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e Juotiuata EAdxiotne daonc
e Juotiuata All-Pass
e Aldomtaon o€ eAaxlotng paonc kot all-pass




Wneuakn Eneéepyaocia Znuorog
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Wneuakn Eneéepyaocia Znuorog
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Wneuakn Eneéepyaocia Znuorog

* Aldypoppo Alavuouatwy —
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Wneuakn Eneéepyaocia Znuorog
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Wneuakn Eneéepyaocia Znuorog

* Ixéon Antokpiong MAdtoug kat Artokpiong daong

* EpwTtnua: UTIAPXEL KATIOLO OXECN METAEY TWV amoKploewv TAATOUC Kal daong evog MNXA
CUCTAMATOC TTOU TIEPLYpAdETAL WC pNTA cuvaptnon pLetadopac?

* EvaAAaKTkn dtatimwon: Unopel Kaveic va umtoAoyioel tnv anokplon ¢aong amo tnv
amokplon mMAAtouc? Av val, mote?

* MpaKTKOTEPN SLATUNWON: UMTOPEL KAVELC va uTtoAoyioeL Tn ouvaptnon petadopac H(z)

Qo TNV amoKpLon MAATOUC |H(ef“))|?

* H televtaia Statimwon mpodavwe Hog AEEL OTL oV (vl EHLKTOC LUTOC O UTTOAOYLOUOC, TOTE
UITOPOUE amo T cuvaptnon petadopdc va Bpoupe ta mavta ya eva dedopévo NXA clotnua

* To epwtnua Aowrov punopei va sravadiatunwdei (yia tedevtaio popd © ) we:
MrtopoUpe va BpoU e TOUC TTOAOUC Kal Ta NOeVIKA pac ouvaptnong petadopadc H(z)
QIO TNV ATOKPLON TTAATOUG |H(ej“)) | ?

* [oti av UmopoU e, TOTE UMOPOUKE Vo YVWwPILloUE Ta avTa Yo to XA cuotnua




Wneuakn Eneéepyaocia Znuorog

* Ixéon Antokpiong MAdtoug kat Artokpiong daong

*‘Eotw OTL pag divetal n amokplon MAATOUC Tou
OXNUATOG

* MmopoUpE Ue KaTola aopaleLla va
uTtoB€cou e OTL To SLaypappa
TTOAWV-UNOEVIKWY TIOU «YEVVAY
QUTH TNV amokpLlon mAdtouc daivetal
TIOLPAKATW

* MmopoUlE va TIOUE OTL

Hl(Z) — T
i 5~

KL apa Z

- |A|
|H1(e/?)| =

|ef‘“ — rej%”ef‘“ —re 'z




Wneuakn Eneéepyaocia Znuorog

* Ixéon Amtokpiong MAdtoug Kat ATtOKpPLONG
daong

* Ouwc Ba prmopoloe KATIOLOC VAL LOXUPLOTEL OTL N
dedopévn anokplon mAdtouc divetal amnod to
Staypappo moOAwvV-pndevikwy mou dpaivetat
TIOLPOKATW

® 3TNV MEPLMTTWON HOG EXOULLE

Hy(z) =

T
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H ejw =
|Ha (e7))] lojo — ot — vl

* [Tl LOYVEL OTL




Wneuakn Eneéepyaocia Znuorog

* Ixéon Anmtokpilong MAdatoug kat Alokpiong daong

* MopatnpnoTe OTL OpOL TNC LOPPNC — Zl Kol —— - €XouV To 6Lo pETpOo YA Z =

z~ 2_1—21\
jow.
’ 1 ‘/1 1 1

- = - - = - KOL -
|11 —zie7 /@] |e7I@(eJ® —zy)| |e/® — z4] le=J® — z7|

adoU oL OpoL EVTOC TOU HETPOU gival ouluyeic!

* ‘Etol, mpaypatt ta Suo cuoTApATA £XOUV TNV Wdla anokplon nAdtouc!

* ApoU opwe H{(z) # H,(z) mpodavwg & Ba £xouv TNV (Sla amokplon ¢aong

* To 6eUTEPO CUOTNMA EXEL TOUC TTOAOUC TOU OTLC oUIUYELS apoLBaiec OEoeLg Twy
TTOAWYV TOU MTPWTOU CUOTHATOC

* OL TTOAOL TOU TPWTOU CUOTHUATOG Bplokovtal otig BEoels (a, a™) kat Tou SeVUTEPOU

1 1
OUOTNHATOC OTLC BE0ELC (— Z)

* To ovotnua e€akoAouBel va gival TPy HATIKO KoL 0TI SUO TIEPLUTTWOELG




Wneuakn Eneéepyaocia Znuorog

* Ixéon Anmtokpilong MAdatoug kat Alokpiong daong

* Apa urtapxouv duo cuotipota H(z) pe tn 6edopévn amodkplon MAATOUC, Ta onola
Stadpepouv aodaAwc otnv anokpLon ¢aonc, cwota?

* AdBo¢g! ©

* MmnopoU e va oplooupe SUO aKOUO CUCTAMATA T oTtoial Ba €xouv Tov Evav TTOAO
EVTOC KOl TOV AAAO €KTOC TOoU povadlaiouv KUKAou, Kal ta omoia Ba €Xouv KL aAUTA TNV
(dLa amokplon rAdtouc!

® ...V XOAQPWOOUUE TNV OMaiTtnon Vo aVIAmoKPIivovTal O€ TPAyUATIKA cuoTthpata ©

* Elvatl AoLmov oadEC OTL N yvwon TN amokpLong MAATOUC Kol Tou TARBoucg Twv
TTOAWV-UNOEVIKWYVY TNE ouvaptnong petadopac o pag e€aodpaiilel tTn pLovoonuovn
yvwaon th¢ ocuvaptnong HLetadopag

® _..KOL KOTA CUVETIELA TNC amtOKpLlong daong

* Ac O€00ULE OTTOTE EK VEOU TO EpWTNUOL: TL YpELlaleTal va yvwpilouuE ETIMAEoV yLa
VO UTTOPOUUE pHovooHUavTa va eEYOUUE TN CUVAPTNON UETAPOPAS OO THV
anoKpLon rAartou¢ kot to mANYo¢ Twv NOAwv-Unbdevikwv?

* XpelAleTal va TLEPLOPLOOUE TLC ETULAOYEC MaC OTLC OEOELG TWV TTOAWV-UNSEVIKWV!




Wneuakn Eneéepyaocia Znuorog

* Ixéon Anmtokpilong MAdatoug kat Alokpiong daong

* Tt xpetaletatl va yvwpi{oule EMLMAEOV yLa vat UTTOPOULLE UOVOOHUAVTA VO
géayouue Tn ouvaptnNon HETAPOPAC QATTO TNV AMOKPLON MAATOUC KAt To TARY0¢ Twv
NOAwvV-undevikwv?

* H yvwon tou TANB0oUC Kal TwV OXETIKWV OE0EWV (EVTOC/EKTOC HOV. KUKAOU, KATT) TWV
TIOAWV Kol TwV UNOEVIKWY, KABwWC Kal TNE arokpLlong MAATOUC opilel povoonpavio Tt
ouvaptnon Letadopag

* Lot €éva cUOTNUOL EVOTOBEC KOLL OLLTLOLTO TIOU EXEL KOL EVCTAOEC KOLL OLLTLATO
avtiotpodo, OAoL oL TtoAoL Kat OAa ta undevika Bpilokovtal evtog tou povadiaiou
KUKAOU : oUotnua eAaxtotng ¢aong

® KatL teAevtalo...

* To mAnBo¢ MOAwV-UNdevIkwy gival amapaitntn yvwon, pall pe tnv anokpLlon
TTAALTOUG;

* Nat! O Aoyoc eival otL pmopel kaveic va mpooBEoel amepouc mMOAOUG Kal NSEVIKA
Xwpic va aAdowwaoel kaBoAou tnv amnokpion mAdtouc!!

* Nwg? MNoAamAaotalovtag ta t€écoepa H(z) mou eidape pe 0poug tng Lopdng

z 1l —qa*
Hap(Z) =

1—az 1




* 2xéon Andkpiong MAdtoug kat Artokpiong aong

z 1l —q*

Hap(2) = 1—az™1

* TL ouveloPEPEL O AP ATIAVW OPOC OTNV ATTOKPLON TTAATOUC?

z7l—a* e /P —qg* e /P (1 —a*el?®) 1—a*el®
1—ae /o

R Im{z}

1—az™1 o |1—ae 1—ae @

* (Mnb&eviko, moAog) = (ai, a) <:I TuluyEc apotBaio Zevyog

* Artelpal TeTOL {eVYN TIOAWV-UNOEVIKWY SeV
aAAOLWVOUV TNV amokplon mAdtouc!

* AAowwvouv acdaAwc TNV anokpon ¢aong

* Tétola cuotApata ovopalovtal all-pass
cuoTAMaTO

®* Qo TO LEAETNOOUUE OTN OUVEXELL

* MMoAAEC PopEC _uaqzé'tverat TO TETPAYWVO TNCS ATIOKPLONG
TTAOITOUG |H(ef“’)|

* MmntopoUpe va e€dyoupe tAnpodopiec amod avto?




* 2xéon Antokpiong MAd&toug ko Anokpiong Maong
*‘Exoupe

1) = H(eI@)H (/) = H(eI@)H" <L> _ HH (})

z=eJ®
* Apa Qv

H(z) = MY_1(1 — brz™b) e ( 1> _ [Y_,(1—biz)

M (1 —cpz™h) M.(1—ciz)

Z*

TR (1 = bz (1 — by 2)
H@I" = M (1—cz- D) (1—c2)

2 HII¥=11+ |bk|2 —2|bk|COS((I)—Lbk)
|H(2)| =
z=el®  [le=11+ lckl? = 2|ck| cos(w — 2£cy)

* Mo kK&Be oMo z = ¢}, Tou cuothuatog H(z), umdpyxet £vag akoun mohog z = Ci oto |H(2)|? kot yia
kaBe undeviko z = by, Tou cuotipatog H(z) umdpyeL €va akOpun UNSEVLKO Z =ki* oto |H(2)|?

k
* To |H(2)|? 8L0BéteL ouluyr apoBaio Zevyn mOAwY, OAAG KO LNSEVLKWY

14 I 14 I I I I 1
* To éva otolyeio Tou K&Be Levyouc oxetiletal pe to H(z) kat to dAAo ototyeio pe to H* (—)




Wnpaxn Enséepyaoio Znuotog

* All-pass Zuotipata

N N .

Z) = = e = - —
1 Il —a,z 1 |1 —a,e @]
k=1 k=1

* MMoAoc-undeviko ouluyn apolPaia: (ak,i*) = (rkejek,riejek
k k

° [La TTPOYLOTLKI) KPOUOTLKH QTOKPLON

« N2 -1 * -1
— by, (z7h —dp)(z " —dy)
11 (1-drz H(1 —-dpz™1)

* [Llot cUOTNUO TTPWTNCG TAENG, UTToPEL va SeyBel oTL N amokplon paong ivat

rsin(w — 0)
1—1rcos(w—0)

AH(ej“’) = —w—2tan" !




Wnpaxn Enséepyaoio Znuotog

* All-pass Zuotipata

* KnBuotépnon opadog

ard[H(e/®)] = ———

1+ 7r?2— 2rcos(w — 0)

* Av H(z) svotaBgc kat attiato (r < 1) tote grd[H(ej“))] >0

° Av grd[H(ej“))] >0= AH(ej“’) <0 0<w<m

* Amokplon ¢aong pun-0etikn!

* Awtiata all-pass cuotipoata €xouv ntavta Btk kaBuotépnon opadac!

* AUTO oNUOLVEL OTL UITOPOUV VO KABUOTEPOOUV CUVLOTWOEC OTEVNC {wVNG TNG
€10060U ToUuC XWpPLc va emnpedoouV to MAATOoC Tou !

* Mou eiyape &L KATL TTOPOLLOLO;
® TNV mMPwTtn pog culntnon ywa tnv kabuotepnon opadag!




Wnpaxn Enséepyaoio Znuotog

* All-pass Zuotipata

Mirpo tou Metaoy. Z, |H(z)| Aidypappa MoAwv-MnBevikwy Amokpion MAdroug
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Wnpaxn Enséepyaoio Znuotog

* Ataonaon o€ EAdaxiotng @aong kaw All-pass Zvotipata

* ATtO OAQL TOL cUCTAMATO ME TNV WOLla amokplon mAdtouc, Wlaitepo evbladépov
napoucoLlalouv ta cuotripata eAaxiotng ¢paong

* Eival attiatd kot evotadn, KL €Xouv eVOTABEC Kal altlato avtiotpodo cuoTnua

* ‘Eva omowodnmote NXA cuotnua pe pnti ocuvaptnon Hetadopac umopei va ypadet wg
YLWWOLEVO €VOC ouoTnHaToC eAaxLlotne paonc pe éva all-pass ocvotnua

* Me aAla AoyLa, amo eva 6edouévo cUOTNHA UITOPOULE TIAVTA VoL EEAYOUE Eva cUOTNMA
e\axwotng daong
* AnA. éva clotnua Ue TNV dLa amokplon MAATOUC, TToU va €XEL OAOUC TOUC TTOAOUC Kal T
UN6evIKA evtog povadlaiou KUKAou!

* [ TNV anokplon ¢paong Ba pAfcoupe apyotepa... ©

* Oa pelvoupe Kupilwe ota evotadn Ko attiatd MNXA cuotApata...
® ... OV KOL TO CUMTIEPACA LOYXVEL yLa KABe cuotnua pe pnti H(z)




Wnpaxn Enséepyaoio Znuotog

* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

H(z) = Hmin(Z)Hap(Z)

* ATIO TNV MOPATIAVW OXECN AUECO TIPOKUTITEL:

|H(ejw)| — |Hmin(ejw)||Hap(ejw)| - |Hmin(ejw)|

W) — W W
¢H(e/?) = LHpn(e7?) + £Hyp, (7))
ITapayovrtonoinon I'XA YvothApatog os EAdyiotng ®dorng xou All-pass

L. ‘Ohot ta undevixd tou H(2) mou PBeioxovton extog tou povadiofou xUxhou avtixatontpilovial eviog
ToU povadLaiou xUxhou, ota ouluyr| apoBoia undevixd. H ouvdptnor yetagopdc mou TeoxinTeL Etvou
eAdo NG PAONC, Himin(2).

. To all-pass cuotnua emhéyeton €ToL HOoTE Vo avTXATONTEILEL TO XATHAANAO G0UVOLO amd Undevixd
T0U Hpin(2) mé Eavd extdc tou povadiaiou xOxhou. AvayxaoTixd, ot téiol tou all-pass Yo tpénel
va. eloayYouy ¢ undevixd oto oloTua Ao TG PAoNg Yo va oy Vet 1 Tedn Tne Sldonaong Tou
AEYX00 CUCTHUATOC OE YIVOUEVO DUO CUCTNUATOV.

. 'Otay €youge XATUOXEVAOEL TIC OUVISTACEL PETUPORES Hipin(2) %o Hyp(2), eréyyouye av to all-
pass efvan povadiofac amdxelone TAdTouc. Av OyL, T0 UETUTPETOUYE OF TETOLO, XOL UETAPEPOUNE TNV
onola otadepd ntpoxilel 0to GhoTNUA EAGYIO TN PAOTL.




Wnpaxn Enséepyaoio Znuotog

* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

H i (2)




Wnpaxn Enséepyaoio Znuotog
* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota
* Napadeyua:

O Bpeite To cuotnua eAdxlotng $AonC OV AVILOTOLXEL 0TO cUoTNUA
1—2z71

(1-0.2z"1)(1—-0.7z71) Hein (2

2(2—2)

H(z) =

H®




Wnpaxn Enséepyaoio Znuotog

* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

* Napadeyua:

__ZF -3
(o2 )(t-03 2

, [2lv0x

l=z[>0.%




* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

* Napadeyua:

¥,

MeiTpo Tou Metaoy. Z, |H(z)]

o
e =
e
ol e Pl
"‘4'.“,;"'-@‘

oo,

z
L ot P
e
e i, 'y,
£l o,
¥,

S

Aiaypappa MoAwv-MnBevikwv

1.57
1l

Imaginary Part
= o
g = thh o o

Real Part

Atmrokpion MNAdroug

Amokpion ®dong

0
ZuyvornTa w

KaBuoTtépnon Opadag

ZuyvoTtnTa w

ZuyvotnTa w




* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

* Napadeyua:
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Wnpaxn Enséepyaoio Znuotog

*Map



Wnpaxn Enséepyaoio Znuotog

* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

* Xpelaletal anapaitnta kabe popd 6An avtn n (eVkoAn pev, xpovoBopa 6¢)
Stadlkaoia yia tnv eVpeon evoc minimum phase cuotApATOC?

* Oyl ©

* EiSape vwpitepa OtL évac 6poc 1 — az~ ! pe a ektdg povadiaiouv kKUKAOU pnopet va
«koBpemtioTel» €VtOC, otn oculuyn apotlBaio 6€on, Tou povadiaiov KUKAOU e Xprion

Tou 6pou z~ 1 — a*

* Mua tetola kivnon AEN aAAaleL tnv amokplon ntAdtouc (slide 9 avtnc tng dtaAeénc)!

* OnoTe yLa TNV eVPec Tou Minimum phase cUOTAUOTOC apKEL VoL AAAAEOULLE TOUG
dpouc 1 — az~ ! ektd¢ povasdiaiov kOKAou pe dpouc z~1 — a* (avayKaoTIKA EVTOC
pnovadlaiouv kUkAou) !!




Wnpaxn Enséepyaoio Znuotog

* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota
* Napadeyua:

O Bpeite to ocloTNU s)\axtotnq $Aonc mou avILoToLKEL 0To sUoTNA
(1-0.8z"1)(1+9z7%)

,\» _ .
&Q{)f\) (1—-0.81z72) / jc‘f‘vj'“‘* '

hz) = (’k—o.zz“)OJrﬁ z“)({—J'}z“)
(4‘ Q.9 Z-_‘>(1+C).3{'>

Aew

0. (=)= (U-o033)(FL 3) (z‘ksj)
(t-o3s 2“')(1 +0.5 2")

e [zl> 09, aereds & cavans.

Sipesre oo (s b (Ruiale =] ()] |




Wnpaxn Enséepyaoio Znuotog

* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

Hiz) — (z-03)(Z°+9) l=z(»03

2 (2% 0.31)
O Bpeite To cuotnua eAdxlotng $AonC OV AVILOTOLXEL 0TO cUoTNUA

(1-0.8z"H(1+9z7%)
(1—081z-2)

* Napadeypa - emiPefaiwon:

H(z) =

(2)

H min




Wnpaxn Enséepyaoio Znuotog

* Ataomaon o€ EAdayiotng Paong ko All-pass Zuotipota

* Napadeyua:

v —
\ 3
Onc"(& \ ~ ~

(z7' —d)(z™ —dy)

— -1 — d*>—1
| lad=dzna-daz

How (&) = (- 3)(j3) - (1 032 )(1-3;2")(1+3 J*> |zl > 0.9

(1-09x7) (1+0.82")

— (o3 )= (& _Jz)

(1-0.53)(1+0535")
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z +"§J \2|>_L
\ ) s
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Wneakn Eneéepyaoio Znuatoc




