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Heasb padoTsi: u3yunth Metoj npoektupoBanus KNUX-punbtpoB ¢
UCIIOJIb30BAHUEM OKOH, MOJIYYUTh IMPAKTUKY IO aABTOMATU3HUPOBAHHOMY
npoektupoBannto KU X-dunerpos B makere MatLab.

Teopernyeckasi yacthb

B obmiem ciydae mpoiiecc padoThl IUCKPETHOTO (UIBTpa OMUCHIBA-
€TCsl Pa3HOCTHBIM YPaBHCHHUEM:

2 a:y(k=¢)=2 bx(k-n), (1)
£=0 n=0

rae depe3 X u Y 0003HaueHbI BXOJHAS U BBIXOJHAS ITOCIIEI0BATCIHLHOCTH
COOTBETCTBEHHO; K — &, K —7 - HOMepa 0TCUETOB MOC/ICAOBATEILHOCTCH;

a: u b, — BemecTBeHHbIC KOIDDUUMEHTBL.
Jlannas ¢dopmysia Ha3bIBa€TCS ypaBHEHHEM IUCKPETHOW (UiIbTpa-
1117078

[Ipenpiaymme OTCYEThl BBIXOJHOIO CUTHAJA MOTYT U HE MCIOJIb30-
BaThCA. Torga npu npuHATHU 8, =1 ypaBHeHue punpTpanuu (1) mpumer

CJIECIYIOIINN BU/I:

y(k) = Zmlbnx(k 1) )
n=0

KonnuecTBO UCHOIb3yeMBIX IMPEABIIYIINX OTCUYCTOB M BXOIHOM I10-
ClIeJIOBaTeILHOCTH HasbiBaeTcs mopsakoM duiabTpa (filter order).
Ha pucyHnke 1 npecTaBicHa CTPYKTypHas cXeMa, pean3yrorias aj-

roput™M ¢unbTpanuu (2). OTcuersl BXOAHOTO CUTHAJIA, YMHOXEHHbBIE Ha
koaddunmentsl b, , cymmupyrores, GopMupyst OTCUET BBIXOIHOW ITOCIIE-

noBateabHOCTH  Y(K). DIEMEHTBHI, OCYIISCTBISIONINE CAMHUYHYIO 3a-
JIEPIKKY IO BPEMEHH OTCUYCTOB BXOJIHOI'O CHTHAja 0003HAYCHBI Ha CTPYK-
TYpHOI cXeMe uepe3 Z', uro CBSA3aHO C W3BECTHBEIM CBOMCTBOM Z-
npeoOpa3oBaHusl.

B ypasuennn (2) 3uauenne orkmuka Y(K) 3aBucut tombko ot X(k)
U OPEIbIAYIIMX OTCYCTOB BXOIHOIO CHIHAaja. BCeACTBHE OTCYTCTBHUS

oOpaTHBIX CBsi3el Takue (PUIBTPHI HA3BIBAIOT HEPEKYpPCUBHBIMH (NONre-
cursive).



Kosdduuuentsl b, sBIAIOTCS OTCUETAMH UMITYJILCHOM XapakTepy-

ctuku punbTpa. IMiyabcHas XxapakTepuCTHKa HEPEKYPCUBHOTO (GUIbTpa
KOHEYHOW JITUTENbHOCTHU, IO3TOMY HEPEKYpPCHUBHbBIE (DUIIBTPHI HA3BIBAIOT
Takke QuiIbTpaMu ¢ KOHEYHON MMMYJIbCHOM xapakTepuctukon — KMX-
dunerpamu (finite impulse response, FIR).

Jroboit  KUX-buneTp ABISIETCS yCTOWUYMBBIM, T.K. MPOBEpKa Ha
YCTOMYMBOCTh CBOAUTCA K CYMMHUPOBAaHHIO KOHEYHOT'O YKCIIA OTPAHUYEH-
HBIX ciaraeMbiX. Takoil (UIbTp BCErja MOXHO clenaTh (U3HUYECKH pea-
JIU3yEMBIM, BBEIII HEOOXOJIMMYIO 3aJ€PKKYy UMIYJbCHOM XapaKTEepUCTH-
k. KUX-bunbtpel no3osiaoT obecneunts JuHeiHyo ®UX, a cienoa-
TEJIbHO, MOCTOSTHHBIE (HE 3aBUCSIINE OT YAaCTOThI) FPYIIIOBYIO U (ha30BYIO
3ajiepKKu. i1 3T0ro HeooxoArMa JIMIb CHMMETPUS UMITYJIbCHOM Xapak-
TEPUCTUKH.
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Pucynok 1 — HepexkypcuBHbiit GUiIbTp

CymectByer MHOTO crioco0oB cuHTe3a KUX-punabTpoB ¢ 3agaHHON
YaCTOTHOW XapakTtepucTukoil. Hambosee mpocToil U3 HUX — MPOEKTHUPO-
Banne KUX-punbTpoB ¢ nuHelHON (a30il ¢ UCMOIB30BAHUEM BECOBBIX
byHknuii (okoH). PaccMoTpuM MeTon B3BemIMBaHMS OoJiee MoapOoOHO.



YactoTHas xapakTepucTtuka (QuibTpa — Nepuoauyeckas (QyHKIUs
Y4acTOTBI (® C MEPUOAOM 27T, €€ MOKHO Pa3ioXuTh B psg Dypbe, Koapdu-
IIUEHTBl KOTOPOTO SIBJISIIOTCS OTCUETAMH HMITYJILCHOM XapaKTepUCTUKHU
bunpTpa, TO €CTh:

H(E“)= 3 h(n)-e ", 3)
e h(n) = i];"' (e'”)-e'“"dw. (4)

Ha pucynke 2 npencraBieHa UMITYJIbCHAs XapaKTEPUCTHUKA HCaTb-
HOTO (PUIBTPA HIKHUX YaCTOT C 4aCTOTOM cpe3a e = 1,2.
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PucyHok 2 — ImnynbCcHast XapakTepUCTHUKa UACAIbHOTO (GUIIbTpa
HIDKHUX 4acTOT

[TocnenoBaTeIbHOCTh OTCYETOB MMITYJIbCHOM XapaKTEPUCTUKU Oec-
KOHEUHOW JuTenbHOCTH. Jliia monydeHusi (U3MYECKU PEean3yeMOro
K1 X-¢punbrpa 3ajaHHOTO TOPSIKA 3Ta TOCJIEI0BATEIIbHOCTh YCEKACTCS —
13 Hee BHIOMpAETCS IEHTPAJIbHBIN ()parMEeHT HY>KHOU JIJTUHBI.

[IpocToe yceueHune mocie10BaTeIbHOCTA OTCYETOB UMITYJIbCHOM Xa-
PAKTEPUCTUKNA COOTBETCTBYET HCIHOJIB30BAHUIO MPSMOYTOJBHOTO OKHA.
N3-3a ycedyeHHs mepBOHAYaJIbHO 3aJaHHAsi YaCTOTHAasT XapaKTEpUCTHKA
VCKa)KAETCS — OHA CBOPAYMBAETCS CO CHEKTPOM OKHA. B pesynbrare mo-
SIBJISIFOTCS TIEPEXOJIHBIE TMOJOCHI MEXAY OO0JACTAMHU MPOMYCKAaHUS U 3a-
NepKuBaHus, HaOMoAal0TCs Kojebanus KoddduimeHTa mnepeaadyd B IMo-
Jocax MpOIYyCKaHUA, a B Iojocax 3anaepxkuBanusa AYUYX, kak mpaBuiio,
npuoOpeTaeT JENeCTKOBBIM XapakTep.



Ha pucynke 3 n300pakeHbl ujcanbHas U anmnpokcumupoBanHas 50-
IO MOpsAKa YaCTOTHBIC XapaKTePUCTUKU (UIbTpa HIKHMX dacToT. Kak
BUJIHO U3 PUCYHKA MpocToe ycedeHue psjga Oypre mpuBeino K MOsSBICHUIO
MEePEXOIHBIX TOJIOC, BHIOPOCOB U MYJIbCAIMI OMPEIeIEHHOTO YPOBHS /10 U
MOCJI€ TOYEK pa3pbiBa B alllIPOKCUMUPYEMOMN YaCTOTHOU XapaKTEPUCTHKE,
00yCIIOBJICHHBIX siBJeHUEM [ ' nb0ca.
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PucyHnok 3 — aeanbHas v anmpoOKCHUMUPOBAHHAS YaCTOTHBIE
XapaKTePUCTUKHU (QUITBTPA HUKHUX YaCTOT

CyIIHOCTh TPOCKTUPOBAHMS (PHIIBTPOB MPU IOMOIIUA OKOH 3aKIIIO-
yaeTCcs B 3aMCHE MMIYJIbCHOM xapakrtepuctuiku h(n) dynkmuerr h(n) c

LEJIbI0 YMEHBIICHUS MYJbCAUKA MIPU ANITPOKCUMAIUA YACTOTHOM Xapak-
TEPUCTHUKHU.

ocienoBatenbHocTh  N(N)  BBIUMCHISETCS KaK  HPOM3BEICHHE:
h(n) =h(n)-w(n), ()
rae W(N) — BecoBast GyHKITUS, HITH OKHO.

Paccmotrpum ocHoBHBIE BB N-ToueuHbIX OKOH (N — HeueTHoe),
ucnoib3yeMbix npu cuHTeze KUX-hunbtpos.

B YaCTHOCTH, IPAMOYTOJIbHOC OKHO MMECT BHU/I.

1, ecmu \n\ < E,
2

(6)

w(n) =
0, o2 ocmanvuvix N.



OxHo XaHHa.

0,5-(1+ cosz—mj, ona 0 <|n| < N -
w(n) = N -1 (7)

0, ona ocmanvuwbix N.

OxHa XPMMHUHTA.

054+0,46c05 ™ ons0<[nj< N2,
N -1 2

w(n) =

(8)

0, ona ocmanvHwbix N.

Oxno birkmana:

27N 4zn N -1
w(n) = O,42+O,5cosN—_1+O,08cosN—_1,aﬂﬂOs\n\sT, 9)
0, ona ocmanvHbix N.
TpeyrojgbHOE OKHO:
2| 1
- <
w(n) = N_ 1 eciu \n\ < , (10)

0, o1z ocmanvHbix N.

[IpousBenem  pacuer paccmarpuBaemoro KHUX-punbtpa ¢
VCII0JIb30BaHUEM OKHA XaHHa.

['paduk BecoBoil (yHKIMM HJisi OKHa XaHHA NPUBEJICH HA PUCYH-
ke 4.
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Pucynok 4 — I'paduk BecoBoii pyHKIMK OKkHA XaHHA



AUX oxna XanHa B JorapupmMuueckoMm macitade (B aenudenax)
UMeEeT BU/I, N300paKEHHBIN HAa PUCYHKE 5.
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PucyHOK 5 — AMIUTATYIHBIN CIIEKTP OKHA XaHHA B
Jorapu(pmMuUecKkoM MaciiTade

Ha pucyHke 6 npencrtaBiieHa B3BEUIEHHAs UMITYJIbCHAS XapaKTEPH-
CTUKA PUIbTpPA, MOJYyUYECHHAs C UCIIOJIb30BAHUEM OKHA XaHa.
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PucyHok 6 — B3BenieHHas UMIyJIbCHas! XapaKTEPUCTUKA PUIbTPa

Psn @ypre ¢ kordPuiineHTaMu B3BEIIEHHONW UMITYJIbCHOM XapakTe-
PUCTUKH, JIyUIlIe allPOKCUMHUPYET YaCTOTHYIO XapaKTEPUCTUKY (PUIIbTpA.
['paduku Tako anmmpOKCUMHUPOBAHHOM M HACATbHONM YAaCTOTHBIX Xapak-
TEPUCTUK U300paKEHBI HA PUCYHKE 7.



Hiea)

Hie) |

0.5

-n 3 -2 -1 0 1 2 im

Pucynok 7 — neanbHas U animpOKCUMUPOBAHHAS YaCTOTHBIE
XapaKTEPUCTUKHU (DHIIbTPA HUAKHUX YACTOT

B 3akirodueHue OTMETMM, YTO NPU CMEHE HCIOJIb3YEMOTO OKHa O/I-
HOBPEMEHHO MEHSIOTCS YPOBEHb OOKOBBIX JIEIECTKOB, IIMPUHA MEPEXOI-
HOM 30HBI MEXKJY IIOJIOCAaMHU IPOITYCKaHUs U 3aCpKMBAHUs, UHTCHCHUB-
HOCTh myJnibcannii AUX ¢unsTpa B nojoce npomnyckanus. [IosTomy BbI-
OWpaTh OKHO CIEQYyeT HCXOJsi W3 MOJHOIO KOMIUIEKCAa TpeOOBaHUM,
OpeIbABIAEMbIX K TapaMeTpaM (pUibTpa.

Tak kak JaHHBIM METOJ HE 00ECIEeUYMBAET TOYHOI'O COOTBETCTBUSA
UCXOJHBIX U PACUETHBIX JAHHBIX, IPU HEOOXOJAUMOCTH KOPPEKTUPYIOT-
Csl 3HAYEHHUsI YacTOT cpe3a W mopsiaka GUiIbTpa U pacyeThbl MOBTOPSIOT-
Cl.

B mporpammuaoM komiuiekce MatLab wmeercst GombIiioe Konmye-
cTBO GyHKIMI cuHTe3a qucKpeTHbIX KM X-punsTpoB. bosbiias ux 4acth
HaXoAWTCS B nakere pacmupenus Signal Processing.

B Tabnuue 1 npencraBnensl Qynkunu pacuera KUX-puiasTtpoB B
nakete Signal Processing [4].
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Taomuna 1
®dyukiun pacuera KUX-punerpos B makere Signal Processing

Dyukuusa | YacToTHas XapaKTepUCTHKA Metoa cuHTE32
firl MmuoromnonocHas AUX, nmuneii- | O6paTHOE MpeoOpa3oBaHUe
Hass OUX Dypbe C UCTOIB30BAHUEM OKOH
fir2 Kycouno-nuneitnas AUYX, nmu- | O6paTHoe npeobpa3oBaHue
HeHas OUX dypbe C UCHOIB30BAHUEM OKOH
firls Kycouno-nuneitnast ¢ nepe- MunuMu3anms cpeIHeKBaIpaTh-
XOIHBIMH TToJIocamMu AUX, nu- | yeckoil omuoKu
HeviHasg OUX
fircls Kycouno-moctostaras AUX, MuHuMH3aIus CpeTHEKBAIPATH-
muHerHas OUX YEeCKOU OLIMOKU ¢ OTpaHUYEHUEM
MaKCHUMAaJIbHOTO OTKJIOHEHUS
fircls1 ®HY, ®BY, muneinas UX MuHuMH3aIus CpeTHEKBAIPATH-
YECKOH OIIMOKU C OTpaHUYCHUEM
MaKCUMAJIbBHOTO OTKJIOHEHUS
firrcos OHY KocunycounnanbHoe criiaxxuBaHue
firgauss ®HUY c rayccoBoii popmoii CBepTKa HECKOJIbKMX OJIMHAKO-
UMITYJIbCHOM (CI€A0BATENbHO, | BBIX MPSIMOYTOJIbHBIX UMITYJIbCOB
YaCTOTHOM ) XapaKTePUCTUKH
intfilt ®HY, muneinas OUX MuHuMaKkcHast anmpOKCUMAITUs
remez Kycouno-nuneninas c nepe- MuHuMakcHas: annpoKCUMAaIIUS
(firpm) XOJTHbIMU ToJlocamu AUX
muHeHag OYX
cremez Kycouno-nuneiinas ¢ nepe- MunuMakcHas annpoKcuManus
(cfirpm) XOJHBIMM mojiocamMu AUX

Kpome nepeuncnennbix ¢pyHkuuii B makere Signal Processing nme-
ercsa nporpamma fdatool (Filter Design and Analysis Tool), peanuzyroiast
rpadudeckuil UHTEpQEnc s pacueTa PUILTPOB U MPOCMOTpPA UX XapaK-

TEPUCTHK.

B Ttabmuue 2 npexacraBieHbl (pyHkiuu pacuera KUX-puiabTpoB B

nakere pacmmpenus Filter Design [4].
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Tabmuna 2
®dyukiuu pacuera KUX-bunstpoB B makere pacmmpenus Filter De-
sign
Dyukumsa | YacToTHAs XapaKTepHUCTHKA Metoa cuHTE3a
gremez Kycouno-nunennas c nepe- MuHuMakcHasl annpoKCUMAaIUS
(firgr) X0THBIMU Tostocamu AUX
firlpnorm | Kycouno-nuneitnas ¢ nepe- MuHuM#3aIus P-HOPMBI OIIHOKH
XOAHBIMU nojiocamu AUX
firceqrip | ®HY, ®BY MuHHMaKCHAas anmpOKCUMAIIHS C
JOTIOJTHUTEIFHBIMU OTPaHUIHHU -
MU
firhalfband | ®HY, ®BY c gacroroii cpeza, | MUHUMaKCHas alllpOKCUMAIIUS
PaBHOM MOJIOBUHE YaCTOTHI WM o0paTHOe TpeoOpa3oBaHue
HaiikBucra Dypbe ¢ UCTIOJIB30BAHUEM OKOH
firnyquist | ®HY c gactoToii cpe3a, B 1ie- | MUHUMaKCHas allpOKCUMAIIUs
JI0€ YUCJIO pa3 MEHbIIEH Ya- WM 00paTHOE MpeoOpa3oBaHue
crotsl HalikBucra Dypbe C UCTOIB30BAHUEM OKOH

PaccMoTpumM 0Oosiee moapoOHO aBe GyHkuu u3 makera Signal Pro-
cessing, peanmsytonue MeTon TpoektupoBanus KUX-GuibTpoB c ucC-
nojp3oBaHueM OkoH: ¢yHkmmio firl, mpeaHasHayeHHYIO s CHHTE3a
MHOTOIIOJIOCHBIX (GWIbTpoB, U QyHKIWIO fir2, mpennasHaueHHYIO TSI
CUHTE3a (PUIBTPOB C MPOU3BOJIBHOW KyCOUHO-THMHENHON AYUX.

dynkous firl

Gdynknms  firl  npemHasHauena  JuIs pacueTa  TOJIOCHO-
nponyckaromux KUX-punstpoB ¢ nuneiiHot @YX, B TOM yuclie MHOTO-
nosocHeIX (Mmultiband), meTomom o6parHOTrO TpeoOpazoBanuss Dypbe ¢
UCIIOJIb30BaHUEM OKOH. OOpaliieHue K Hel UMEET BUI:

b= firl(n, Wn, "ftype’, window, 'normalization’).

3neck b - BexTop xoadppurmentoB KNX-dumsTpa.

N - MOPSIOK pacCUUThIBaeMOro GuibTpa (€ro UMIyIbCHAs XapaKTe-
pucTHKa OyJeT cojaepkaTb N+1 HeHyJIEBBIX OTCUETOB).
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[Tapamerpsr Wn u 'ftype’ (MoXkeT OTCYyTCTBOBATH) COBMECTHO OTIpe-
JEJSI0T TUI CUHTE3UpyeMoro (puiibTpa M €ro 4actoThl cpesa. HacToTsl
cpes3a 3aJar0TCs HOPMHUPOBAHHBIMU K 4vactoTe HalkBuCTa, TO €CTh HX
3HAYCHMS JTOJIKHBI JIexkaTh B quana3one or 0 mo 1 (BeauumHa 1 cooTBeT-
CTBYET MOJIOBUHE YaCTOThI JUCKPETU3AMMU). 3HAYEHHUS ITUX MAPaAMETPOB
3aBUCAT OT TUNA QUIbTpa:

e ®HY: Wn —gactora cpesa, mapametp 'ftype’ orcyrcTByeT;

e ®BY: Wn —uvacrora cpesa, mapametp 'ftype’= 'high’;

e mosocoBoir puwieTp: Wn=[wl w2], rne Wl u W2- rpaHHIIBI
II0JIOCHI IIPOITyCKaHus , mapametp 'ftype’ otcyrcTByer;

o pexekTopHblid ¢GmibTp: Wn=[wl w2], rie Wl u W2- rpaHu-
16l ITOJIOCHI 3ajepkuBanus, 'ftype’'= 'stop’;

® MHOTOIOJOCHBIM (DUIBTP, MPOMYCKAIOMINN HU3KHE YacCTOTHI:
Wn=[wl w2 ...wn], rae Wi-rpaHHIbI ITOJOC MPOIYyCKaHUI,
yHOpPsAI0YCHHBIC TI0 Bo3pacTanuto, 'ftype'= 'DC-1".

® MHOTOIMOJOCHBIN (QUIBTP, 3aACPKUBAIOIINI HU3KHUE YACTOTHI:
Wn=[wl w2 ...wn], rae Wi — IrpaHHUIIbI TOJOC MPOIYCKaHW,
yHOpsI0YCHHBIE TI0 Bo3pacTanuto, 'ftype'= 'DC-0'.

Hst ®BY u pexeKkTopHbIX (QUIBTPOB, a TakKe€ MHOTOIMOJIOCHBIX
(GUIBTPOB C HEHYJEBBIM KOA(pPUIIMEHTOM Tlepeaaun Ha yactote HalikBu-
CTa JOIMYyCTUM YE€THBIN nopsaok. Ecnu 3amats HedeTHOE N, OyJeT paccyu-
TaH QUIBTP Ha €IUHUILY OOJIBILIETO MOPSIKA.

[Tapamerp window 3amaér ucmosb3yemMoe NMpu cuHTe3e okHO. OH
MO3BOJISIET 3aJ]aBaTh OTCUETHI OKHA B BEKTOpPE-CTOJIONE JuHbI N+1. Ecnu
napameTp WIiNdOwW oTCyTCTBYET MCIIONIB3yeTCsS OKHO XOMMUHTA.

[Tapamerp 'normalization’ mo3BoOJIsIET TPOU3BOIUTH HOPMHUPOBKY
(MacITabupoBaHUE) PACCUUTAHHON MMIYJILCHON XapaKTEPUCTUKU (PUITh-
tpa. [lo ymoa4aHHMIO MCHONB3yeTcs 3HadeHue 'scale’, mpu koTopom HM-
MyJbCHAsI XapaKTEPUCTUKA HOPMHUPYETCS TaK, 4TOObI OOECIECUUTh €Iu-
HUYHOE 3Ha4YeHHe Kod(pUIIMEeHTa Tepe/ladyd B IIEHTPE MOJIOCHI MPOITyCKa-
HUS (711 MHOTOIOJIOCHBIX (PUIIBTPOB — B IIEHTPE CaMOW HU3KOYaCTOTHOM
MOJIOCHI TPOMYyCKaHus). BTopoe BO3MOXHOE 3HAUYEHHE IapaMerpa —
'noscale’, B 3ToM ciaydae HOpMHPOBKA HE IPOU3BOAUTCS.

Paccunrannsiii puiibTp umeer nuHelHy0o @UX U BHOCHUT TpyIIIo-
BYIO 3aJI€pP’KKy, HE3aBUCUMO OT 4acCTOTHI paBHYIO N/2 orcuéram. Ecnm 3a-
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JlaHa HOPMHPOBKA, OMNpeesseTcs MOAyJb Kod(duiimenta nepeaadu mo-
Jy4uBIIEerocs GuUiabTpa B IEHTPE MOJIOCH! MPOIMyCKaHus, U KO3 hUIueH-
ThI QUIBTPA ACIATCS Ha 3TO 3HAUCHUE.

dyuknus fir2

®Oyuxknusa fir2 npeanasnadena mis pacdera KUX-puibtpoB ¢ nu-
HeiiHOM DYX MeTomom oOpaTtHOTO mpeodpazoBanus Dypbe ¢ HCIOIB30-
BaHueM okoH. C momonipto pyskmuu fir2 MoXxHO MPOEKTUPOBATH (DUITH-
TPBI C TIPOU3BOJIBHOM KycouHO-nuHEHON AYX. OOpalieHue K HEeld uMe-
€T BUJ:

b =fir2(n, f, m, Npt, lap, window).

371ech N — MOPSIZIOK PACCUUTHIBAEMOTr0 PUIbTpa (€ro UMMYJIbLCUBHAS
XapaKTEepPUCTUKA OyIEeT coepkaTh N+1 HEHyJIEBBIX OTCUETOB).

[Tapamerpsl f © M JOKHBI OBITH BEKTOPAMH OJUHAKOBOM JIJTMHBEI,
OHHM COBMECTHO ONpEAestoT xkenaemyto AUX cuntesupyeMoro puibTpa.
Bekrop f coaepUT 3HaYEHUS YaCTOT, HOPMUPOBAHHBIX K yacToTe Haiik-
BHUCTA M 00pa3yIoIIMX HEYObIBAIONIYIO TOCien0BaTesibHOCTh OoT 0 70 1, a
BEKTOP M — COOTBETCTBYIOIINME 3TUM 4dacTtoTam 3HaueHus AUX. B mpo-
MEXYTKaX MEXAY 3aJaHHbIMU Toukamu AUX mHTEpnonupyercs Mo Ju-
HEWMHOMY 3aKOHY.

st GuibTpoB, KOADPUUHEHT TIepeiadyn KOTOphIX Ha yacTtoTe Haii-
KBHCTA HE PAaBEH HYJIIO, BO3MOXEH TOJIbKO YeTHBIN NopsiaoK. Eciu 3a1ath
HEUETHOE N, OyAeT paccuuTaH PUIbTp HA €UHUITY OOJIBIIETO MOPSIKA.

OcranpHble MapaMeTpbl PYHKIUHU SBISAIOTCSA HeoOA3aTenbHbIMU. [1a-
pamerp Npt 3amaér uncio Toyek, UCMONIb3yEeMOE MPU UHTEPHOJALMM 3a-
nanHoit AUX. Eciu mapametrp Npt oTCyTCTBYET, TO €ro 3HaU€HUE PaBHO
512. Ilpu pacuére pmibTpoB nopsaka 512 u 6osee HEOOXOAUMO 3a/1aBaTh
3HaueHue napamerpa Npt, 4ToObI KOJIMUECTBO TOUEK MHTEPIOJISIIIUN ObLIO
HE MEHBIIE JUIMHBI UMITYJIbCHON XapaKTEPUCTUKH MpoeKkTupyemoro KM X-
duneTpa.

[Tapametp lap, u3MepsieMblii B TOYKaX HHTEPIIOJISIMH, OMPEICIsICT
IMIMPHUHY TEPEXOJHBIX 30H BOKPYT CKauykoB. Eciu mapamerp lap otcyt-
CTBYET, TO €r0 3HaU€HHE PaBHO 25.
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[Tapamerp window 3ama€r mcmosib3yeMoe Mpu cuHTe3e okHO. OH
MIO3BOJISCT 3a/1aBaTh OTCUSTHI OKHA B BEKTOpE-CTOOIE JIUHBI N+1. Ecim
napaMmeTp Window oTCyTCTBYET MCHOJIB3YeTCs OKHO XOMMUHTA.

Paccuntannbsiii GunbTp umeeT JuHeitHyr0o @YX U BHOCUT Tpynio-
BYIO 33JIEP)KKY, HE3aBUCUMO OT YaCTOThI paBHYIO N/2 OTCUYETaM.

[Tpouiecc mpoekTrpoBaHus (UILTPAa COCTOUT M3 CIEAYIOIIHUX 3Ta-
TOB:

1. 3amanume TpeOGoOBaHUI K MapaMeTpaMm PUIbTPA;

2. CUHTE3 COOTBETCTBYIOIIEH MepeaTOYHON PYHKIIUUA UK Pa3-

HOCTHOT'O YPaBHECHHS;
3. MpoBepKa MPOCKTUPYEMOTo (PUIIbTPa METOJIOM MAaTEMaTHYECKOTO
MOJICTTUPOBAHMUSI.

B o6miemM ciydae TpeOoBaHHMS K MNPOCKTUPYEMOMY ITUCKPETHOMY
KUX-hunbTpy METOAOM B3BEIIMBAHUS BKIIOYAIOT CIEAYIOIIUE MapaMeT-
PBI:

1. Tum dunerpa (PHY, ®BY, 1D u T.11.);

2. 4acTOTa IUCKPETU3AIINM;

3. 3HAYEHUSI TPAHUYHBIX YACTOT, PA3JEIISIOIINX MOJIOCHI MPOITyCKa-
HUSI, 33JICPKUBAHUSI, A TAKXKE MIEPEXOJIHBIC MOJIOCHI;

4. nomyctumble OTKJIOHEHHST AUYX mnpoekTupyemoro ¢GuibTpa OT
xemaemorn AUX B mosiocax nponyCKaHusl M 3aA€PKUBAHHUS.

IIpakTHyeckas 4actb

ABTOoMaTu3upoBaHHoe npoexkruposanne KUX-puiabsTpoB Merto-
J0M B3BeIINBAHMS

PaccMoTpuM aBTOMATH3MPOBAHHOE TMPOCKTHUPOBAHUE JMCKPETHBIX
KUX-dunsTpoB Ha npumepe ucnonb3oBanus Gynkiui firl u fir2 makera
Signal Processing.

[Tpomssenem pacuet momocoBoro KUX-dpunstpa 25-r0 mopsiaka

¢ nojiocoi nponyckanus 0,5 <o /on < 0,8 (o~ — yacTora HaiikBucra).
BBemeM TekcT HCMONHSAEMOHN TporpamMMmbl B KomaHmHoe okHo MatlLab
(Command Window):

b = fir1(50,[0.5 0.8]);
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freqz(b,1,512)

®yukius freqz uemonb3yeTcs I KOHTPOIS U TpaduuecKoro mpe/-
CTaBJieHUs TnepenaroyHor ¢pyHkuuu. B obmem ciydae oOparieHue K Heu
MMEET BULL:

h = freqz(b, a, w).

[Tpu sToM pyHKIHSA co3aaeT BEKTOp h KoMIUIeKCHBIX 3HaYeHUH da-
cTOTHOM xapakTepuctuku ¢uastpa H(e'”)mo nepemarounoi QyHkmu
H (z), 3ananHoii BekTropamMu KO3 (GHUIMEHTOB €€ YUCIUTENsA D 1 3HaMeHa-

TeNA &, a TaKXKe IO 3aJaHHOMY BEKTOPY W 4acTOThl . Eciu aprymeHT W
HE YyKa3aH, TO aBTomaTuuecku BbiOHMpaercs 200 oTcueToB 4acTOThI, JJIs
KOTOPBIX BBIUUCIIACTCS YACTOTHAs XapaKTepucTuka. Eciu He yka3aHa BbI-
XOJIHasl BEJIMYMHA, T.€. 00paIlIeHHEe UMEET BU/I:

fregz(b, a, w),

TO TMpolLeaAypa BBIBOJUT B TEKyllee I'paduueckoe OKHO JBa rpaduka —
AUX u dUYX.

Ha pucynke 8 B komanaHoM okHe MatlLab npeacrasnen ko mpo-
IpaMMBI.

1L 7110 iR2010e) I T e e S N O e
File Edit Debuy Parallel Deskiop Window Help
IS & B9 & § 0 B | @ CurentFolder C:\Progiam File\MATLAB\R2010bbin  ~ |[] (&1
Shorteuts [#] How to Add (2] What's New
Current Folder w0 7 x| [[CommandWindew Workspace “oax
« R2010b » bin » < oG - | mioaEs e | o T B3 B | stack: | U2 Select datato plot
el Name Value Min  Ma

Hb <151 doubles 01495 0301

|| startup.spt
| untitledfcf
) Untitled.m
& worker.bat

s - 2
OvR

Pucynok 8 — I'maBHoe okHo makeTa MatLab
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Pesynbrarsl pacuera mpoeKTUpyeMoro (uibTpa MpeCTaBICHBI Ha

pucyske 9.

N

|

Figurel
File Edit View Insert Tools Desktop Window Help

j_}',ﬂ;; [:3 +'\_\€T?@I=h._£' @J |:||E| i
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0 01 0.2 0.3 04 0.5 06 0.7 0.8 0.9 1
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1000

-1000

Phase (degrees)

-2000
0 01 0.2 0.3 04 0.5 06 07 0.8 0.9 1

Mormalized Frequency (== rad/sample)

Pucynok 9 — AUX u @YX nonocoBoro KUX-dpuastpa
AHaJI0ru4yHO, mpou3BesieM pacdeT aByxmnonocHoro KMX-duiastpa
30-ro mopsijika, BOCIOJb30BaBIIUCH (yHKIHEH fir2:

f=[00.20.20404070.71];m=[0505001100];
b = fir2(30,f,m);

[h,w] = freqz(b,1,1024);

plot(f,m,w/pi,abs(h)), grid

title('AUX KUX-puabTpa (mpoueaypa FIR2)')
xlabel("Hopmanu3zoBannas yacrora'), ylabel('A U X')



17

Ha pucynke 10 nzobpaxena AUX nsyxmnonocHoro KUX-dunstpa,
IMOJIYHYCHHAsA B PC3YyJIbTATC PACUCTA.
mFigurel l':'|IEI|ﬁI
File Edit View Insert Tools Desktop Window Help o
jjlﬂ&l? [:3 *\-_'\-ST?@IQ_%' @J DlEl m O

AYX KIAX-dhunstpa (npouegypa FIR2)
1 4 I I I I I I I I I

' ' ' ' ' ' ' '
I S Lk Lt T e e et CE T Sy e —]
= ' ' ' ' ' ' ' ' '

AMX

0 01 0.2 03 04 05 06 07 08 089 1
HopmanuaoeanHan yacToTa

Pucynok 10 - AUX ayxnonocHoro KMX-¢dunerpa
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Bompocs! 1J1 caMOnpoBepKHU

dunsTpanus, GUiIbTp.

CrpykrypHas cxeMa (puibTpa.

[lepenaTounas ¢pyHKIUsS GUIBTpPA.

YacToTHas XxapakTepucTuka puibTpa.

NmMmynbcHast XapakTepuCcTHKA PUIbTpa.

[lepexomHas XxapakTepucTHKa QPUIbTpA.

YcroitunBocTs puiibTpa.

Mertobl npoekTupoBanust AMCKpeTHbIX KUX-punbTpos.
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