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2 TOIXEIQAHY-OEQPIA

Ag Sewpricoupe 611 £xoupe oty §1aBeor) pag v akoAoudn otoxactikr) dadikaoia:
P
X(n):ZAieJ"“”—I—W(n), n=0,1,---,M—1 (1)
i=1

pe A; = |A;le??, ¢, i = 1,2,..., P aouoyéuoteg tuxaieg petaBAntég opolopoppa
Katavepnpéveg oto [—, 7| kat W(n) Aeukdg yraouotaveg 96puBog Stacmiopds o3, .

LKomog pag etvat va ekuprjooupe ta |A;| wa w;, i = 1,2, ..., P xabog xat v da-
ortopd O']Z,V tou AguxkoU SopuBou.
« A. Ztoxaotikn Atabiaxkaocia ITpwtng Ta&ng:

TNV MePUTI®OT autr) 1 otoXaotiky dadikaoia da €xel tnv akdéAoubn popon :
X(n) = A&7 + W(n) = S(n) + W(n). 2)

Kal yla tnv akoAouBia autoouoy£tiong g otoxaotikng Siadikaoiag Sa exoupe:

rax(k) = E{X(n+k)X(n)}
= E{(A7") L W(n + k) (ATe 7" £ W(n))}
= E{|A[?“" £ W(n+ E)W(n) +
A TRW () 4 Ate IO (n + )}
= AP 1 02)6(k) 3)

‘Apa 10 PNTPWO AUTOCUCKETIONG NG otoXaotikng dadikaoiag, pmopetl va ypadet

®G aKOAOUO®G :

’I"X/\g(()) Txx(l) ’I”X/'\;‘(M—l)
-1 0 :
Ryx — rax(—1) rxx(0)
. . . Txx(l)
rax(=(M—=1) - rax(—1) rxx(0)
= Rss+ Ryww
= |AiPen(wi)ely(wi) + oy In 4)
orou
eM(wl) — [ ]_ efjwl 6723“-’"1 e efj(Mfl)wl ]h7 (5)

Rss éva pntpwo tadng 1 kat Ryyyy éva Saywvio pntpoo tagng M.
A6 g Zxéoeig (4) kat (5) teAdkd exoupe:

Rxxen(w1) = (M]A1|* + opy)en(wr) (6)



8nAadn to diavuopa g Lyxéong (5) eivar 161081dvuopa tou pnpoou Ryy pe
avtiototxn Woupr M|A;|> + 03,. Eniong, av ny, ng, - -+ , 0y eivat ta vriddota

1S1o061avuopata tou pnIpwou, yvepi{oupe ott:

<epy(wr),ng, >=0, m=2,3... M (7)

Enopévag, and tg (4) kat (7) naipvoupe:

RxaxNy, = 020, = Aplyn, m = 2,3, ..., M,
8nAadn) yia dAeg tig 1dotipég tou Ry v, EKTOG G PEYAAUTEPTG, £XOUNE OTL:
Am :012,\;, m=2,3,....M (8)
Kat anod ug (6) kat (8):
Mnaz = M1 = M|A; > + o3y, 9)

O alAyop1Bpog 1ou akoAoubel, EKTIPA TIG TTIOCOTTEG TTOU ETMOUPOUNE

1. I810-avdduon tou punipoou autoouoyetiong Ry y Kat eUpeon tng peyalutepng
18lotpng A1 Kat 1oV UroAoinav rmou yvepioupe and v Lxéon (6) ou eivat ddeg

10eg petady toug.

Enopévag:
02 = Apin, Kal (10)
1
|Al|2 = M()\maz_Amin) (11)

2. Eépoupe and ) Ixéon (5) ou epr(wr) eival 1o 1808iavuopa mou avuototyet

ot PEYL0oTn 1810TIHT) TOU PNTP®OOU AUTOCUCYKETIONG KAl ETTIOPEVRS
en(wy)[2] = e 991

Kal PIIOPOUE va XPNOTHOIIO|COULIE TV ITAPATIAVE OXEOT yid va Bpoupe 10 wi,
6nAadn:
wp = —jln(eM(wl)[Z]). (12)

EPQTHIEIZ

1. Twg propoupe va opiooupe tov Yioxmwpo tou Xipatog (Signal Space) kat
2. oG Tov Yrioxwpo tou Bopubou ( Noise Space);

3. Tlowog eivat Katd Vv yvoprn oag o poAog g tuxaiag petaBAnug ¢ ot Lxéon
(2);



4. Tt 9a dAAale OTOV UTOAOYIOPO IOV avAYKAI®V ITOCOTHI®V, av §ev UM PXE

autog o niapayoviag; Kataypawte avalutikd tig anoyeig oag.

5. YrioB¢ote ot elote oe 9€on va yveopidete 10 PNTPOO aUutoouoxETiong g Oto-
xaoukng dwadikaoiag. ITold katd v yvopn oag eivatl to eAdyioto péyebog

TOU UNTPOOU TToU 9a EIMTPEYPEL TOV UIMOAOYIOHO TRV AvayKaldy MoCoTHTeV; !

NAIAAIKATIA

1. ‘Aoknorn oto Matlab : YrioAoyiote to AAGT0g v oUuXvotnta Kat v draoropd
tou Aeukou JopuBou otoyaotkrg dadikaoiag ripatng tagng (6eg Zxéon (2) ),

HE UNTPOO AUTOCUCXETIONG :

Ryx =

3 2(1-7)
2(14 ) 3 '

2. Ynobéote ot Hev eiote oe 9¢on va yvepidete 10 PNTPmMO AUTOOUOXETIONG TG
otoxaoukng dadikaciag aAdd povo va 1o ekuproste ano éva aplpd N
Sdlapopetikev vdonomjoewv g (prkoug M Setypdtev n kdbe pia) ou oag
divovtat. ITotdg katd v yvopun oag eivat o podog tou M kat tou N ounv
EKTIINOT TV TIHOV TOV avaykaiov nocottev; Kataypawte avalutkd kat

Yepedivote, pe avapopd oe padbnpatikoug vopoug, v Aoy oag.
3. ‘Aokrnorn oto Matlab : Anpoupyriote N = 100 vdorowoeig (unkoug M = 50
delypata n kdbes pia) g akoAoubng otoyxaotikng Stadikaoiag:

X(n) = 3v2eIE"9) L W(n), (13)

émou ¢ tuxaia petaBAnt) opodpopda Katavepnuévn oto [—m, 7| kat W(n)
Agukog ykaouolavog 90puBog draortopdg 012,\, =0.5.
Xpnowporoote KAatdAAnAa Tig UAOTIOU)0E1G TG OTOXAOTIKEG dradikaoiag Kat
EKTIIIOTE :

1 tn otoxaotKn péon Ty

2 10 pnpwo autoocuoyétiong Ry x peyéboug 50 x 50
Xpnotoro|ote T0 MAPATIAVE UNTPOO IOV EKTIUNOATE KAl SN10UpYTOTE Td

axkoAouba mévie pnpoa:
Rxyx, v, M =2,10,20,---,50

peyéboug M x M avtiotorka.

TMa kabeva ano ta napanave pnpea M = 2,10, 20, -- -, 50:

! pisarenko, V. F. The retrieval of harmonics from a covariance function Geophysics, J. Roy. Astron.
Soc., vol. 33, pp. 347-366, 1973



1 Ymoloyiote, xpnowponowwviag kKataAAnAn evioAn tou Matlab, tig diott-

pég kat ta 1dodavuoparta :
Am, M = 1,2, aM
ey (wi), Ka

n, m=23,---,M (14)

avtiotolya.

2 Xpnoworotote KAatdAAnAa 1g 1810Tpeég Ay, m = 2,3, - - - , M 1ou uro-
Aoyioate kat ekupnote v daoropd 012,\, 10U AeukoU SopuBou. Txedia-
OTE TO 10TOYPAPA TRV ITAPATIAVE 810TIHOV KAl UTOAOYIOTE TG MPAOTNG
Katl 8eUtepng TASNG KEVIPIKEG POIEG T®V. LXOA1AOTE Ta arotedéopatd
oag.

3 Xpnowomnoujote ) Zxéon (11) kat tnv extipnon g dtaoropdag tou Jo-
pUBOU Kal EKTIPNOTE TO IMAATOG TOU ONPATOG. XXOAlAOTE TNV eKTipPnon
oag.

4 Opiote Ta akKOA0UDA TPIY@VOUETPIKA TTOAUMVUNA :
Py, m)(ej‘*’) :e}](/l(w)nm, m=2,3,---,M. (15)

5 Xpnotporowrote katddAnda tg M — 1 oxéoeig opboywvidtntag g Zxé-
ong (7) kat g pideg TV Mapardve MOAUGVUHP®V KAl EKTIPIIOTE TV OUXVO-
A Wi. LXO0AAOTE TV OO TA TN KT onNg oag. [og anopovooate
v pila nou oag evdiEpepe; Xpnoporowjote ) ouvdaptorn kmeans()
tou Matlab pe ta katdAAnAa opiopata. ZYX0Aldote avaAuTikda.

6 Opiote T1Ig aKOAOUOEG PNTEG OUVAPTIOELG

1

QMAm(ej“):—A,m:ZS,---,M. (16)
(2, m) [Pas, my (679)]2

6rou |Par, m)(e7*)| 1o pétpo tou m — ootou piyadikoy moAuevupou
P, m) (ej“’) g Zxéong (15). Zxediaote 1ig Mapandave ouvaptroelg Kat
KATAypayte ta OUPIEpAcatd oag.
7 Opiote v ako6Aoubn pntr) ouvaptnon :
1

Q") = : (17)

Z |]D(M7 m)(ejw)|2

m=2

n oroia artotedei v ouvaptnorn mou Baocilovial ol EKTINOELS TOU aA-
yopibpou MUSIC (MUILtiple Slgnal Classification). Zxediaote v napa-
AVE OUVAPTNOT KAl KATAypAyte Td OUPIEPAoHATd 0ag.

8 Opiote Vv akoAoubn pnir) cuvaptnon:

QY () = 1

M ‘
> o P, my (€72
m=2 """

) (18)



n oroia artotedel v ouvdaptnor mou Pacifovial ol EKTIPI0EIS TOU aA-
yopibpou EV(EigenVector). Xxebidote v Mmaparndve ouvdaptnon Kat

KAtaypayte 1a oUPIepdopatd oag.
TX0A140TE TV MO0 TA TV EKTPN0EOV oag Kabog to M audaverat.

4. EnavaldBete v napandave dadikaoia yla 51adopetikeég Tipég g 10XU0G

tou SopuBou 012,\, KAl KAtaypayte ta oUPIepAopatd oag.

 B. Ztoxaotkr Aadlakaoia P-ootng Tagng

Ag 9ewprjooupe TOPA TtV MEPITIOOT IOV 1] oToYXAoTiKy Stadikaoia ouvtiBetat and
P gpavtaotukd ekBetikd onpata. Lty MEPIIOOT AUt T0 UNTPOO AUTOCUCXETIONG
Ya €xet v akodoubn popoen :

Rxx = E(W)AE(w)" + 03,1

1) 1ooduvapa:

P
Rux = S |AlPenr(w)eli(w) + oyl
i=1
= Rss+ Rww (19)
orou:
P
Rss = Y |Ail’enr(w:)el(wi) (20)
i=1
Rwy = ‘712/\/[' .

Ao ug Zxéoeig (20), (21) eivat @avepod ou ta peyeboug M X M pnrpwa Rss kat
Ry etvat té&ng P xat M — P avtiotoika.

Ag unoBéooupie ermurAéov ot U elvat éva pntpmo rmou nepiExet ta idodiavuopata
TOU UNTPOOU aUTOCUOYXETIONG tng Zxéong (19). Tote, propoupe va X®PIiooupe
1o pntpeo U oe Vo tpfjpata. To mpoto, to oroio Sa cupBolicoupe wg Ug Sa
niepiéxel ta rpota P 18odaviopata kat Sa arotedei pia opBoxkavovikn Baon
TOU UTIOX®POU TOU ONPAtog Kat 1o eutepo, 1o ortoio Sa cupBoldicoupe wg Uy Sa
nieptéxetl ta vrtddowrta M — P 18odlavuopata kat Sa arotedei pia opBoravovikn
Baon tou untoxwpou tou opuBou. T'a ta WBrodiaviopata autd eivat mpoPpaveg ot

10XU0UV 01 aKOAoUBeg 0x€0elg opBoymVioTTag :

<ey(wi), uy >=0,Vi=1,2,... Pravm=P+1,P+2,..., M.
EPQTHIEIZ

1. Twg propovpe va opiooUNE OTNV YEVIKI] TEPITI®OT TOV YTIOX®PO TOU LI)ATOS KAl

2. TG 1oV Yioxwpo tou @opubou ;



3. Tlowog eival Katd v yvoun oag o poAog tov tuxaiev petabAnov ¢;, ¢ = 1,2, --- | P
ot Zxgon (17);

4. Ti19a dAAade otov UTIOAOY1010 TOU PNTPOOU AUTOCUCKETIONG, av eV NTav autég ot

tuxaieg petaBAntég aouoyetioteg; Kataypdyte avadutukda 11§ arioyelg oag.

5. YrioB¢ote ot eiote oe 9€0n va yvepilete 10 PNTPOO AUTOCUCYXETIONG TG OTOXAOTIKIG
dadikaoiag. Ilowd katd Vv yvopun oag eivat 1o eAdy1oto péyebog tou pntpmou
oU 9a ermTpEWPeL TOV UTOAOYIOHO TV avayKal®Vv Tocotntev ( §eg v aviiotoixn
£PATNOTN TOU PEPOUG A NG AOKNO0NG);

6. EUkola propoupe va doupe ot1, yevikd, ta duavvopata ey (w;), ¢ = 1,2, P
bev eivat 18061aviopata tou pnIpoou auvtoouoyetiong. Iloeg Sa mpémet va sivat
ot ouxvotnteg w;, ¢ = 1,2, -+, P yia va woxvet autd ; Kataypawete v andvinor)

0ag.
AIAAIKATIA

1. ‘Aoxknon oto Matlab : Yrodoyiote ta mAQTn, 11§ OUXVOTNTEG KAl TV S1a0Topd tou

Agukou JopuBou oroxaotikrg dadikaciag Seutepng TAENG pe 1o akOAoubo PNTPHOO

AUTOOUOYXETIONG
6 1.92705 — j4.58522 —3.42705 — 73.49541
Ryxy = 1.92705 + j4.58522 6 1.92705 — j4.58522
—3.42705 4 73.49541 1.92705 + 74.58522 6

Eivat @avepod o6t otny mepintoon auvtr) T0 povadiko 181061avuopa rmou avrKel otov

UnoX®Po tou dopuBou eivatl 1o uz. Apa
< es(w;),u3 >=0,i=1,2.

Av eTopEVRG 0piooUPE KAl ITAAL TO TPTYDVOUETPIKO MTOAUMVUO tng Xxéong (1), tote
01 ETUOUNNTEG OUXVOTNTEG PITOPOUV Vad IIPOKUYOUV ATld TOV UTOAOYIOHO TeV Pridv

10U TAPATTIAVe TIOAUGVUROU (eriBeBaidote). Lxebidote 10 akO6Aoubo mMOAUGVUHO:

1

) Jwy
Pine( ) = [Py

KAl KAtaypayte Ta OUPIepAopatd oag

2. YroBéote ott 6ev eiote og 9€on va YVePILETe TO NNTPOO AUTOCUOCXETIONG TG OTOXa-
oukrg Sadikaoiag aAdd poévo va 1o exktiproste anod éva aptdpo N dapopetikav
vdorotoewv ng (pnkoug M Serypdtev n xkabe pia) nou oag Sivovrat. I[oiog
katd v yvepun oag eivat o poédog tou M kat tou N otV eKTinon oV THOV
10V avaykaiov nocotitev; Kataypdyte avadluukd kat depedioote, pe avapopd

o€ pabnpatikoug vopoug, Ty Aroyr) oag.



3. Aoknorn oto Matlab : Anuoupyriote N = 100 vdorowjoeg (prikoug M = 50

Setypata n kabe pia) otoxaotikhg dwabikaociag g Xxéong (1) pe ta akdéAouba

XAPAKINPIOTIKA :

A; ! eI i=1,2,---,5 (22)

2i—1

w1 0.27

wa 0.4mw

w3 0.57

Wy 0.757

ws 0.8871 (23)

oy 0.75 (24)
orou ¢;, v = 1,2,--- |5 tuxaieg aouoyétioteg petaBANtEég opodPopha KATtavepn-

péveg oto [—7, 7| xar W(n) Aeukdg ykaouotavog 96puBog Sracriopdg 012,\, =0.5.

Xpnotporor)ote KatdAAnAa Tig UAOIIOW| 01§ TG OTOXAOTIKNG dadikaoiag Kat:

1 emavalddBete ) Sadikaoia TOU PAOTOU PEPOUG, HE TIS AVAYKAIEG TPOTTOIOL-

1)0€1g, KAl KATtaypayte ta OUPEpAcuatd oag.

2 Ypnoporoteiote H1aPopeTIKEG OUXVOTNTEG, KAl EKTIHUIOTE T POUAAEOTTA TOV

Bl1aPOPETIKOV TEXVIKMOV EKTINNONG T®OV Tapapetpev. Kataypdyte ta oupre-

paopatd oag.



