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EpyaoTtnpioki Aoknon 1
ESoikeiwon pe 10 MATLAB®

2KOTOG TNG TPDOTNG GEPAG AOKNGEMV Elval, KAT™ apynV, 1 £0KEIMON LLE TO TPOYPOUUOATICTIKO TTE-
péAriov g epapuoync MATLAB. To MATLAB (www.mathworks.com) eivat éva d100pacTtikd
eumopikd mpodypoppo (Windows, Linux, Unix) pe 10 omoio pmopeite va KAveTe 0KOAN aplOunTiKég
npaéelg pe mivaxes. Xto Epyaoctmpio IIpocomkodv Ymoloyiotov (EITY) g Zyoing Oa Ppeite e-
ykoteotnuévn v ékdoon R2009a. Mmnopeite eniong va éxete mpdsPaon oto MATLAB péowm g
1otooeAidog https://cloudfront0.central.ntua.gr/sgd/hierarchy.jsp tov Kévipov Ymoioyiotdv (KHY)
tov EMIT (apov mepdoete €EAeyyo TanTOTNTOG LE TOV KMOKO KOl GLVONUOTIKO TOL oag £xEl d00¢&l).
Exet givan eyxateomuévn 1 ékdoon R2010b kot 1o mepiBdArov eivan Linux. H mpoécfacn pécm tov
KHY 6a cag eivat xprioiun yio vo TpOETOOGTEITE Ao TO OTTL.

TN va s16éM0ete 6710 6TOONO €pyaciag Tov EIIY, ypnopomnorcicte To dvopa ypijotny labuser
Kol Kodwko tpocPaong labuser 1 ot GAho cog 600si amd Tovg emvenpntéc. Eav oty 006vn
ogv gp@avileTonr oyeTIKO TOPdBvpPo dwwAdYoL YO TNV E160YMYY] OTO GUGTIUO, MECTE TAVTO-
ypova to. Taktpa AIt+Ctri+Del . X1ig cuyKekpIUEVES 0IOKNOELS, TO AELTOVPYIKO GVOTNILO TOL
Ba ypnoyomon el eivor oo Windows XP.

H epappoyn MATLAB meptlapfdaver Aettovpyieg yio S1GQOPES EPOUPUOYEG, OPYOVMUEVEG LE TNV
popo1| epyaielodnkmv (toolboxes), dnwg DSP, emkotvavieg, vevpwvikd diktva, kAT, Xpnoyuonotet
Yo Tpoypappatiopd ™ yAdoca m-code (mapopota pe tic yAwooeg C ko Fortran). Egkiviote v
pe omAo KAk oto gwkovidro g MATLAB mov Oa Bpeite oty empdvela epyaciag. Otav Eexvnoet
N epappoyn Ba epeavicBolyv, avdioya pe Tig puBuicelg g tpofoing (view settings), To TAPAKAT®
Tapadvpo:

e To mapdaBvpo evrolmdv (command window)

e O tpgymv KoTaroyo apyeimv (current directory)

e O yopog epyaciog (Workspace)

e To wotopikd evtolwv (command history)
KaAo eivon va eEokermbeite (edv dev to €xete NON KAveL) pe T Agttovpyia Tovg. Mmopeite mavta
VO TOL EMAVOPEPETE GTIV OPYIKT TOVG KOTAGTAOT Tnyaivoviag oto Desktop = Desktop Layout Fil-
ters 2 Default. BonOeio yia 1o TG umopeite va ypnoponoleiote Ty emodaveia epyosiag o Ppeite
oto Help =2 Using the Desktop. TIoAd kaAr Boffsia yio OAeg TiG Aettovpyie/eviolés pmopeite va
AGPete pe TV EVIOAN:
>> help function name

Emumiéov fonBeta propeite va AaPete pe v evion :
>> doc function name

Mépoc 1: E¢oikeiwon ue To mrepifdaiiov MATLAB

(Ze mepintmon mov vidbete dveta pe o Tepfaiiov Tov matlab pmopeite va TV mopodeiyeTe).
Meprparrov

Oleg o1 petaPintéc (variables) sivon mivakeg m*n. Eidikn mepintmon amotelobv ot povodidotaTot.
2tabepég (Constants): pi (0 apBudg ), 11 j (n eavractikny povadae), inf (to dnepo), realmax ko
realmin (0 pé€ylotog Kot eAdy1oTog TPOyUaTIKOS apBpdg), KAT. Evoopoatouéves cuvaptioelg (built-
in functions): nuitovo (sin), cvvnpitovo (cos), ekBetikn (exp), dekadikdg AoydpBuog (logl0), amnd-
Avtn Ty (abs), Yywon oe dvvaun (power), tetpaywvikn piCa (sqrt), KA. Mmopeite va avalntmoe-
1¢ Ponfela Yo TIC GLVAPTNGELS KOADVTOS TOV TAONYO cuvaptioewv (function browser) mélovrog
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Tov cvvdvaopd TANKtpwv Shift+F1 1 kévovtog kKAk 6to kKovpni tov (to cvppforo |ﬁ'E dimlo amd
Vv TPOTPOTY| >>). Mmopeite va avalnTnoeTe GLVAPTAGELS LE TO OVOUE TOVG 1} VO YAEETE GTOVG ELL-
eoaviiopevoug katdloyovs. EGv apnoete yio Alyo tov dpopéa Tov moviikioh axivinto mave ornd 1o
ovopa (o cvvaptnong Ba deite emmAéov TANpoPopicg yia v cOLVTOEN TNG.

E&doxnon
AOKIACTE TIC TOPAKAT®O EVIOAEC 0TO TAPABVPO EVTIOA®DY TOov matlab. Xty TpoTtponn >> TANKTIPO-
Aoyelote TG evTOoAég mov akoAovBovv (og mepintmon mov dev opiletor HETAPANTY TO OMOTEAEGUA

enpaviCeton og 1 petafAnTn ans).

1.1. Anovpynote évo. povoodtdotato ugyeboc

>>g5=2

1.2. Anuovpynote £va Tivorko

>>a=[1 3;6 9]

1.3. Anuovpynote éva didvoouo

>>v=[1 5 9]

1.4. ABpoiote

>>a+5

1.5. [ToAomAocldcTE

>>pb=s*v

1.6. IToAOTTAOGLAOTE GTOLYEIO-TLPOC-GTOLYELO

>>v.*b

1.7. EAéyEte 10 unKoc evoc S1ovOGLOTOC

>>length (v)

1.8. EAéyEte to péyeboc evoc wivaka

>>size (a)

1.9. ITpooneAdote cvyKeEKPLEVO OTOLYELD EVOC VKO,

>>a(1,2)

1.10. IIpoomeAQoTE CLYKEKPUEVO. TUNLLOTO. EVOC TIVOKOL

>>v(1:2)

1.11. Anuovpynote éva didvooua pe ctoryeio amd to 0 £mwc 1o 0.5 ko frua 0.1

>>t=0:0.1:0.5
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N EVOALOKTIKA

>>t=linspace(0,0.5,6)

Apyeia MATLAB (M-files)

Ta apyeia M-files etvon apyeia ASCII pe katdAnén .m mov nepirapPdvovv eviordés MATLAB. T
va dnuovpynoete €va apyeio M-file akolovbnote t dadpoun File->New->Blank M-file ondte Oa
avoi&el 1o mapdBupo emeEepyaciog keévov (Editor window). Evoddaxtikd, propeite va ekteréoe-
T€ TNV EVIOAY edit ‘mfilename’, OOV ‘mfilename’ ' givat to embountd Gvopa tov apyeiov. Oa
onuovpyn et €101 otov TpEYovIa PdKeAo apyeiwv to apyeio mfilename.m, ekTOC Ko £6v AN VITAP-
xel apyeio pe to dvoua avtd, ondte o avoiet yia eneEepyacio. Mmopeite va exteAécete TIC vTo-
Aég evog apyeiov M-file ypaoovtag oV YPOUUN EVIOA®Y TO OVOLO TOV OPYEIOL JOPIS TNV KOTAAN-
En .m M cHpoVTAG KoL APVOVTAG TO apYElo amd Tov TpEYovIa AKEAO 610 Tapdbvpo eviordv. Ta
M-files pmopovv va xpnoorotnfody Kot ¢ GUVOPTHGELS. ZVVTOUES TANPOPOPIES Y10L GUVAPTHGELS
pmopeite va 01AcETE GTO TAPABVPO EVIOADV TANKTPOAOYDVTOG:

>>help function
[Ma mepiocoTepeg mANpoopies petapeite oty tekunpimon tov MATLAB mtAnktpoioydvtog
>>doc function

Inueioon: v va AMaPete TANPOQOpieg Yoo GUYKEKPIUEVT] GLVAPTNGT, OVTL function YPAYTE TO
OVOUd NG, T.)X., sin Yo TO Nuitovo.

Mépocg 2: AsiyuaroAnyia - ¥neiormroinon

Ta ofuoTo Kol GLGTAUOTO TOV XPNGLOTOLOVVTOL 6TO UdOnpa givor Kupimg avaroywd (cuve oV
xpOvov). YnoBéote éva onua cuveyovg xpovou x(7) pe petaoynuatiopd Fourier (Continuous Time
Fourier Transform — CTFT):

X(f)= | x(0)exp(=j27 fiyd

x(t) X
AN ANNEYA W SN y

{v\/\/\/t At .

Aappavovtag detypata tov x(¢) pe pubuod f=1/Ts mapdyetor ofjpa dakpitod ypovov x(nTy). Mabn-
LOTIKG TO OVATOPIGTAVOVUE MG GELPG CLVOPTICEWMV OEATA

0

%5(0)= 3 x(nT)S(~nT) = x(1) Y 8(t=nT))

n=—00 n=—oo

ue petooynuatiopd Fourier

' IPOZOXH! To ovoua evog apyeiov M-file de pmopei va Eekivd pe apBpd kot de pmopel va tepthapPavel otny ovo-
paocio Tov €1dkovs yapaktipes. To MATLAB pmopel va exkhafet této1eg ovopacieg og evioAés kat oyt og M-file, 6tav

nwpoonabeite va ta TpéLeTe.
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X,(f)= 3 x(nT)exp(—j2x faT) = X(f)¥UT. Y 6(f ~kIT) =UUT, Y X(f ~k/T)

n=—on k=—o0 k=—o0
7oV givol TEPLOOIKT GLVAPTNOT).
FM - T () AT,
e s 0w 7

INo Baburepatd onpata x(f) dpovg Covng W, pe v vndbeon 61t 0 puBudg detypotonyiog fi >
2W, 1woytel 0t X(f) = T Xs(f), 0 < f< W, onhadn, to onuo X(f) mpoxvmtel petd and didfacn tov
OEIYHLATOANTTNUEVOL Xs(2) HESm 10avikoy Pabumepatov @iktpov képdovg Ts. AmO TO TPONYOVLEVO
oYNUO yiveTton @avepd OTL €dv 1 OEIYUATOANYIO YIVEL PHE CLYVOTNTO LKPOTEPT) TOL SUTANGIOL TNG
avatepng cvyvotmrag W tov onpatog (vmodetypdtion — undersampling), tote gpeavifovral oty
TEPLOYN CLYVOTHTOV TOV ONUOTOG «EOMAMY PAGLATOC OO AVAOTEPES GUYVOTNTEG TOV OEV EMTPE-
TOLV TNV aKPIP TOKATAGTOGT TOV APYIKOD GNLOTOG GLVEYOLS XPOVov. To PatvOrEVO OVTO OVO-
péleton avadimioon (aliasing), To de GEAALO KOTA TNV OTOKOTAGTACT] TOV OPYLKOD GYLLOTOG OTO-
KaAgitar opaipa avaditimong (aliasing error).

H derypotoinyio 6to medio tov ypoévov amotedel ) Pdon yi Tov opiopd TOL UETAGYNUOTIGHOD
Fourier 6wakpirov ypovov (Discrete Time Fourier Transform — DTFT). ['a pa oepd dakprrev o-
pOuav x[n], o petacynuoticpog Fourier diaxpitod ypdvov opileton mg:

o0

X, ()2 Y x[n]exp(—j2zng)

O DTFT eivon meprodikn cuvaptnon pe mepiodo 1, emopuévmg, apkel 0 VTOAOYIGUOS TOV GTO dLACTN-
pa cvyxvotntev [0,1] N wodvvapa [-2,2]. No onpewwbei 6t o DTFT, mopdtt mpoxvmtel amd pio
oe1pd SoKpLtdv aplBudV x[7], elvar cuveyng cuvapTNON TG LETAPANTAG @ OTMG TAPUCTUTIKA PO~
VETOIL GTO ETOUEVO GYT|LLOL.

X['IT] I { Xa(p)
% w’ T <—>m

Me 1t og1pd TV SaKPLITOV aplBUdV Vo TPOKLTTEL OC AToTEAESUO. derypaTonyiag, x[n]=x(nT;), o
DTFT xat o petacynuotiopdg Fourier Xs5(f) tov 0etyplatoAmTUéVOL GNUOTOG GLVOEOVTOL HEGM
g avtiotolyiag @ <« f/f,. H cuvnbng mpaktikn eivol va mapiotdvovpe tov A0Yo f/fy oG KOVOVIKO-
TOMUEVI] GUXVOTITOL @ KL Ol TPAYHATIKEG GUXVOTITEC VOL TPOKVTTOVV MC TOAATAGoIE” TG (cuvi-
Owg Khaopotkd). o ™ ovvdeon tov DTFT pe tov petasynuatiopd Fourier X(f) tov onpartog
TPENEL EMTAEOV VAL YIVEL ovay@yn otnv Ttepiodo derypatonyiog pe tollamiaciocpd eni Ty (1) owai-
peon pe fs).

Kot” avoloyla pe ) detypotoinyio onudTomv 6To pOvo HTOPOVUE VO KAVOLUE OELYLOTOANYIN GTO
nedio g ocvyvotntog Aappdvovrog otaxprteg Tnég X(kf,) tov petacynuoaticpov Fourier mov avti-
oTot oV o€ avaivon cuyvotrag f,=1/T,. AvT0 1GOJVVOEL [IE TEPLOJIKT| EMOVAANYT TOV GIUATOG
ovveovg xpovov x(t) ke T, apod To TEPLOOIKO O

0 T

o0

x,(0)= D x(t—nT)

n=—00

&xet petaoynpatiopd Fourier

? Enetdn 1 petafAnT £ Topiotével ™ euoikh cuyvota (kKokhovg avé dsvtepdrento - Hz) kot 1 cuxvoTta Setypato-
Anyriag f; dnAmver delypata avd dgutepdAento, 0 AOYOG TOVS @ TAPIGTAVEL KOKAOLG avdl SelyLLoL.
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XU Y, exp(- 22 fiT) = X () 3 8(f ~kIT) == 3 XU/ TS ~k/T,)

0 k=—x 0 k=—»
Enopévac, X[k] = X(kf,)/T, etvan o1 cuvtedeosTéc Tov avantOyuatog o€ oelpd Fourier.tov meptodikod
onpatog x,(1). Ilpogavamg, ywa ofjpata x(¢) nenepacpévng ddpketog, 6mov x(£)=0 yw |¢f| > T, pe v
voBeom 6t N mepiodog T, >27, woydet Ot x(1) = x,(¢) ywo |t| < T.

v wpdén, ta oNUATO £XOVV TOAD HEYAATN OIAPKELD Y10 VO UTOPEGOVUE VO TO, AVOADCOVE GTNV
oAOTTA ToVG. 'ETot epapudlovpe éva opBoymvikd xpovikd mapdbupo, doTe va dlotnprcovpe Lovo
TO TTLO GNUOVTIKO TOVG HEPOG Yo TO OldoTnia moapatipnong kot x(1)= 0, aArov. Koatd tov voroyi-
opd Tov DTFT X (@) evOg T£T0100 0KpOTNPLOGUEVOL GYLLOTOG, OVTL TOL ameipov abpoicpatog, me-
pLop1lOUOCTE GE U0 TEMEPAGUEVOV UNKOVS L GEpd apBudv x[n], ondte

X,(#) =3 x[nlexp(~j27ng)

H derypatoinyia tov X (@) oto medio ouyvotntog o€ N 1GOTEYOVGES KOAVOVIKOTOMUEVES GUYVOTY-
16 0, 1/N, 2/N, ..., (N-1)/N, divet

N-1
X[kl=X, (%) = x[n]exp(—j27n %), 0<k<N-1
n=0

omov, eav N>L, 0étovpe x[n]=0 ywo n>L. H tehevtaio oxéon avayvopiletor wg o SloKptdg HeTo-
oynpotiopodg Fourier (Discrete Fourier Transform — DFT), o omoiog yio pa menepacuévn cepd x,,
n=0, 1, ..., N-1, opileton og:

N-1 k

X, 2 x, exp(—j2zn—), 0<k<N-1
n=0 N

KOl 0 OVTIoTPOPOC TOVL Elval

1 & k
= i b <n<N —
X, N;Xkexp(jZEn N), 0<n<N-1
H X ¢) oc DTFT givor meptodikn cuvaptnon Kot €4v 1 apyikn Gepd x, NTov TePLodikn (Kot oev
epapuolape o mapdbupo), tote N XA @) Oa Nrav undév maviov ekTOC TV ONUEI®V TNG OEIYUATO-
nviog A/N. Anhadn|, edv Bempricovpe pio TETEPAGUEVOL UNKOVS GEPE aptOUdY Tov emavorapPd-
VETOL TEPLOJIKE, 0 dLaKPLToL ¥povov petacynuoticpog Fourier g (DTFT) etvon kot avtdg meptodi-
k6¢ ko drokprrdg. EmmAiéov, o DFT kot o avtictpopdg tov IDFT, edv dev mepropilaple Tovg deikteg
n kot k peta&y 0 kot N-1, Oa ftav Teplodikég cuvapTioElS. Apa 1) TEXEPAGUEVT GEPA X, WTOPEL VOl
Bewpnbel og Eva meP1odKod onpa 610KPLToD ¥POVOL WMUEVO HOVO KOTA TN OEPKELN LLOG TEPLOOOV
kat 0 DFT, n cepd X;, og ta dstypota pe avdivon 1/N tov DTFT Xy(¢) oto nedio koavovikomom-
pévav cuyvotntav [0,1], 0nwg gaiveTon 6To ETOUEVO TYNLUO.

Aoxnon 1 5



AIAMOPOQYH, PQPAYH KAI EKTIMHXH XHMATQN Ax.’Et0og 2010-11

®aopoatiki avaivon

[Ma Tov vToAoyiopd g evépyelag 1| 1oY00G TG KLUATOUOPPNG X(7), avOAOYOL LLE TNV TTEPITTMOT O1)-
LOTOG, 1GYVEL

0

EX:jfmmzfuxmﬁ#

—00

' 1 T/2 , ©
Po=limo Ix (t)dt = I S ()df

oMoV Yo oNpaTa 1yvog Sx(f) etvan n TokvotnTa edopartog 1oyvos (Power Spectral Density — PSD)
™G x(¢). T onjpata d10Kp1tov YpOVoL oL TPOKVTTOLY amd detypatoAnyio g x(¢) pe mepiodo T,
01 OVTIOTOLYEG GYECELG VTOAOYIGHO TNG EVEPYELNG 1] 1GYVOG YivovTal

E =13 »n]

"Evag amdog tpémog va extiunfel n mokvotta eAGHOTOS 16006 TG KLHATOHOpTS x(f) etvan va
IneBel o DTFT twv detypdtov Tov 6NHatog Kot HeTd va vWwbel 6To TeTpdymvo To HETPO TOL aTo-
TEAEGUOTOC. AVTOG 0 EKTIUNTNG omokaAeitol meplodoypappa (periodogram). To meproddypappa €-

VoG memepaGLEVOL PnKovg L onpatog x[#] opileTon g
2

2 [ X (F1 1)
P.(NH= 7L

6mov X(¢) o DTFT tov onuatog. Me 1o uinkog L va teivel 610 amelpo, to meptoddypappa Py (f) tei-
VEL GTNV TUKVOTNTO PAGHATOC 16Y00¢ Sx(f). O vTOAOYIoUOG TOV TEPLOSOYPAULOTOS GE TEMEPACIEVO
mn0Bog cuyvottav kf/N, k=0, 1, ... , N divel
2
X
RJH=Lﬂﬂ k=0,1,.,N -1
f.L

N

o6mov X ka1 o DFT tng menepacpévov unkovg L oepdg detypdtov tov ofjpatoc. H oydg tov onua-
106 elvar TOTe

P 1 N—le lele 1L71
r;zglAﬁ;ﬁéyA—zZ

n=0

2

‘xn

omov M tedevtaia 1odTNTa TPokLTTEL 0md To Bedpnua Parseval, mov yio v mepintwon tov DFT
exepaleTon o¢:

N-1 2 1 N-1 2
S =3 x|
n=0 k=0

21V €01KN TEPIMTOOT TEPLOIIKADV CTUATOV EXOVLLE

Sy ()= S Xk 6(f ~k/T)

P = Xk

k=—0

omov X[k| ot cuvteleotéc Tov avantuypatog o€ oelpd Fourier kat 7, 1 tepiodog TOL GNUATOG.
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E@appoyn oto MATLAB

To nepipdrrov MATLAB givor ymorakd kot tpémet va yivel katovontdg o TpOToGS [LE TOV 0010 KL-
HOTOHOPPEG GLVEXOVS XPOVOL Kol 01 peTacynuatiopol Fourier toug meptypaeovtol e TETEPACUEVO
mAn0og dedopévav. TIpog To0TO, TA GUATO GVVEXOVG YPOVOL LEGH JElYpaTOANYiag yivovtal dta-
KP1Tov ¥POGVOL KOl TO PUCUATIKO TOVG TEPLEYOUEVO OVOADETOL GE OLOKPLTEG CLYVOTNTEG UE TN Pon-
Be1a tov DFT.

Otav n oepd x, TOPLOTAVEL LEPOG TOV OELYUAT®V TNG KVUATOUOPPNS X(7), 1| dladKacio YEVESTC TG
umopel va meptypagel ™G N papuoyny piog cuvdptnong tapabvpov (window function) oty x(7)
aKoAovBovpevn and dstypatoAnyio (1 To avtiotpo@o). [1pénel va koatavondel Toc N epappoyn ov-
TOV TV Tpdcemv ennpedlel Ty mapatnpnon tov petacynpaticpot Fourier X(f). O moAlamiacio-
GUOC 6TO TTEGIO TOL YPOVOL 1G0OVVALEL Le GLVEMEN GTO TTEDIO GLYVOTITOV, EMOUEVAG 1) CLVEPTHON
Tapabvpo eEamAdvel KABE PAGLATIKY GLVIGTOGCH TOL X(f) cOHP®VA Pe TNV aTOKPICY| TNG OTO TE-
010 ovyvotroc. To pawvopevo awtd amokaleiton pacpatikn dwappon (spectral leakage) kot cuvn-
Bwg, epeaviCetar pe ) popen| oelpds “AoPav”. H pacpatikn dwappon epeaviletal og edv kamoto
evépyelo €xel “Ooppevoel”’ oe CLYVOTNTES TEPAV ALTOV TOL PACUOTOS TOV apykoL ofjuatog. [a
TOPASELYLLOL, TNV OAY] TEPIMTOOT 0pBoywViKoy Tapadvpov kdbe cuyvOTNTO TOL OPYLKOD CNHOTOS
eEamiovetal Ommwg 1 cuvdptnon derypatoinyiog sinc. Emopévmg, PAEmovpe 6t n epappoyn g ov-
vaptnong mapabipov Exel ¢ amotédecua to 00Ampa Tov X(f) kot dpa 0dnyel o€ ammAEL0 OloKPLTL-
KNG KAvOTNTOG.

[Mepartépw, N derypatoAnyia g Kupatopopeng aAralel Tov vrrokeipevo petaoynuoticpd Fourier
ovveYoDg XPOVOL Kot 00NYElL GE TEPLOJIKT GuvApTHoT. AVt N TEPLOdkN cuvdptnon (DTFT), mept-
ropBavel avtiypoaeo g “BoAng” exdoyrg tov X(f) emavoropfovopeva meplodikd kabe f; kot o-
Opoilopeva ota onueion dmov vapyel emkdivym. Emouévac, ta avtiypaga eivor mapoariayés (ali-
ases) TV apy®v cvuyvotitev. Edwotepa, ota onueio emukdioyng 1 ovaditAwon puropet va om-
HLOVPYNOEL CNUAVTIKES TOPAUOPPADGELS, EAV 1 SLYVOTNTO dEYHATOANYiOG fs OEV €lvol apKOVVTMGC
vynA. Me katdAANAn emAoyn TG cvuvapTnong Tapadupov Kot Tov pLOUOL derypatoAnyiog pro-
POVUE TEMKE VO EYOVE 0L TKAVOTTOMTIKT TPOcEyyiomn Tov X(f).

Mo va amopgvyBovv awvopeva avadimAwong Tov PAGUATOS, 1| KUUOTOUOPEON TPEMEL VO, TEPACEL
and Babumepatd eidtpo avri-avadimiwong (anti-aliasing) evpovg {ovng W < f/2. To gbpog Lovng
W tov @iktpov avit-avadimtiwong (1] cuyvotnta derypatoAnyiag fi.) emdéyetal £161 OGTE 1 GAAOL-
won ov Ba TpokAnOel va givar apkovvimg pikpn. Mécw tov dtakpltov petacynpaticpov Fourier
(DFT), mov vrohoyileton ypnoipomoidvtog tn cvvaptnon £t too MATLAB, AauBdvovpe v o-
VOTapAGTOGT TOV CUATOG 6TO TEdIo TV cvyvotHtey. Otav ypnowonotovue tov DFT yo poacpo-
TIKN OVAALGT, 1| TEMEPACLEVT GEPA X, UKOVS L €xEl TPOKVLYEL AO 1GOTEYOVTO delypata TG KL-
HOTOROpPNG X(7) HETd TV epapuoyn TG cvviptnong tapadvpov. To unrog N tov DFT kot n pop-
o1 oL TaPaBHPOL givatl e GKOTO TNV EALaIoTONTOINGT VTG TG deVTEPN S Aloiwong. To unkog N
tov DFT opilet kot v avdivon cvoyvotrag f, pe v omoia avamapiotovue tov DTFT tov cuve-
¥00G onpatog pécm g avtiotowiog I/N < fo/fs., Onhadn, f, = fs /N. Zmv npdén etvar cvvnbeg va
emiéyovpe N>L kot va copmAnpaovovpe pe undév (zero padding) tovg ehdeimovieg Opovg. Inueid-
ote 0Tt TopoTL To N opilel v avaivon cvyvotntag, to L givar avtd mov gyyevag meplopilel v
axpifero g avamapdotacng tov DTFT. Ot emimAéov pundevikoi 6pot dev aAralovv tov DTFT, a-
TADG avEdvouv ta onpeia dmov vroAoyilovion ot Tipég Tov. To amotéleospa ivorl voo aAAGLEL 1] OV~
Avon pe v omoia yiveTat 1 avamapacsTaot, aArd oyt n axpifeid tc. 'Etor oto MATLAB,

e 'Eva ovveyéc onua x(7) anewoviCetar pe 1o dtdvoopa [x(0), x(1), ... , x(L-1)] pmxovg L, mov
TPOKVTTEL A0 AKPOTNPLCUO (TEPLOPIGUO NG O1dpKeELdS ToV) 6To ddstnua [0, 7] ko dety-
potoAnyio ota onueia t,, = nTy, 6mov T 1 TEPI0O0G dEYLATOANYINGC.

e H ovyvomra oetypatoyiog f,=1/T; emiéyetar mohd peyordtepn omd T ocvyvotnta
Nyquist, ®OTE TO SEIYUATOANTTNUEVO LA VoL «potdlen pe ovaroyiko. 'Evag mpaxtikog ko-
vovag etvar 10 opég 1 Hé€ytotn cuyvoTNTO TOV GTULATOGC.
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e H duwpxew 7= LT Tov GHLOTOC EMAEYETOL APKETE LEYAAT DGTE VO EYOVILE IKOVOTOINTIKN

TANpoeopia.

e Y10 medio cvuyvdtTog To onpa amewkoviletal pe dtdvocua [X(0), X(1), ... , X(N-1)] unkovg
N mov avtiotoryel oe N 16amé ovceg SoKpLTég ouyvotnTeg 6to ddotna [0, fi] pe avéivon

=f/N=1/(NT,).

e Yuvibwg, Aappavoope to N va gival dvvaun tov 2 peyoAvtepn 1 ion amd to pnKog L tov
onuatog yo Adyovg Pertiotonoinong twv vroroysp®v tov FFT, napdtt oty npdén N=L

Exel EAAYLOTN SLPOPA GTOVG YPOVOUG EKTEAEONC.

e [0 ™V apeitievpn avomopAGTACT) 6TO TEHIO0 GLYVOTHT®V OAlGOaivovE TIG TYES KOTd f; /2
TPOG T APVNTIKG, OCTE TO0 UNdEV va Ppebel oto péso tov daotuatog (avtd yivetar 6to

MATLAB pe ) ovovdptnon £ftshift).

E&aoxknon

AoKIUAoTE 0T GLVEYELD TIC TAPOKATO EVIOAES 6TO Tapdbupo evioddv tov MATLAB. Xtnv mpo-

TPOTN >> TANKTPOAOYEIGTE TIG EVIOAES TOVL AKOAOLOOVV.

2.0 Awaypdwyte to Taperdov

>>clear all % dLaypoaprn Tou Y®pou epyaolag
>>close all % KAeloLlpo OAWV TOV YPUPLKOV THPACTACEW®V
>>clc s exkaBGpLOon TOU maPABUPOU £VTIOADV

2.1 Anuovpynote éva NUITOVOEDEC G

Exteléote oto mapdabupo evtoddv too MATLAB T1g endpeveg evioAés:

>>Fs=500; % ouxvotnta delyupatoAnyiag 500 Hz
>>Ts=1/Fs; % neplodog delypatoAnyliag
>>T=0.1; % dLléprela Tou onuatoc 0.1 sec
>>t=0:Ts:T-Ts; S XPOVLIKEC OTLYRéEC detypatoAnyioc
>>A=1; % TAATOC CHUATOC

o°

>>x=A*sin (2*pi*50*t) ;
>>L=1length (x) ;
>>plot (t, x)

>>pause

dL&vUoua CAUATOC

unkog dlLoviouatocq

oxed L&ypauua cUvVapTNoce Ll Tou Yxpdvou
avapovy yia va delte 10 OYXAUX

DLéCTe éVva MANKIPO yla va ouvexlioete

o o o°

o°

2.2 Yyedidote tov drokpitd petocynuoticud Fourier Tov nuitovoedonc GAUOTOC

o\

>>N=1*L;
>>Fo=Fs/N;
>>Fx=fft (x,N);

WAKOC peTooXnNuaT LopoU Fourier
avéAiuon ouxvoInIog

o° o© oo oP

o\

wéxplL 1O uNkocC N, aAALOC 6o roloPwOel.
dL&VUCUN CUXVOTHTWV

nA&tog Tou FET

Tit2oc dlaypduuatocd

o

>>freg=(0:N-1) *Fo;
>>plot (freq, abs (Fx))
>>title ('FET'")

o°

o\°

ApLlOunt LxOC UmoAOYLOoPdC TOU OLUKPLTOU PETAOXNUAT LOPOU
Fourier (DFT) via N onueioa. E&V TO UAKOC TOU X glval
nikpdTEPO TOU N, 10 X Qo mopayeutodel pe undev k&

>>pause % ovauovh, TLECTe éva TANKIPO YLIa va ouvexliocete
>>axis ([0 100 0 L/21)% suop&vion otnv neptoxn 0 éwg 100 pe xAlpoxka 0 éfwc L/2
>>pause $ avopovr, mLéoTe €vo TANKTIPO VI va ouvexloete

Aoxnon 1
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2.3 Xyed140TE TO TEPLOOOYPOLLLLLOL

oe

YrnoAoy Lopdg mukvOTNTAC QUOUAT LKACG LoXUoCQ
EvaAlaxkt Lk&, abs(x).”2

LOXUGg ov& OUVLoOTOOoa OoUXVvOTnIacg

Ael&vta otov &fova x

Ael&vTa otov &fova y

TitAog dLaypdupatog ue mox L& ypduuoto (\bf)

power = Fx.*conj (Fx)/Fs/L;

o oP

plot (freq,power)

xlabel ('Frequency (Hz)")
ylabel ('Power")
title('{\bf Periodogram}")

o° o

oe

2.4 YroloyicTe TNV 16Y0 TOV NULITOVOEO0VC GNLLOTOC

>>power theory=A"2/2 % LoXUc PBdon 1ng Gewplac
>>dB=10*10gl0 (power theory) % oe dB

>>power time domain=sum ... OUVEXe Ll OTnVv e€mduevn YPAUUn

(abs (x) ."2) /L % unoloyLoudg oto nedio Tou xpdvou
>>power frequency domain=sum ... OUVEXELX OTNV emMOUEVI] VPPN
(power) *Fo % unmoAoylopdg oto medio ouxvodInIag

2.5 AmoOnkedote Thv £pyocio coc

A6 1o TapdBupo pe TO 16TOPIKO EVIOADY EMALETE TIG EVTOAEG TOV YPAYATE TPLY Kot oo KevoTE
11§ ©¢ apyeio M-file oto pdkero epyaciog cag (My Documents\MATLAB). Xpnoyloromote yio to
apyeio o ovoua labl 2 nnnnn.m, 6mov nnnnn to TEVTE TEAELTOLO VOOLEPO TOVL aplOUOD UNTPDOOL
oag (Toté unv Eekwvarte v ovoposio apyeiov 1 petafAntav pe optfpong).

2.6 Iewouoticdeite

Topa pmopeite va ekteléoete T0 apyeilo, TANKTIPOAOYDVTOS TO OVOUA TOL GTO TAPABVPO EVIOADV
Yopig v enéktaon .m. EmPePordote 011 Acttovpyel cwotd, kavovag dtopbmacelg eav givorl ava-
ykafio.

> ovvéyetla Oa mepapaticbeite aAAGlovTag TIg TIHEG TG CLYVOTNTOG OEIYUATOANYING. ZVyKpivaTte
ta amoteléopata Yo Tig THES £=500, 1000 ko 2000 Hz. AxoroObwg, Yo £=500 petafdrete to
UNKOG TOL petacynuaticpov Fourier. Xvykpivate ta amotedéopata yio Tig Tywég N=L, 2L, 4L ko
TAPOTNPEISTE TAG EKONADVETOL TO GAVOUEVO TNG PAGHATIKNG Otappong. [Ipocéste g alidlel n
TUKVOTNTO PAGLATOG 1GYVO0G Ue TNV avénom tov N.

Téhog, mepapaticdeite arddlovtag T odpkela 7 Tov onuatog kot Bétovtag N=2L. Zvykpivate o
aroteAéopata yu Tig Tinég 7=0.1, 0.5, 1 ko mapotnpeiote mmG 10 PAGHO GLYKAIVEL TPOG TN GLVAP-
tnon dérta.

2.7 YroBdAiote tnv epyocio 6og

YrnoBdrote to apyeio mov aviiotolyel otV TEAevTaio £kdOY TG Epyaciog Yo Babporoynon og
edng:

1. Emié&re amd v 16t00€é0om T0v podnpatog v Epyoaoctplokn Acknon 1 ommv evomta “Ymo-
BoAn avagopmv”.

2. X oeMda mov Oa eppavicdet kbvte KAk oto Kovuni “Browse”.

Avalntote 1o apyeio cag oto drero gpyaciog (My Documents\MATLAB) kot emAéETe T0.

4. Kavte KMk 010 Kovuni “Amoctodn Tov apyeiov” yia va aveBdcete v epyacia cag otov e&v-

TPETNTN.

Edv 6éhete va kdvete kdmoo d10pHwon, akoAovOnote v 110 dtadikacia avefacpotog.

6. Mnv opiotikonomoete TV VIOPOAN YTl HETA Og B pmopéoete va VTOPAAETE TNV ATAVINON
oV 3% pépovg g GokNoTG.

(O8]

e
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Mépoc 3: Epapuoyn

>t ovvéyewn Ba epapudoete 6co pnabate o€ £vo o TOAOTAOKO TOPASELYUO TOAPUYDOYNG CNUATOV
mov mepAapPdvel dapdpemon kot mpocsOnkn Bopvfov. e evkoAia dideTor NMUTEANG KOOWKOG
MATLAB pe oyo\o, Tov 0moio Tpénel vo. COUTANPAOCETE Kot amodnkevoete o apyeio M-file.

Eexwnote 1o MATLAB

AvoiEte éva véo apyeio m-file

AVTIYpAYTE KOl ETIKOAANGTE TOV TOPAKATO KOOKO

Yoote o apyeio oto Pdrkero epyaciag coc (My Documents\MATLAB) ypnoiponoudvtog o-

vopaoia labl 3 nnnnn.m, émov nnnnn to TEVTE TEAELTAIN VOOUEPO TOV OPLOUOD LUNTPDOV

oG,

SOUTANPOCTE TO, KEVE OTIC EVTOAEG KO TOL LEPT TTOV AEITOVYV COLPMOVO, LLE TIG 00N YIES.

6. Topa pmopeite vo exteréoete to apyelo, TANKTPOAOYDOVTOG TO OVOUA TOL 610 Ttapdbupo -
VIOAGV Y®PIc TNV EMEKTOOT) .M

7. Z1oV K®OKA LITAPYoVV eVIOAES Tawons (pause). Otav 0 KOOKOG CUVOVTAEL TETOLES EVTOAEC

OTOUOTAEL 1) EKTELECT] TOV KO cuveYILETAl TATMOVTOG OTOOONTTOTE TANKTPO.

EmiPeporwote v opn Aettovpyia tov.

9.  YmoPdAete t0 amotéAecpua aKOAOLODOVTOG TN O0dIKOGIO TOV TEPLYPAPTIKE TPONYOVUEVMOS
oto pépog 2 ¢ doknong. Eav ypewootel unopeite va kavete dtopbwacelg vroPfdAiovrog ek
véou Ta dopbopéva apyeia.

10. Otav elote 6lyovpol, TPOY®PNGTE GTNV OPIGTIKOTOINGCT KAVOVTOS KAMK 6TO Kovuni “AmocTto-

A Yo BaBpoddynon” Kot amavInoTe KOTaQaTikd 6TV €pdTNnon Tov Oa akoAovdncel.

b=

e

*

©00000000000000000000000000000000000000000000000000000000000000000000000000
OO0OO0OO0OOOOO0OOODODOOODODOODODOOODODOODODOOODODOODODOOODODOODODOOODODOODODODOODODOODODOOODODOOODOOODODOODODOOODO©OOO™©
% Part 1 AnuiLoupyfoTe IO ONUX
990909000000000000000000000000000000000000000000000000000000000000000000000008
OOO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO™O
% KAelote OAEC TLQ VPUOLKECQ TUPACTACE LG
% xabaplote 1OV XOpo epyacliag
% xoboplote 10 MUPAOUPO EVIOADV
Fs=500; % ouxvoétnta detypatoAnyicac 500 Hz
Ts= ; % meplodog delypaTtoAnyliac
L=1000; $ pRkoc onuatoc (aplBudc delypdTwv)
T=L*Ts; % dlLApKeE LA CHUATOC
S

t=0:Ts: (L-1) *Ts; XQPOVLIKEQ OTLYUEQ UMOAOYLOUOU TO OAUATOC

x=sin (2*pi*20*t) ...
+ 0.8*sin(2*pi*70* (t-2));

nutitTovikd onua ouxvoétntoac 20 Hz
cuviotwoa 70 Hz

o° o

[

% ¥xedlLdote 1O ofua oTo medlo Tou Ypdvou

figure (1)

plot (t, x)

title('Time domain plot of x')
xlabel ('t (sec)')

ylabel ('Amplitude")

pause

axis ([0 0.2 -2 21)

Avo Lyl TopabUpou VI Y LKA IToHpdCTAON

VPO LK ToPpdCTHon TOU ONUATOC

TitAoC ypoplkAC mapdoToong

Ael&vTta otov &dfova x

Ael&vta otov &fova y

avauovy, mLECTE €V MAAKIPO YL vo cuveyloete
euedvion Tou onuoatog oamd 0 éwg 0.2 sec kol

kA lpoxko omd -2 éwc 2

AVOUOVY, TLEoTEe &V TANKTIPO Yyl vo ouveyxloete

o® o o°

o° o° oo

o o

o\

pause

[

% Ymnodoyliote tov dlLakplTd petooxnuotiopd Fourier
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N = 2%nextpow2 (L) ;

o

UAKOC HETXOXNUAT LOuoU Fourier.

n nextpow?2 Bplokel 1tov €kBéTn Tng dUvaUng TOU 2 IIOU
el{val peyoAUtepn 1 (on oanmd 1o dpLopa L

eVOAANAKT LkE, =ceil (log2 (L))

o° o

o

Fo= ; % ov&dAuon ouxvorniag
f=(0:N-1) *Fo; % JLAVUCUN CUXVOTHTWV
X= ; % apLlBUNTLKOC UTMOAOYLOPOC TOU JLAKPLTOU HETAOYXNUAT LOUOU

o

Fourier (DFT) via N onuela

o\

Sxedld&ote 1O ONua Oto medio ouxvoéINIACg
ApoU 10 ofpa eival mpaypot lkd umopelite
% vo oxedldoete pdévo TLC OeTLkéQ ouxvoINIEQ

o

o

figure (2)

plot (£(1: )) ,abs (X(1: )))
title('Frequency domain plot of x'")
xlabel ('f (Hz) ")

ylabel ('Amplitude')

pause

dvo lyua mapabUpou YL YPou® LKA IoHpdCTA—01)
YPOAQ LKA ToPAoTOon TV BT LKOV OUXVOTH-TWV
TitAOC ypoplKAC mapdoTaong

Ael&vta otov &fova x

Ael&vTa otov &fova y

avapovy yia voa delte 10 OYXARX

nLéote éva TANKIPO VLI vo cuveyloete

o\

o o° o o

o\

o

Yia TN yeoe LK noupdoToon Tou ouelmieupou @Aopatog
npénel va xpnolLpomnolnocete tnv fftshift dote o dpog via
n ouxvortnta undév voa petoakilvnBel otnv apxn Twv afdvav
delte help fftshift via mepLocdiepeg Aemtouépeled

o oP

o\

o

figure (3)
f=f-Fs/2;
X=fftshift (X);

Avo Lyl TopabUpou VI YPU® LKA IToHpdCTAOoN

oAloOnon CuyxVoTATWVY MTPOC Ta aploTepd Kout& —Fs/2
oAloBnon tng undeviIkAG OUXVOINTAC OTO KEVIPO

ToU QACPATOCQ

% (axoAoUB0oUV HOAAEC €VIOAEC O ULA YPOUUL)

('"Two sided spectrum of x'); xlabel('f (Hz)'"'); yla-

o° o

o

plot (f,abs (X)) ;title
bel ('Amplitude’)
pause

o

avapovy, TLECTe €Vva MANKIPO YLl vo cuvexloete

[

% Ymoloylote tnv LoXU

power=X.*conj (X) /N/L;
figure (4)

plot (f, power)

xlabel ('Frequency (Hz)")
ylabel ('Power')
title('{\bf Periodogram}")
pause

o

unoAoy Lopdg nukvoOTNTHG LoXUog

AVOo LYHa TopabUpoU VLI YPuP LK IToHpdOTAON
LOXUC ov& OUVLOTOON OUXVOTINTA

Ael&vta otov &fova x

Ael&vta otov &fova y

TitAog dlLaypdupatog pe mox L& yeduuoTo

0% o° o oP

o

disp('Part2'")

000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000G0G0G0
N p .

% Part 2 IlpocBéocte BO6puUPo OTO ONuX

% TUPIANPOOTE TOV KOO LKA YLl Tn dnuloupyloa tou onuatog BopUfou n ue 1In

% Ponbela 1tnc ouvdpinong randn.

% O BopuPRoc n Ba mpémel va e€lval Tou [(dLou peyéBoug OInv NuLITOvVoE LdN

% KUPOTOUOPEN X TOoU HpOdTou pépoug. Acite help size.

% Txedldote 1o onupa Gopufou oto SLdornua oamd 0 fwc 0.2 sec xal KAlpaxka o€
% amd -2 fwc 2

% Ymodoyliote 10 meplLoddypappua Tou n Kol oxedl&oTe TNV TURKVOTNTA QACUATOC
% LoxUog 1tOoU onuatoc Bopufou.

% llpocBéote 10 ONpa BopUfou Kol TOo X VIx va Ad&Rete 10 onua pe 66pufo s.
% Txedldoate 1o OoNpa upe 66puPo s oto medlio tou ypdvou otnv meplLoxn 0 fwg
% 0.2 sec kol rAlpoxa amd -2 éwg 2 KABOC KoL TO oauelimieupo edopa Tou
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6¢ onu&twv
dLKa dnuLoupy

ITOANUTIACC LOIO1

Part 3.

%

2

.

Uc onuatog ouyxvotnIog

.

do

&oTe pe TO HmPONYOUPEVO ONUA S.

2

lag evdc nuitovoel

.

SUPIANPOOTE TOV KO

o
°

TTOAAQTIAQO L

100 Hz xol

o
°

{dLou pevyéboug kol vo ypnoiLpomolnBel

TOU

YL v OTOoLXEeLO IIO

EIIeE L vo gLlval

Bo mpé

* !

Ta o600 ofuoTo
O TeAEOTAHC

o
°

6.
o tou xpdvou otnv mepLoOXH

{ ANOTIACIO L OO

o
°

0.2 sec

Ewc

0

(o tng ouxvétnIog

ACTE TO AMNOTEAECUN OTO Ied

Ixedt

%

2

2 RoBOC Kol oOto medl

Ewc

2

5 =2
OLUOIO LOVTNG 11 OUuvidPTnon

(poka omd -

.

KoL KA

o
°

5 fftshift.

12
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