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KnroueBble cnoBa: uudposon KUX-comnbTp,
MHOrOKpUTEPUAanbHbI CUHTES, LeNoYNCNEHHOe He-
NVHEeNHoe nporpaMmMupoBaHmne, LMpoBon punbTp
C NUHENHOW a3on, LIenoYnCIEHHOe NPOEKTUPO-
BaHue.

BBepeHue

\_

lpusodumcsi nocmaHoeka u peweHue 3adayu cuHme3da KUX-
gunbmpa c nuHeliHoU gha3oli Memodamu OUCKPEMHO20 po2pamMmuposa-
Husl. PaccMompeHbl 8apuaHmbl peweHusi 3adaqu cuHmesa UeroyuciieH-
Hoeo KUX-cbunbmpa ¢ cummempuyHbIMU U C80600HLIMU KO3(hghuyueH-
mamu. [Mposodumcsi cpasHUMerbHasl OUeHKa UX CennekmueHol criocobHo-
cmu o pe3ynbmamam fpoepamMMHol peanusayuu uibmpos Ha yeso-
qucneHHoU yughpoesol niamgopme.

J

JInHeNHOCTb (ha30BON XapaKTEPUCTUKN ABMNSETCA OQHUM
M3 KmoyeBblx TpeboBaHU K UndpoBbiM dUnbTpam, ocy-
LLIECTBISAIOLWMM Cenekumto NnornesHoro curHana B 3agaHHOM
YacTOTHOM AuanasoHe. HenuHenHocTb dasbl koapduLm-
eHTa nepegayn unbTpa MOXET Bbi3biBaTb 3HAYUTENMbHbLIE
WNCKaXXEHMS NOME3HOro CurHana rnpu ero YacToTHOW cenek-
Unn, 4TO AernaeT HEBO3MOXHbIM MPaKTUYeCKOe WUCMOoNb30-
BaHWe Takoro mnbTpa B LUMPOKOM CnekTpe 3agad umdpo-
Bo obpabotkm curHanoB (LIOC). MoaToMy coBpemMeHHble
TpeboBaHUsi BecbMa >XECTKO pernameHTUpyroT ¢asoByto
NWHENHOCTb KoadhduumeHTa nepedadm UMdpoBOro urb-
Tpa — dasoBble uckaxeHuss Ap(w) Ans GonblUMHCTBA
npunoxexun LLOC He ormkHbl NpeBbiwaTte 1-3 rpagycos B
paboyert nonoce YacTOTHOWM CeneKLMn NonesHoro curHana.

LUndposont KUX-chunbTp aBnsieTcs, kak M3BECTHO, AMUC-
KPETHON CUCTEMOW, AN KOTOPOW COOTHOLLUEHUE MeXay
BXOAHOW X, W BbIXOOAHOW Y, BPEMEHHbIMU NocneaoBaTenb-
HOCTSIMM OnpefensieTcs ypaBHEeHNeM NMHENHON CBEPTKU

N
Vo= hox, (1)
k=0

rae nocTosiHHble KO3MMULMEHTBI /i, ABRSIOTCS OTCYETaMU
MMMYNbCHOW  XapakTepucTukn cunbTpa. BxogHoe okHO
dunbTpa coctaBnsiet N+1 oTCHETOB, NpK 3TOM 3Ha4YeHne N
onpepensietr nopspok KUX-dwunbtpa. Ero nepepatodHas
YHKLMS MMeeT BUg

N
H(z) =th T,
=0

a YyacTOTHasl XapaKTepucTuKa NpeacTaBnsaeT cobon Tpuro-
HOMETPUYECKMIA MOSNIMHOM:
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N
H(ejn)) — th ej(uk — |H(ej(u)
k=0

C aso-yactotHOM xapakTtepuctukon (PYUX) dunbTpa
¢(w) cBa3aHbl hasoBas 7, u rpynnosas (MB3) 7z, 3a-
OEepXKn, onpeaensemMble COOTHOLLEHUSMU:

)
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Knaccuyeckum BapuaHToM obGecrneyeHusi NMHENHOCTU
taszoBon xapaktepuctnkm KUX-counbTpa saBnsercd, Kak
M3BECTHO, YCMOBME CUMMETPUUN (MNM AHTUCUMMETPUKN) €ro
MMMYINbCHOW XapaKTePUCTUKN:

h, =th(N-k), £=0,1,2,..N 3)

MpuHATO cunTaTb, YTO AaHHOE YCroBME OKa3blBaeTCs
NonesHbIM U C TOYKMN 3peHns pa3mMepHOCTM 3a4adn CMHTe3a
duUnbTpa, NOCKONbKY OHO MPUBOAUT K YMEHbLUEHWUIO Yncna
nepemMeHHbIX (MCKOMbIX KO3ddUUneHToB dmnbTpa) B ABa
pasa, 3abblBasi, NpaBaa, O TOM, KaK 3TO OTPa3nUTCH Ha ce-
NEeKTMBHOW crnocobHocTn unbTpa. Beas AaHHoe ycrosBue
onpegensieT TeOPEeTUYECKYH JMHEMHOCTb hasbl koadu-
UMeHTa nepegadv Ha BCEM rMaBHOM MHTepBarne LMdpoBbIX
4acToT OT Hyns M A0 YacToTbl HalkBMCTa, TO eCTb Kak B
nonoce (ax) nponyckaHus unbTpa, Tak U B NepexogHomn
nosfioce u noroce HenponyckaHusi. TpeboBaHWe NMHERHo-
CTn dasbl B Nonoce nponyckaHus punbtpa (To ecTb No oT-
HOLLEHWIO K MONIE3HOMY CUrHary) COBEPLUEHHO KOPPEKTHbI U
HeobxoaMMbI, KaK Mbl yxe oTmedanu. OgHako BHe Nomnockl
NPOMNyCcKaHUs MO OTHOLLEHUIO K HEMONe3HbIM curHanam da-
30Bas NMMHENHOCTb Ko3adduumneHTa nepegayn coBepLUeHHO
130bITOYHa — Bedb MOAaBMATb CUTHaMbl MOXHO Npu nobom
dase koahuuneHTa nepegaym LpoBoro punbTpa.

7,(0)= _ol@) nr,(w)=
1)
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Ha cerogHaWHMN geHb KnaccuyeckuMyn Metogamm pac-
yeta KMX-punbTpoB C nuHenHON pas3on ABMAOTCH, Kak
M3BECTHO, METOAbl B3BELLUMBAHWUS C NOMOLLbIO OKHa, MeToAbl
4YacTOTHOM BbLIOOPKM, MeTodbl pacyera onTMManbHbIX (MO
YebbilweBy) unbTpoB 1 HEKOTOpble Apyrue noaxoabl [1-6].
[daHHble meToabl, 0OAHAaKO, He MO3BONSIT CMPOEKTMPOBaThb
KNX-punbTp ¢ nuHenHocTblo hasbl TONMbKo B Tpebyemon
nonoce nponyckaHus. [pyron ocobeHHOCTbIO SIBNSETCH TO,
YTO KMaccu4eckoe NPOEKTHOE peLleHne MOXeT ObiTb nory-
YEHO TONbKO B BELUECTBEHHOM WNW [axe KOMMNIEKCHOM
(Bna CTPYKTyp C 4acTOTHOW BbIGOPKOW, HaNpuMep) MHOro-
MEPHOM MPOCTPAHCTBE COCTOSHWM, YTO CYLUECTBEHHO OC-
NOXHAET WNU Aaxe AenaeT HEeBO3MOXHbIM peanu3auumio
Takoro pelleHusi Ha UMdpoBLIX NraTgopmMax ¢ uenovumc-
NEHHON apuMeTKon LMMDPOBBIX BbIMUCMAEHWUI, Npexae
BCEro Ha NporpaMMupyeMon Noruke N MUKPOKOHTposnnepax.

Llenbto gaHHoM ny6nukaumm SBnsieTcs:

1) paccmoTpeTb pelleHne 3agaydm cuHTesa KNX-counbT-
pa, peannsyemoro Ha ocHoBaHuu CBEPTKU (1) n obecneun-
BatoLero nuHenHocte ®YX Tonbko B Tpebyemon nonoce
nponyckaHus punbTpa;

2) nony4nTb pelleHne AaHHOW 3ajayvv B LEeNoYucreH-
HOM NPOCTPAHCTBE COCTOSHUIW, YTO MO3BOMMUT FErko ero
peanu3oBaTb Ha MObIX LENoYNCNeHHbIX LUdpPOoBbIX Nnat-
dopmax;

3) OUEHUTbL Ha KOHKPETHOM MpuUMepe YPOBEHb BbIMMPbI-
Wa B CEMNeKTUBHOCTU AaHHOro PEeLIEeHUs MO CPaBHEHWIO C
BapMaHTOM KracCu4ecko CUMMETPUN UMMYSIbCHOM Xapak-
TEPUCTUKKN hunbTpa.

B pa6oTax [7-9] Gbina nokasaHa BO3MOXHOCTb peLLeHus]
Takol 3aJadun, To ecTb obecrneyeHnss TEXHUYECKON NUHen-
HOCTU (pasbl TOMLKO B MOMOCE MPOMycKaHus, AN Lenoyuc-
neHHoro BUX-cunbTpa npu ero npoekTnpoBaHuM meToda-
MW LIENOYUCIIEHHOrO  HENWHEWHOro  MpOorpamMmmMmnpoBaHns
(LHM). B paHHOWM cTaTbe paccMaTpuBaeTCsl BO3MOXHOCTb
NPYMEHeHNss JaHHOro Noaxoda W Ans CuHTe3a KackagHbIX
uenoyvncneHHbix KNX-counbTpos ¢ nuHenHon dYX.

MopenupoBaHue uenouucneHHoro KUX-cpunbtpa

Cpeon MHoXecTBa CTPYKTyp noctpoeHus KUX-counbT-
POB Ha MpakTVke Hanbornee 4acTo UCNorb3yeTcs kackagHas
(nocnepoBatenbHasl) CcTpykTypa. [lepegatoyHas dyHKUmMA
ansa uenouvncneHHoro KMX-dmnbTpa, coctosiLiero us kac-
KagHOro coeanHeHua m-3BeHbeB BTOPOro nopsapgka, nveet
cnepytowmn Bug [8, 9l:

" by, +bll.z’l +b2iz’2
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roe KOMMreKkcHas nepeMeHHasa z =¢’*, a o= 7 — npwu-
A

Be[leHHas Kpyroeas yactoTa.

MpuHUMNManbHOM OCOBEHHOCTbIO SAIBMSIETCA MpUHag-
NEXHOCTb KO3ULIMEHTOB by U a) 3HAKONEPEMEHHOMY psi-
[y uenblX Yncern, KOTOpbIi MOXET ObITb Kak HaTyparnbHbIM,
Tak 1 GUHOMManbHbLIM (415 HOpMUPYIOLLEro koadduumeHTa
ap). WHTepBan u3meHeHusa KoapdULMEHTOB Mpu 3TOM
onpefensieTcs paspsAHOCTbIO NPeacTaBneHns AaHHbIX B
mcnonb3yemon uudpposor nnatgopme. M3 cooTHoLLeHUA
(4) nerxko nonyyaeTtcsi pa3HOCTHOE ypaBHEHWE AN OOHOro
3BeHa unbTpa:

Y, =(b0xn +bx,_ +bx, , )/ao (5)
Kak BnaHo u3 (5), npu BblMMCNEHUN OTKMNMKa unbTpa
[OOIMKHA BbINOMHATLCS onepaumsi OeneHust Ha LenoYncreH-
HbI KO3(PPUUMEHT a), KOTOpash MOXeT OblTb peanv3oBaHa
onepauuen casura npy yCrioBUU NpUHaaneXHOCTU KaxKaoro
i-ro HopmMupytowero koadduumeHTa GMHOMUANbLHOMY Lie-
TIoYMCIIEHHOMY psAaY:
a, €12, q=0,W, i=Lm, (6)
roe Wk — onvHa 6rUToBOro CroBa LierniouncrieHHbIX koaddu-
UMeHToB hunbTpa.

Ha puc. 1 npuBegeHa TunuyHasi CTPYKTypa Lenoyuc-
NIEHHOrO HEPEeKYPCMBHOIO 3BEHa, COOTBETCTBYHOLLAA ypaB-
HeHuto (5). Kak BMAHO, Npw BbIYUCIEHUM OTKINUKa hunbTpa
Yn KPOME TPALAMLMOHHBIX ONepaLuii CIOXEHUs!, YMHOXEHMWS
M 3a0epXKKU Ha TaKT MpUCYTCTBYET onepauus cAsura Ha
B=log,a, 6uT, ¢ NOMOLLbIO KOTOPOK, KaK YyXKe ckasaHo, pea-
NnU3yeTcsl LenoYncneHHoe geneHne Ha GMHoOMUanbHbIR Ko-
apPULMEHT ay.

Puc. 1. Cmpykmypa yenoducrneHHoe2o 38eHa KUX-gpunbmpa

Takum obpasom, npu pacuyéte oTtknuka KNX-cunbTtpa
MCMOonb3yeTcsl MUHUMAIbHOE KonmnyecTBo 06a3oBbIX onepa-
UMR, Npud4éM BCE 3TM oOnepaumm LEeNOYUCNEHHbIe, 4YTO
onpepensieT Bbicokoe ObICTpoaencTBne unbTpa nNpu pa-
60Te B peanbHOM BPEMEHM.

BaXHbIM [OCTOMHCTBOM LIENTIOMUCTIEHHBIX PUINBTPOB, Kak
M3BECTHO, SBMAETCA OTCYTCTBME npouenypbl KBaHTOBaHWA
AaHHbIX (Ko3hdmumneHToB hunbTpa M pesynLTaToB Npome-
XKYTOYHBIX BbIYMCIEHWIN) B XOA4Ee pac4é€Ta oTknuka unbtpa B
peancHOM BpeMeHu, a, criedoBaTernbHO, U OTCYTCTBME TakuX
HeraTUBHbIX MOCNEACTBUN KBAHTOBAaHWA AaHHbIX, Kak MCKa-
)KEHME YaCTOTHbIX XapaKTepUCTUK mnbTpa M MNosiIBNEHWE
LUYMOB KBaHTOBaHWA. 30eCb KBaHTOBaHME 3aMEHEHO Lerno-
YMCNEHHOW AMCKPETU3auMern MHOrOMEpHOro NpPOCTpaHCTBa
KoadppuumeHToB nepef cuHTesom KUNX-comnbtpa ¢ nonyde-
HUEM LIEMOYUCIIEHHOIO peLleHust (BeKTopa LieroYnCreHHbIX
KO3(hPULIMEHTOB IXO) C HyneBoW owwmbkoi ero peanusaumm
Ha uMdpoBoM nNnatopmMe Unm KpucTanne ¢ 3agaHHon anu-
HoW Wk cnoBa Leno4ncneHHbIx koagpuLmneHToB.

YT0 Xe kacaeTcsl pe3ynbTaToB HeoOXoauMbIX Ans pac-
YéTa OTKMMKA NPOMEXYTOYHbIX BbIYUCIIEHMIN, TO BCE OHMU
TaKke ABNSIOTCA LEeNOYUCIIEHHbIMUW, U MpU 3adaHHON buTo-
BOW paspsagHOCTM KBaAHTOBaHWA BXOAHOro curHana Wx (B
aHanoro-uudpoBom npeobpasoBaTene, Hanpumep) nerko
BblAENMUTb BHYTPEHHUIN aKKyMYNATOPHbIN perucTtp ¢ pas-
PAOHOCTLIO
Wy=W.+W,+2 [6um] (7)
AN XpaHeHus pesynbTaTta LernoyYUCIeHHOro YMHOXEHNS C
HaKonmneHneMm, ocyllecTansemoro no anroputmy (5). Kone-
6aHWin NepenonHeHnsl, TO ecTb BO3HWKHOBEHUsI GOMbLUMX
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npepgenbHbIX LWKMNOB, BbI3BAHHbIX NMepenofiHeHnem paspan-
HOWM CETKU perncTpa-akkymysstopa, npy TakoMm pacyéte ero
pa3psigHOCTM  HUKOTA@ He BO3HUKaeT, OCODEeHHO ecrnu
yyYecTb, YTO HaKoMneHue pesynbTata LefoYUCIIEHHOrO
yMHOXeHUus1 B (5) ocyluecTBnsieTcs anrebpanyecku, c y4é-
TOM 3Haka craraemblX, YTO CYLUECTBEHHO MOHWXaeT pas-
psOHOCTL pesynbTara.

Heobxoaumoe MaclutabnpoBaHme curHana B KackagHom
KUX-cbunbTpe MoxeT ObiTb BbINOMHEHO MPSIMbIM BBEAEHU-
em TpeboBaHMs Manoro pasbpoca KoahdULMEHTOB nepe-
Aayvyny otaenbHbIX 3BEHbEB Ct)I/IJ'Ipra HenocpeacTtBeHHO B
Xoe ero cuHTesa. JTO MO3BOMSAET KackagHoMmy unbTpy
pa6OTaTb B LUMPOKOM AMHAMUYECKOM AunanasoHe BXOAHbIX
curHanos. dopmansHo TpeboBaHve MacliTabupoBaHus 3a-
NUCLIBAIOTCH ABYCTOPOHHUMW (DYHKLMOHAMNbHBIMA OrpaHun-
YyeHnsaMM aKcTpemanbHon 3agaym LIHM-cuHTesa uenouuc-
neHHoro KUX-cunbTpa.

CuHTte3 KUX-cpbunbrpa
C CUMMeTPUYHbIMM KoadchbuumeHTammn

O6Last nocTaHOBKa 3a4aqu LENOYUCNIEHHOTO HENMHen-
HOro NPOrpaMMMpPOBaHNS AN MaLUMHHOIO CUHTE3a Kackad-
Horo KMX-dmnbTpa nogpobHo npuBedeHa B paboTax [8, 9].
Moatomy B AaHHOM pasgerne pacCMOTPUM TOSMbKO peLueHue
KOHKpETHON 3agayn cuHteda KMX-punbTpa HWKHUX YacToT
C CUMMETPUYHOW UMMYMbLCHON XapakTepuCTUKOW, YTO METO-
ponorven LIHIM nerko moxeT 6biTb 0becneyveHo. Tpebosa-
Hus Kk AYX cunbTpa npeacrtasneHsl Ha puc. 2. B nonoce
nponyckanus 0—480 Iy koadpbdumumeHT nepegadn unbTpa
JormkeH umetb eauHmyHoe ycunenve K = 1.0, a B nonoce
HenponyckaHua (580—1000 Nu) pomkeH obecneumBaTtb no-
AaBneHue curHana Ha ypoBHe He xyxe 0.1 npwu yacTtoTte
avckpetusauun Fa=2 klu,.

10
K I
I
|
0 I 0.1 f
0 480 580

1000 My
Puc. 2. Tpebyemasi AYX punbmpa
O6bl4HO Npu npoekTupoBaHuM KNX-cdunbTpoB onepu-
pyrOT He MopsiAKOM nepenaTtovHon yHKUMM N, a AnvHow
MMMYNbCHON XapaKTePUCTUKK L (ONMHON chmnbTpa unm ymc-
1IOM OTBOA0B), cooTBeTCTBYIOLEeN N = L - 1 nopaaky nepeaa-
TOYHOW pyHKUMK. Onsi onpeaenéHHocTv BbibepemM BapuaHT
YETHOW UMMYNbCHOWM XapakTepuUCTUKN domnbTpa AnnHon L = 8
C YéTHOW xe eé& cummeTpuen (puc. 3), koraa h, = h(L-n),
n =0,1,2,..7. Takol BapuaHT, kak U3BecTHo, Hanbornee noa-
XOAMT ANs peanusauun uUnbTPOB HDKHUX YaCTOT.
hy,
0 ¢ g 7
ryrsp "
Puc. 3. YémHas cummempusi uMryibCHOU XapakmepucmuKku
Torga npuy LenoYncneHHbiX KoadduLUmMeHTax pacyéT oT-
KNuka cunbTpa onpenensiercs CneaylwmMm CBEPTOYHBLIM
ypaBHEHVEM:

MepenatoyHas dyHkumaA LenovncneHHoro KNX-counbT-
pa, COCTOSILLEro M3 KackagHOro coeanHeHus YeTbipéx 3Be-
HbEB BTOPOro Nopsiika, UMeeT crieqyroLunin Bua;

4 -1 )
H b, +b,z" +b,z

H(z)= 8)

i=1 a,
3agaya UenoyYncrneHHOro HenMHENHOro MnporpammMupo-
BaHus onga cuHtesa ®HY ¢ 4éTHom cummeTpuen uenoyuc-
NEHHbIX KO3PPULNEHTOB M ANUHOW X BUTOBOro NpeacTas-
nenus Wk = 13 sanucbiBaetca Tak:

F°(IX®) = min F(IX) o

IX eI,

—8191< b, < 8191, i=1,4, (10)
b,=b,, b=b,, b=b;, b=b, (1)
a,=8192. (12)

Takum obpasom, MUHUMU3aLUS LieneBoro yHKLMoHana
OCyLLEeCTBNANacb Ha 4-MepHOM LeNOYNCNIEHHOM NPOCTPaH-
CcTBE napameTpoB B AOMYCTUMOW 06nactu uUx U3MEHEeHUs
(10) npu ycnosum (11) nonapHoro Ay6nvpoBaHusi (CUMMET-
pun) KOIPDULMEHTOB U C HOPMUPYIOLLIMM KO3 PULIMEHTOM
(12). Ueneson hyHkumoHan F(IX) naHHow 3agayu onpene-
Nsancs ctaHaapTHOW cpedHekBaapaTUYHOWM OLIMOKON o Bbl-
nonHeHus TpeboeaHun k AYX punbTpa

o= l~i[Yn(IX)—Y”TT (13)
p

n=1
roe Y,(IX) — Tekywee 3HaveHue mopynsi koadpcpuumeHTa
nepegayn cunbTpa Ha n-0M ANCKPETHOM YacToTe AnManaso-
Ha onpeaeneHus, a an — Tpebyemoe 3HayeHne 4acTOTHOW
XapakTepucTuku,

[MouckoBoe MTepaTMBHOE peLleHne 3KCTpemarbHoW 3a-
Aaun UHM-cuHTesa (9) B 3agaHHOM NpOCTpaHCTBE Leno-
yncneHHblx napametTpoB KMX-cunbTpa ocyLecTBnsanock ¢
NOMOLLBIO  MPOrpamMMHOro  anropuTMMUYECKOro Kommnnekca
[9, 10], obpaliasicb k MmogensHoMy 6GroKy nporpaMmbl Ans
pacyéTta TekyLmx PYHKUMOHAMNbHbLIX XapakTepUCTUK Pusb-
Tpa. BekTop IX°, MUHVMU3VPYIOLLNIA CKansapHY LieneByto
YHKLMIO HA MHOXECTBE [OMYCTUMbIX LIeNOYUCIIEHHbIX pe-
weHun (10), aBnaeTca 3PdPEKTUBHLIM peLleHrem 3agayu
cuHTe3a uenodncneHHoro KUX-dunbtpa ¢ CMMMETPUYHDI-
MK koadpcpuumeHTamu. Takum obpasom, HangeHHoe OonTu-
ManbHoe peluenne IX° onpegensnock creayloWwuMmn Ko-
acpdumumeHTamm
b,=b,=-5861, b =b=-6401,

b, =b,=—6349, b,=b,=349.

Ha puc. 4a n 46 npusegeHbl AUX n ®YX dunbtpa B
TOYKE [aHHOro LenoyucrneHHoro ontumyma. [pu aTom
cpefHekBagpaTuyHaa owwnbka (CKO) BbinonHeHus Tpebo-
BaHu k AYX cdunbTpa 6bina paBHa o = 0,14, a dasa cTpo-
ro nNuHerHa.

lMporpammMHas peanusauus [OaHHOMO peLleHust Oocy-
LLeCTBANACh Ha LienoYncneHHon undposon nnatdopme —
MHOro@YHKUMOHaNbHOM MUKpokoHTponnepe MSP430F1611
dupmbl Texas Instruments [11] ¢ uenoymcneHHeim RISC-
agpom. OTnnUMTENbHBIMA OCOBEHHOCTSIMW AAHHOTO MUKPO-
KOHTpOmnepa SBMSIETCA ero HW3koe aHepronotpedneHune u
HEeBbICOKasi CTOMMOCTb.

(14)
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8) akcnepumeHmarnbHass @YX cpunbmpa
Puc. 4. Xapakmepucmuku KUX-counbmpa
C CUMMEMPUYHbIMU KO3 huyueHmamu

Uameperna AYX n ®YX cunbTpa ocyLlecTBNsSNUCL B
aBTOMaTMYECKOM pexXume Ha NaHoOPaMHOM usMepuTene
YaCTOTHBIX XapaKTePUCTUK LNdPOBbLIX (PUNLTPOB, peanunso-
BaHHOM B cpefe BupTyasnbHbiXx npubopos LabVIEW. lMpu-
MeyaTenbHO MPaKkTUYeCKW NOMHOEe COOTBETCTBME IKCrnepu-
MEHTanbHbIX Y TEOPETUYECKMX (MO CUHTESY) XapakTepUCTUK
duUnbTpa, YTO U XapakTepHO ANA UMEPOBLIX CUCTEM. OKC-
nepumeHTanbHas ®YX pgaHHoro cunbTpa npuBedeHa Ha
puc. 4. [lpegocTaBnsem uuTaTentd CcamMoMy OLEHUTb,
HACKOMNbKO BLINOMHAETCA TEOPETUYECKOEe YCIOBUE «CTPOrown
NUHeHoCcTU» asbl NP npakTudeckon peanusauum KNX-
OUNLTPOB C CUMMETPUHHOWN UMMYIIbCHOW XapaKTepUCTUKOMN.

CuHTte3 KUX-cbunbrpa
co cBo6oaHbIMU Ko3adduumeHTamm

Paccmotpum pelleHve gaHHOW 3agjaum cuHTesa KUX-
GUnbTpa HWKHUX YacToOT yKe CO CBOOOAHLIMM 3HAYEHUSIMU

8) akcnepumeHmanbHass @YX cpunbmpa
Puc. 5. Xapakmepucmuku KVUX-counbmpa
€0 c80600HLIMU KO3hGhuyueHMamu

LienoYmcnerHbIx koadpdpuumeHToB. TpeboBaHust k AUX dnrnb-
Tpa OCTanucb, eCTECTBEHHO, MPEXHUMU, (pyC. 2), a ha3oByto
JNIMHENMHOCTb Heobxoaumo obecrneuvBaTe TOMbKO B MOSioce
nponyckaHuns (0—480 'u) npu Toi e AnnHe unbTpa.

Mpwu ceBoboaHbIX KoadhduumeHTax 3agada LiHIM-cuHTes3a
KUX-cunbTpa 3anucbiBaeTcs Tak:

F°(IX*) = min F(IX),
IX €I¥,

~8191<h,< 8191, =18,
a, =8192.

34ecb MUHYMU3aUms LeneBoro (yHKUMoHarna ocyLLecTs-
nanacb ye Ha 8-MepHOM LIernoyvCrieHHOM NpOCTpaHCTBe
napameTpoB B JONYCTMMOW 06racTi ux nameHeHus (16).

MoXHO OTMeTUTbL, YTO npoekTupyembii KUX-counbTtp B
nocnegosaTtenbHOM opmMe €ero mnocTPoeHus, OYEBUOHO

(15)

(16)

17
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obnagaer BceMu npu3Hakamu AMCKPETHOM MWHUMAIbHO-
¢a30BON CUCTEMBI, B KOTOPOW MOAYMb MU apryMeHT 4acToT-
HOro kKoadpmumneHTa nepeaayn cesi3aHbl NpeocbpasoBaHNeM
Mnbbepta [12]

|K ()| =Hop(w).

A 3TO 03HayvaeT, 4YTO Henb3d HEe3aBMCUMMO YMpaBnATb
dazon koadpduumneHTa nepegayn — 3To NpuMBELET U K HEN3-
6exHOMy M3MeHeHuto ero moayns, T.e. AYX cdunbtpa. Mo-
3TOMY yXXecToueHue TpeboBaHuii No dase CUHTE3NPYeMOro
unbTpa BO3MOXHO TOMbKO 3a CYET CHWKEHUsI ero amnnu-
Ty,D,HOIZ CenekTMBHOCTU, TaK KaK 3TW ABa MnokKa3aTtend 4Bnd-
I0TCA MPUHLUMNMAanbHO NPoTUBOPEYUBLIMU. Mcnonb3ysa npex-
HIOKO OLIEHKY CEneKTMBHbIX CBOMCTB (hunbTpa cpegHekBagpa-
TUYHOW OLUMOKON ¢ BbINONHEHUs TpeboBaHuii k AYX, MOXHO
0TOOpasuTb 3Ty CBA3b aMMIUTYOHOW cenekumm u asoBbIX
uckaxkeHuii Ap(®) dunbTpa cregyroLmm obpasom:

k
o-Ap(w)=const zz ,

roe L — pnuHa KNX-counbTpa.

da3oBble UCKaXKEHUS NPW 3TOM OMpeaenstoTcs MaKCu-
MarnbHbIM OTKMOHEHWEM Tekywen dasbl punbTpa OT Nu-
HenHoW B Tpebyemon nonoce NponycKaHms

Ap(@)= max | ¢, (IX)~¢/"|, (17)

lin

roe ¢ — Tpebyemasn nuHenHas @YX unbTpa.

Mpn nouckoBoMm cuHTese KUX-comnbTpa c nuHenHon
dason uenesas (yHKUMA dopmmpoBanacb B Buae B3Be-
LUEHHON CYMMbI ABYX YacCTHbIX LieneBbixX hYHKUMNA fy(IX) n
foux(IX), obecneumBaloLUMX COOTBETCTBEHHO BbINOSHEHME
TpeboBaHWUi Kak K aMnnUTYQHON cenekumn cunbTpa, Tak v
K NIHENHOCTM ero dasbl

F(IX)=[31 quX (IX) + ﬂz fdﬂJX (IX) . (18)

YactHasi ueneasi pyHkums fyx(IX) npm atom onpepe-
nsetcs cootHoweHnem (13) a dyHKUMS foyx(IX) — COOTHO-
weHvem (17). B xope pelueHus 3KCTpemanbHOW 3ajauv
LIHM-cuHTesa (15) ¢ uenesow dyHkumen (18) npu 3HayeHn-
AX BECOBbIX KOA(ULIMEHTOB xapakTepuctuk f,=1un f,=2
ObInNn HanaeHbl cnegyoLme onTUMarnbHble LenovnCrieHHbIe
Ko pULMeHTbl hunbTpa (Tabn. 1).

Ha puc. 5a u 56 npusegeHbl AUX n dYX dunbTpa no
CUHTE3y B TOYKE AAHHOro LienoyncneHHoro ontumyma. Mpu
3TOM cpefHekBagpaTuyHas owwnbka (CKO) BbinonHeHus
TpeboBaHuii k AYX cunbTpa ymeHblwMnacb B TpU pasa
(o = 0,05), a HennHenHoOCTbL a3kl B MOSIOCEe NPOMycKaHuA
cunbTpa He npeBbllana 2 rpagycoB. OTU Xe 3HaYeHus
noATBEPAUNNCL AaHHBIMU 3KCNEPUMEHTANbHOro N3MepeHns
AYX 1 ®YX cbunbTpa Npu ero NporpaMMHON peanu3auuu
Ha TOM Xe MukpokoHTponnepe MSP430F1611. [padwk
akcnepumeHTansHon ®YX npuseaéH Ha puc. 5B.

JTto6oNbITHO CpaBHUTL peELUeHWEe AaHHOW 3afayn CUHTe-

3a KNX-hunbTpa HWKHUX 4acToT C pelleHneM TOW Xe 3a-
Aaun uenouncneHHoiM BUX-domnbTpom, obecneumnsatowmm
JNIMHENHOCTb hasbl B NOMOCe MPOMycKaHWsA Npu TOM e Mno-
pagke cdunbTpa. PesynbTaTbl CMHTE3a unbTpa MeTogamu
LIHIM npeacraeneHbl Ha puc. 6-7. Kak BUAHO, Npu BbINOMHe-
HUKM TpebGoBaHWUi No Ha30BOWN NMHENHOCTW, CPeAHEKBaApa-
TUYHas owubka BbiNonHeHNs TpeboBaHuin kK AYX Lenoymc-
nexHHoro bNX-cpunbTpa He npesbiwana o = 0,013.

I 3
10 1
K \\‘ CKO=0,013
\
i
\
\
\
\!
005 ! -
e}
1 Yacrtotaluy 1000
Puc. 6. A4X yenovucneHHozo BUX-punbmpa
10
®dasza
\ ; .
% \\ Ap< 2
N
\k
N
N\
29

1 Yacrortaluy 480

Puc. 7. ®4X ¢punbmpa 8 nosnoce rnporyckaHusi
3akntouyeHune

KUX-bunbTpbl ¢ NUHENHOW (ha3oBOW XapaKTepUCTUKON
0Cc0BEHHO BaxHbI B Crydasix, korga npuxogutcs y4mTbiBaTh
ONCMEPCUOHHBIE UCKaXEHWS, CBA3aHHbIE C HEMMHENHOCTbLIO
(a30BOI XapakTepucTukn (Hanpumep, npyu o6paboTke peun
1 nepepaye AaHHbIX). TpeboBaHve ha3oBOW NMHENHOCTU
MOXET ObITb MOMHOCTLIO BLINOMHEHO NPU Nepexoae K npsi-
mMomy cuHTesy KWMX-cdunbTpa metogamm LIENoYUCrieHHOro
HENMWHENHOro nporpaMmmvpoBaHusa. CoBpeMeHHble anro-
pUTMUYECKME KOMMMNEKChl LENOYNUCNIEHHOW MWHUMMU3aLUn
no3eonsAloT pewartb 3agady LiHIM-cuHTe3a BecbMa HagéxHo
1 3pPEKTVBHO NpU BLINONHEHUN BCEX BHELIHMX TpeboBa-
HUA W orpaHuydeHuin k paboTe umdposoro unbTpa. IT0
[aéT BO3MOXHOCTb obecneuntb asoByl0 NMHENHOCTb
TOMNbKO B 3aJaHHOW Noroce nponyckaHus, YTo CyLLECTBEHHO

Tabnuua 1.
3BeHO Koadduimentsl nepenarounoil pyHkuuu Guisrpa
¢unbrpa do bo b, by
1 8192 -53 955 -5918
2 8192 1205 1196 1181
3 8192 15744 1100 -3872
4 8192 -3623 7942 13263
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NOBbLILLAET Ka4yecTBO MPOeKTMpyeMoro cunbTpa U cokpa-
waet Bpemsa ero paspabotku. 13 matepuanos, npmBenéH-
HbIX B CTaTbe, MOXHO cAaenaTtb CneaytoLime BbiBoAbl:

1. BoamoxxHoCcTb knaccmdeckoro cuHTesa KUX-counbT-
poB Mo TpebyemoW COBOKYMHOCTM YacCTOTHbIX XapaKTepu-
CTUK KpanHe orpaHnyeHa. N3BecTHbIMM nogxoaamu B NPuH-
uune MoxeT ObiTb obecnedyeHa Tpebyemasi oopma AYUX
dunbTpa, HO npoussornbHaa dopma PYUX wnnm B3 npu
3TOM peanu3oBaHa ObiTb He MoxeT. [Mpu cuMmMeTpum Ko-
apdumumeHToB KUX-punbTp MOXET MMETL TOMLKO TEOPETU-
YeCKN NMUHENHY (hasoBY XapakTePUCTUKY Ha BCEM rnas-
HOM MHTepBarne UMdpOoBbIX 4acToT;

2. Ycnosne CUMMETPUM WMIMYNbCHOM XapakTepucTUKn
ABMNAETCA O4YeHb XECTKMM OrpaHMYeHMeM Ha napameTtpbl
(koahpurumeHThl hunbTpa), a, cnegosBaTensHO, U Ha cenek-
TUBHYIO CMOCOGHOCTb MpoekTupyemoro dunbTpa. Ha npu-
BeAEHHOM npumepe cuHTe3a KNX-bunbTpa HWKHUX YacToT
BWAHO, YTO MPU CUMMETPUYHbLIX KO3dUUUEHTax ero ce-
NEKTUBHAs CnocoBHOCTb B TPU pa3a MEHbLUE MO CPaBHEHMIO
C pelueHveM co cBoboaHbIMKU KoaddpuumeHTamn n Gonee
YeM Ha MOpPSAOK MEHbLUE MO CPaBHEHUIO C pelleHneM Town
Xe 3agavm uenouucrneHHolM BUX-cpunbTpom. OuesnaHo,
4YTO 3TOT achdhekT ByaeT elweé cunbHee AN Y3KOMOSIOCHbIX
GUNbLTPOB, rae (pasoBble NCKAXEHUS HEBENUKM YxXe camu
no cebe 1 B y3KOIN NOoce NPonyckaHnsa Ux ropasgo npoile
ycTpanuute npsimbim LIHIM-cuHTEe30M npu cBoBoAHbLIX KOIMD-
dULMEHTaX, HUYErO He Tepsisl B CENEKTUBHOM CMOCOBHOCTH
dunbTpa. Takmum obpasom, npu LIHIM-cuHTe3e kackagHoro
KUX-cbunbTpa ¢ NMHENHOCTbIO hasbl TOMLKO B 3aJaHHOMN
nonoce AnvHa unbTpa MoXeT OblTb CYLLECTBEHHO YMEHb-
LeHa Npu MOSIHOM BbINOMHEHUN (DYHKLMOHANbHBLIX TPebo-
BaHun Kk AYX n ®YX cpunbTpa.

3. LenouncneHHas guckpetusauma npocTpaHCTBa Ba-
pbupyemMbix napameTtpoB KWX-cpunbTpa nossonset nony-
YaTb NPOEKTHbIE pEeLeHns B LenblX Yucnax, Yto cHumaet
BCE OrpaHunyeHns no apndmMeTuke BbIMUCMEHWN Npu anna-
paTHOW peanu3aumn unbTpa Ha MbbIX LEenoYnCNEHHbIX
uncpoBbLIX NNnatdopmax.
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