepedaTOUYHOMU
XaPaKTEPUCTUKNU

[bz, az]= bilinear (b, a, w0);

3agayua 6. CoctaBuTh pa3HOCTHOe ypaBHeHue 1udpposoro GOHY

barrepBopTa. OOt BUJ pa3HOCTHOTO YpaBHEHUS

;: bn' (1”‘
vik)= =xlk—m)- 2 —=v(k—m), k=0.,1,2,...

—

m=0 (13 m=1 (13

s ero peanuzanuu HEOOXOIUMO 3a7aTh UK 00paOOTKH MCXOJAHOTO CUTHANIa ¢

mryMoM GuiIbTpoM ¢ kodpduiuentamu bz, az.

SV HMUManmu3aluusa MaccuBa IOJiA OTOMIBTPOBAHHOT'O CHUI'HAJa

y = zeros (1l,k);
FdunbpTpauMsa CUT'Halla Ha OCHOBE PA3HOCTHOTO YypaBHeHUS OUIIbLTPa
for 1 = N:length (x)

for m=1:N

y(m)= (bz(m)*x((i+l)-m))-(az(m)*y((i+l)-m));
y(i)= y(i)+y(m);

end

end

3amaua /. [loctpouM rpaduky UCXOAHOTO U OTHUIBTPOBAHHOTO CUTHAja, a
TaKke UX CHeKTpbl. HalimeM cUMMETpUYHBIE CHEKTPhl HMCXOMHOTO fl1 W

OTQWIBTPOBAHHOTO £2 CHUTHAJIOB.

in = fft(x); $%BI® BXOODHOTO CcUI'HaJla
n = length(x); % number of samples
fl1 = (0:n-1)*(Fd/n); % frequency range

powerl = abs(in).”2/n; % power of the DFT




out = fft(y); $%BI® BEXODHOI'O CHUI'HAJa [ocJe QuiIbTpaluumn
n = length(y); % number of samples

f2 = (0:n-1)*(Fd/n); % frequency range
power2 = abs (out).”2/n; % power of the DFT

Pucynok 2 — CBoiicTBa HCXOAHOTO U OT(HUIBTPOBAHHOTO CUTHAIA

BoiBoa: Obln paccMoTpeH uacTHbld ciyuaid KUX-dgunetpa, y KOTOporo Bce
KOO PUIIMEHTHI SBJISIOTCS TMOCTOSIHHBIMU. B 00meM ciydae NpoeKTUpPOBaHHE
KUX-bunbrpa cocTouT B pacueTe Takux KOI(DPUIIUEHTOB, kak bz, az
oOecrieunBanyu Obl TPEOYEMBI BUJT YACTOTHOW XapaKTepUCTUKU. M3 mpuBeAeHHBIX
WUTIOCTPAIIMA MOKHO CJENaTh BBIBOJI, YTO BBICOKOYACTOTHBIC KOJICOAHUS BO
BXOJIHBIX JAHHBIX TOJHOCTBIO (PUIBTPYIOTCS C TOMOIIBIO pa3padOTaHHOTO HaMHU
bunbTpa HU3KKUX YacToT barrepBopTa. OOIMI TUCTUHT TPOTPAMMHOTO KOAA JIJIs

JabopaTopHOi pabOTHI MPUBEEH Jajiee M0 TEKCTY.




00 0000000000000000000000000000000000000000000000000000000O0O0
V0000000000000 000000000000000000000000000000000000000000000
° .

s Pacuér KIUX duibTpa C aldpoKCHMMalMelM IIOJMHOMOM BaTepsopTa
0000000000000 0000000000000000000000000000000000000000000O0O0l
V0000000000000 00000000000000000000000000000000000000000000D0
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Parametrs

$llapaMeTphl MCXOIHOT'O CUI'Hajla

Al =;
f1 =;
A2 =;
£f2 =;

[e)

% 3amaHme curHala
t =(0:200) /Fd;
% =
Al*sin(2*pi*fl*t)+A2*sin (2*pi*f2*t)+0.5*rand (1, length(t));

o\°

YacToTa muckpeTmsauuu (I') :

Fd =;

% HepaBHOMEPHOCTH B [IOJIOCE MNPONyCkKaHMA (OB) :
Rp =;

% TlomaBJieHMe B I[I0JIOCe 3arpaxieHud (Ob) :
Rs =;

% YacToTa cpesa(I'n) :
WO =;

% YacToTa mnomaBJjieHmd (I'11) :
Wl =;

% HopMmMumpoBaHHas dyacTOoTa cpe3a:
w0 =;

% HopmMupoBaHHas 4YacToTa 3arpaxIeHUd:
wl =;

tHopMMpOBaHHAaA WKaJla 4acTOoT LUMOPOBOTO OuMIbTPa
wdal = 2*Fd*tan(wl/2)
wda0 = 2*Fd*tan (w0/2)

~e

~e

3%5%%%%%%5%%%% BeumciieHre napaMeTpoB IIOJIMHOMAa 3%5%%%5%%%5%%
es = sqgrt (10" (Rs/10)-1) ;%nomaBieHue

ep = sqgrt (10" (Rp/10)-1) ;%cpes

N = (log(es/ep))/ (log(wdal/wdaO)) ;

N = round(N),; S%lopsanox nojamHoma OHY

$Pacuer KOZOIMUMEHTOB IMIOJIMHOMOB UMCIIMTEJIS M 3HaMeHaTeJs 10
srome wO= wns

[b,al=butter (N, w0, 's'");
$3anmaHue nepenaTodyHoOM OQYHKLUMM aHAJOTOBOT'O HOPMMPOBAHHOTO
OHY

wpf = tf(b,a);
$PacueT OUJIMHEVHOTO INpeobpa30BaHMUA NepelaTOUYHOM




XapPaKTEeEPUMCTUMKNM
[bz, az]= bilinear (b, a, w0);

GHRFIKKKKAKXXXA HUIMAIMBALUMS MacCuBa OJS OTOMIBETPOBAHHOTO
CMPHaHa********

y = zeros(l, length(x));
SOubpTpauMsa CcuI'HaJla Ha OCHOBE PasHOCTHOI'O ypaBHeHUS QuibTpa
for i = N:length (x)

for m=1:N
y(m)= (bz(m)*x((i+1l)-m))-(az(m)*y((i+1l)-m));
y(i)= y(i)+y(m);
end
end

%****************CHEKTP

CMI‘HAHOB****************************

in = fft(x); $%BI® BXOOHOTO CHI'HAJAa

n = length(x); % number of samples

fl1 = (0:n-1)*(Fd/n); % frequency range

powerl = abs(in).”2/n; % power of the DFT

out = fft(y); SBI® BEXOOHOTO CHI'HAJa HOCJe QuibTpalun
n = length(y); % number of samples

f2 = (0:n-1)*(Fd/n); % frequency range

[e)

power2 = abs (out).”2/n; % power of the DFT

$IllocTTpPpOEHME BCEeX IIOJIYUEHHBEX XapaKTEPUCTHUK.
subplot(2,2,1); plot(t,x);

subplot(2,2,2); plot(t,vy);

subplot(2,2,3); plot(fl,powerl, 'r'")
subplot(2,2,4); plot(f2,power?2)




