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PaccmatpuBatoTcst BOIpOoChl MOJAESIMPOBAHUS U NPOeKTUpoBaHUs pekypcuBHBIX (IIR) rayccoBeix mudpo-
BbIX (l)I/IJ'II)TpOB C Y4E€TOM BO3MOXHOCTH UX pe€aIM3allii Ha MUKPOKOHTPOJIJICpaXx. HpI/IBO)II/ITCﬂ IIOCTaHOBKa U
peuieHue 3aaavuu MHOFO(l)yHKI_[I/IOHaJ'II)HOFO CHUHTC3a I'ayCCOBBIX (bI/IJ'IBTpOB METOJaMM LICJIOYHUCICHHOI'O HEJIM-

HEWHOIro MaTeEMaTUYECKOI0 IPOrpaMMUpPOBaHusl. PaccMOTpeH npumep pelieHus 3a1a4i CUHTE3a PEKYpPCUBHO-
ro rayccoBa (uibTpa U ero peanusanuu Ha MUkpokoHTpoiiepe MSP430F1611. IlpuBoautcst cpaBHEeHHE Teo-

PECTUYCCKUX U IKCIICPUMCHTAJIBHBIX XapaKTCPHUCTHUK q)nmﬂ“pa.

Knrouesvie cnosa: nndpoBoi rayccoB (MIBTP, MHOTO(QYHKIIMOHATBHBIN CHHTE3, LEIOYUCICHHOS HEIH-
HEHHOE NPOrpaMMHPOBaHKE, MUKPOKOHTPOJLIEP, IieeBast (pyHKIHS.

BBenenne

OubTPHI crienuanbHONH (GOPMBI YACTOTHBIX Xa-
PAKTEPUCTHUK IIUPOKO HCIIOIB3YIOTCSI B COBPEMEH-
HOM paguodIeKTpoHHOM ammaparype. K Takum
yCTpOWCTBaM B HEPBYIO O4Yepelb MOKHO OTHECTH
rayccoBbl (HIBTPHI, AMIUIUTYIHO-4ACTOTHAs Xa-
PaKTEepUCTHKA KOTOPBIX ONM3Ka K rayccoBOM KpH-
Boii [1, 2].

HopMupoBaHHasi pe3oHaHCHAsI XapaKTEPUCTHKA
JUIS TayCcCOBOM KpuBOH (puc. 1) ompenensercs cie-
JYIOUTIM 00pa3oM:

&
yE)=e *, (1
rne &= f — f, — abcomoTHas paccTpoiika OT pe3o-

HAHCHOW YacTOTHI, a IMapaMeTp o ONpeleseT Hop-
MHUPOBAaHHYIO TIOJIOCY HPOMYCKAHUS TayCCOBOM
KpHUBOM:

H2

4102
31ech [/ — abcomroTHasl 1Mojoca IPOIMYCKaHUS IO
ypoBHio 0.7.

Kak n3BecTHO, QMIBTPBI C TayCCOBOM XapaKTe-
PHUCTHKOH MMEIOT CaM0e KOPOTKOE M3 BO3MOKHBIX
BpeMs YCTAaHOBJIEHHUS KOJeOaHHUI IpH OTCYTCTBUU
BBIOPOCOB 32 (POHTOM. DTO TIABHOE JOCTOMHCTBO
raycCcoBBIX (DMIBTPOB LIMPOKO HCIOJIB3YETCS B
COBPEMEHHOM pPaZMO3JICKTPOHHUKE, KaK aHaJoro-
BOW, Tak M 1udpoBoi. YTo Kacaercs MPUHLUIIOB
MOCTPOEHHS T'ayCCOBBIX (HIIBTPOB, TO U3 0OIIEi
TEOPUHU DBJICKTPUYECKUX (PUIBTPOB H3BECTHO, YTO

o

IpU KacKagHOM (IIOCIEAOBATEIbHOM) COEANHCHUU
m 3BE€HBEB BTOPOro IMopsAAKa aMIIMTYyJHO-4aCTOT-
Has xapaktepuctika (AUX) cucreMbl CTpeMUTCS K
rayccoBOM KPUBOH. ITO MIUTFOCTPUPYET pUC. 2, TIe
IPCaACTaBJICHBI HOPMUPOBAHHBIC PE30HAHCHBIC
KPUBBIC TP Pa3NUYHbIX m (I yA0OCTBa MO OCH
abcIuce OTIIOKEHO OTHOIIEHHE aOCONIOTHOM pac-
CTPOMKH K TOJIOCE MPOITYCKAHUSA).

@opManbHO UL OLEHKH CTEHNEHH OJIM30CTH
AUYX ¢unpTpa K rayccoBoil KpHBOW ymoOHO HC-
MOJIb30BaTh CPEIHEKBAIPATUYHYIO MOTPELIHOCTh
G B TOJIOCE MPOIYCKaHUS M0 331aHHOMY YPOBHIO
(ypoBeHs y, Ha puc.1):

oo ii[y(é;)—yr(é;)F ,

i=1

2

rre ¥(&;) — Tekyiee 3HaYeHNE XapaKTEPUCTUKH B i-i
JMCKPETHOH Touke ompexeieHus, a V' (&) —
3HAaYEHUE UJCaIbHON IayCCOBOM XapaKTEPUCTUKU B
9TOH TOYKE.

CkazaHHOE BBIIIE OYEBHUIHO CIIPABEIIUBO U JUIS
UGPOBBIX (HUIBTPOB, TOCTPOCHHBIX CTPYKTYPHO B
BHUJC KAaCKaJHOI'O COEIWHECHHS 3BEHBEB BTOPOIO
nopska — HUQPOBEIX pe3oHaTopoB. Kak mokazaHo
B [2, 3], Takas CTpyKTypa NOCTPOCHHS SIBISETCS
6a30Boil i1 IUQPOBEIX (UIBTPOB, CIPOEKTHPO-
BaHHBIX METOJOM IIEJIOYUCICHHOTO HETMHEHHOIro
nporpammupoBanus (L{HIT). Cunte3 kak pexyp-
CHBHOT0, TaK M HEPEKYPCHUBHOTO (pMIIBTpa JAHHBIM
METOJIOM 00ECIeYHBAaeT BO3MOXHOCTh peaTi3auu
MIPOU3BOJIEHON (DOPMBI YaCTOTHBIX XapaKTEPHCTHK
(B TOM umcie ¥ rayccoBOW (pOopMBI) IpH TapaHTH-
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Puc. 2. HopMupoBaHHbIE XapaKTEPUCTUKH MIPU PA3THIHBIX 11

POBaHHOM LIEJIOYUCIIEHHOM PEILIEHUU 1X’, Te. Ipu
HCITIOJIB30BAHUH TONBKO IIEJIOUHCICHHON apugpme-
THUKHU OJIA BBIYUCIICHUS OTKIHNKaA (I)I/IJ'II:Tpa Ha BXO/-
HOE BO3JIeHCTBHE. DTO 0OCTOSTENHCTBO OMpEaes-
€T, BO-II€PBbIX, MUHUMHU3AINIO BPECMCHU paC‘léTa
OTKIIMKa rayccoBa ¢uibTpa (T.K. IEJIOYHCIICHHBIE
orepanuyd HaMHOTO «KOpOYe» BEIECTBEHHBIX), a
BO-BTOPbIX, IMPUHIUIIAAJIBHYIO BO3MOKHOCTH peEa-
nu3anuy GUIBTpa HE TOJIBKO HA CHELHANU3UPO-
BaHHBIX CUTHaIIBHBIX Iporeccopax (DSP), Ho u Ha
NIPOCTBIX M JNEUIEBBIX MMKPOIIPOLIECCOPHBIX KOH-
tpoiepax (MK), B KOTOpBIX HET BO3MOXHOCTH
BBIUHCIICHUII B QopMmaTe ¢ IJIaBAIOMEH TOUKOH.
Bompocsl MHOTO(YHKIMOHAJIBHOI'O CHHTE3a U
MpakTUyeckod peanuzanuu rayccoebix [IHII-
(¢UIbTPOB U paccMaTpUBarOTCs B craThe. OIHAKO
JAHHBINA MOAXOX TpebyeT MpekIe Bcero paspadbot-
KM IIeJIOYMCICHHBIX MOJENeH TrayCcCOBBIX (HIIBT-
POB, a Takke BbBIOOpa HamOoiee paluOHAIBHON
(OPMBI UX ITOCTPOCHHUSL.

Hesounciaennas Moaesib
PeKypPCHBHOTO rayccoBa QGuibTpa

PexypcuBnbie LIHII-GunbTpel, sABISAACH AMC-
KPETHBIMU JIMHEHHBIMH CHUCTEMaMH C OOpaTHOM
CB3bIO  (peKypcueil), o0magaroT 3HAYMTEIBHO
OOJIBIIMMH  CETICKTHBHBIMH BO3MOXKHOCTSIMH IO
CPaBHEHHUIO C HEPEKYPCHUBHBIMH TIPH MPAKTUYECKH
TaKoM e OBICTPOACHCTBUH, TIOITOMY OHHU TO3BO-

JSIOT peasin30BaTh rayccoBy ¢opmy AUX 3HAUH-
TEIHHO MEHBIITUM MOpSAAKOM N GUIBTpA.
YacroTHas nepenatoyHast GyHKIUS UIS PEKyp-
CHBHOT'O rayccoBa ()HUIBTpa, COCTOSIIETO W3 Kac-
KaaHOTO COCIUHECHUA 7 3BEHBEB BTOPOT'O MOpAaKa
(m = N/2), umeer cneayrouuii Bun [3]:
H(z):ﬁ by + b,z +b,,z 22 ’ 3)

-1 —
ay, +a,;z +ay,z

i=1
npudéM Bce KOd(PPHUIUEHTH MepefaTouHoN (yHK-
UM SIBISIOTCS IEJIOYHUCICHHBIMU, a WX HMHTEpBal
M3MEHEHHS (Bapualiu) OIpeiemnseTcs pas3psaHo-
CTBIO R mcmonp3yeMoro Mukpompoueccopa. ['ayc-
COB PEKypCHBHBIM (MIBTp OyIET YCTOHUYUB, eciiu
BCe TIONIOCHI p; TiepeaaTtounoi GpyHkiuu (3) nexat
BHYTPU €IUHUYHOTO KpyTa B Z-INIOCKOCTH [3]:

|Zp,| <1. (4)
U3 cootHomienus (3) st onepaTopHOro Kodd-

¢buLueHTa Mepefau JIErko IoNydaeTcs pasHOCT-
HOE ypaBHEHHE [UI OTHOT'O 3BEHa (PUIIbTpa:

Yn :(b()xn +bx,  +bx, -y, —a,y,, )/ao , (5)
TZie X, — BXOHAsl BpEMEHHasl 10CIIeJ0BATeIbHOCTS,
Vn — BBIXOJIHASI TIOCIICIOBATEILHOCTb.

Kak BuaHO u3 (5), Ipu BBIUMCICHUM OTKJIHKA
¢unbTpa JOKHA BBITIOIHATHCS ONEPALUs ACTCHUSI
Ha IIeJIOYHCIICHHBIH KO3((PUIMEHT a), KOoTopas
MOXeET OBITh peaji30BaHa OIepanueil cIBUTa IpU
YCIIOBUH NPHHAIICKHOCTH KAXAOT0 i-r0 KO3 du-
[MeHTa OMHOMUANBHOMY IIEJIOUHUCICHHOMY PSAY:

a,e {2}, g=0.R—1 i=Lm. (6)
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B=log, a, >_£.

Puc. 3. CrpykTypa 3BeHa peKypCHBHOTO rayccoBa (isTpa

Ha puc. 3 mnpuBeneHa THIHYHAS CTPYKTypa
3BEHBEB PEKYPCHBHOTO rayccoBa (puibTpa, cOOT-
BeTcTByIoIIast ypaBHeHuio (5). Kak Bummo, mis
BBIUHMCIICHUS OTKJIMKa (PHIIBTpa ¥, KPOME TpaIully-
OHHBIX OIEPAIlMi CIIOXKCHUS, YMHOXXCHHS H 3a-
JCP)KKM Ha TaKT MPUCYTCTBYET OINEpaIlusl CIIBUTA
Ha B = loga, O6UT, ¢ TOMOIIBI0 KOTOPOH, KaK yke
CKa3aHO, pean3yercsl LIENOUNCICHHOE AeJICHUE Ha
OMHOMUAIBEHBIN HOPMUPYIOUIHH K03 QUITHEHT a.

Takum oOpa3oM, mpHu pacy€re OTKIMKA PEKyp-
CHBHOTO TayccoBa (pUIBTpPa HMCHONB3YETCS MHUHH-
MaJbHOE KOJIMYECTBO 0a30BBIX ONEpaIii, MpUIéM
BCE 3THU OIEpalluy IefouncieHHble. Pacuér oTknu-
Ka (uIbTpa Ha peansbHOM CUTHAJIE UAET OUYCHDb OBI-
CTpO, IPpSAMO TIO ompeseneHnto (Moaenu) GuiabTpa
(3) u (5), ¢ ucnonb30BaHMEM BBHIYHCIICHHBIX 3apa-
Hee IIeJOoYMCIeHHbIX Kod(dduimentoB. IlosTomy
pexypcuBHsIi rayccoB L{HII-¢unstp npu padote B
peabHOM BpEMEHH O0JalaeT BBICOKHUM OBICTpO-
JNEUCTBUEM.

CHHTe3 peKypCHBHOI0 rayccopa (pujbTpa

OOmas MmocTaHOBKAa 3aJavd IIEJIOYHUCICHHOTO
HEJIMHENHOro IporpaMMUpPOBaHUs NIPY MallMHHOM
cuntese [{HII-hunbTpoB moxpoOdHO paccMOTpeHa B
pabote [3]. ITocTaHOBKY KOHKPETHOM 3aJla4d MHO-
ropyHKIMOHAILHOTO CHHTE3a PEKYyPCHBHOTO Tayc-
coBa (UIBTPa HA MHKPOKOHTPOIUIEPE C pa3psii-
HOCTb ITpoIieccopa R MOXKHO 3amucath Tak:

F°(IX")=min F(IX),

IXel*, M
~5000 < a,, <+5000 d=1,2, i:@, ®
~5000 < b, <+5000 d=1,2, i=l,m,

a, {2}, q=0.R-1, ©)
zp| <1, i=lm, (10)

(|b0i|+| b, |+|b2i|+|a1i| +|a2i|)< 2 i=1,m, (1D

TJie M — YUCIIO 3BEHBEB BTOPOTO MOpsiiKa, d — UH-
Jekc kodhduimeHTa nepeaaTouyHo GpyHKIUU 3Be-
Ha (3).

DKcTpemanbpHas 3amaya cuHTe3a (7) 3ammcaHa
OTHOCHUTENBHO IIEJIOYHCICHHOTO IPOCTPAaHCTBA
napametpoB (ko3 dummenToB ¢unpTpa), pazmep-
HOCTBIO Om. OrpaHndeHus (8) 3aJar0T TPAHHUIIBI
H3MEHCHUS 3THX LETOYUCICHHBIX KO3(PUITHEHTOB,
a cootHouenue (9) ompenensieT MPUHAICKHOCTD
K03(hHUITHEHTOB a(; OMHOMHATBHOMY paxy. DyHK-
uoHaNbHbIe orpanudeHus (10) KOHTpOIMPYIOT B
IIpoLlecCCe CHHTE3a YCIOBHE YCTOMYHMBOCTH PEKYp-
CHBHOT'O rayccoBa (UIbTpa IO BCEM IOJIFOCAM KO-
a¢dunuenTa nepenaun, a orpannyenus (11) omnpe-
JICTSIIOT  BBITIOJIHEHHE TpPeOOBaHUi, CBSI3aHHBIX C
KOHEYHOH Pa3psiAHOCTHIO BHYTPEHHUX alNapaTHBIX
BbluKclieHud. [lonckoBoe WTEepaTUBHOE peElIeHUE
9KCTpeManbHON 3axaun (7) B 3aJaHHOM IIPOCTPaH-
CTBE MapaMETPOB OCYIIECTBIISUI MPOrPAMMHBIN aj-
TOPUTMUYECKUN KOMILJIEKC LIETOYMCICHHON MHUHU-
MHU3aIlMd MHOTOMEPHBIX HONHMOJANBHBIX (YHK-
[UH, 00pamasch K MOIEIEHOMY OJIOKY HpOrpaMMBbI
JUIs pacuéra TeKyIUX (YHKIIMOHAJIBHBIX XapaKTe-
puctuk ¢misTpa. Bektop 1x’, MUHUMU3UPYIOIUN
ckamspHyto 1eneByro ¢pynkuuto F(IX) Ha MHOXKe-
CTBE JIOMYCTUMBIX IIeJIOYNCICHHBIX perieHui (8) u
(9), sBusercst 3 (PEeKTUBHBIM pELICHUEM 3a1adu
MapaMEeTPUYIECKOT0 CHHTE3a PEKYPCUBHOIO TaycCco-
Ba ¢uibTpa. Cnenudukoil 3a1aun B TaHHOM CIy-
Yyae sBIUIACH HEOOXOAMMOCTH KOHTPONS BCETO
IJIABHOTO MHTEpBaJia IU(PPOBBIX YaCTOT rayccoBa
¢unpTpa, T.K. IPH ITOMCKOBOM pEIIECHUH 3a1add
cuHTe3a (7) BO3MOXKHO TOSIBJICHUE OOKOBBIX JIeTe-
cTkoB AUX ¢unpTpa, ypoBeHb KOTOPBIX JOIDKEH
ObITh MUHUMaJIEH. [ToaTOMY TIeneBoi (hyHKITMOHAT
JIAaHHOH 337324 GOPMHUPOBAJICS B BUJIC I TUTUBHOM
CBEPTKH YETHIPEX YACTHBIX IIENEBBIX (DyHKIMI
f{(IX), KOoTOpHBIE ONPENEISUTH Ty WIH HHYIO 00JIacTh
AUX rayccoBa ¢unbTpa b0 ero (Ha304acToTHYIO
XapaKTEePUCTUKY:

FIX)=B, /;(IX)+B, 1, AX)+B, /,AX)+B, £, (AX). (12)
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Tabauya 1
IMokasaTenu rayccoBa (pUIbTpa 3ananue Cuntes OKCIIepUMEHT
LenTpanbHas yacrora, I'p 500 502 504
[Tonoca mpomyckanus, I'g 25 24.9 25.1
CKO peanuzamyy rayccoBod (popMBI B TIOJIOCE IO YPOBHIO 0.02 0011 0018
0.01, ne Gonee
Da30Bble NCKAKEHHS B MOJIOCE, TPaL 2 1.5 2.7
YpoBeHb NOOOUHBIX JICIECTKOB, 1b -40 -43.5 -41
Tabruya 2
3meHo puibTpa KoaduuyenTs! nepenarodHoi GpyHKIMYN rayccosa GUIbTpa
ag aj a) b() b] b2

1 4096 -1844 1543 884 -340 -2081

2 4096 -1243 261 -2137 -1069 -2106

3 2048 155 1888 -1041 -2370 80

4 4096 -291 3743 -109 47 -106

5 4096 -1655 554 -2348 2732 -1874

6 4096 -786 559 -306 1920 526

7 2048 857 543 898 -2308 633

8 4096 -103 3531 2898 1514 -110

Yacrnas nenesas ¢pyHkius f1(1X) ¢ Becom P1=1
(opMupoBaia 30Hy OCHOBHOT'O TayCccOBa JICTIECTKa
¢bunpTpa, PacCUNTAHHOTO MO cooTHomeHuw (1)
JUISL 3aJaHHOW TIOJIOCH! NPOIyCKaHMsA (DUIBTpa, U
onpeiesiach  CPeIHEKBAJAPATHUYHOW  OMIMOKOM
(CKO) — orxnonenuem Tekymet AUX ¢unbsTpa oT
naeanpHol rayccopol AUX, paccuMTaHHOM IO
cooTHomeHuto (3). Takum oOpa3zoM, JaHHOE Yac-
TOTHOE OKHO KOHTPOJHPOBAJIO OCHOBHOH TrayccoB
JICTIECTOK B MHTEPBAJIC 33JJaHHOTO YPOBHS IIOAABIIE-
HUS TOOOYHBIX JIETIECTKOB (YPOBEHB )y Ha puc. 1).

Yacraas nenesas ¢yakuus fH(IX) ¢ Becom
B,=0.2 ompenensia BHEMOJOCHOE (BHE TrayccoBa
JieTiecTKa) MOJaBJIeHUE MOOOYHBIX JICTIECTKOB Ha
HHTEpBaJie MU(PPOBBIX YAaCTOT HMKE rayccoBa Je-
MeCTKa.

Yacraas neneBast ¢yakuus f(IX) ¢ Becom
3=0.2 ompeznensia BHEMOIOCHOE TOJABICHUE T10-
OOUYHBIX JICHIECTKOB II0 YPOBHIO )( Ha HMHTEpBale
IUGPOBBIX YACTOT BBHIIIE OCHOBHOI'O rayccoBa Je-
IIeCTKa BIUIOTH 10 yacToThl HalikBucra.

Yacraas nenesast ¢yakuus f2(IX) ¢ Becom
B4=0.1 onpenensina Tpedyemyro nuHeitHOCTE DUX
B IIOJIOCE MIPOIYCKAaHUS rayccoBa (hUIIbTpa.

VYKa3zaHHbIE XapaKTEPUCTUKU IpaUUIecKH BBO-
JUIIICh B COOTBETCTBYIOIIEE OKHO (DYHKIMOHAJB-
HOT'O pellakTopa MakeTa CHHTEe3a U 3aTeM OILudpo-
BbIBaJIMCh. Hipke MPUBOAUTCS MpUMEp pPEIICHUS
3aJa4d MHOTO(QYHKIIHOHAJIBHOTO IIEJIOYHCIEHHOTO
CHHTE3a TayccoBa peKypcuBHOro ¢uibTpa 16-T0
nopsiaka ¢ JoopoTHocThr0 O = 20. McxomHble naH-
HBIE JUI1 CHHTE3a IIPHUBEIEHBI BO BTOPOM CTOJIOIE
Tabnuus! 1. B Tperbem cronliie yka3zaHbl 3TH IOKa-
3aTeNy MO pe3yNbTaTaM CHHTE3a Ul YacTOTHI JHC-
kpetusanuu 2 kI’ npu ypoBHE IOJaBJIEHUs IO-
6ounbIx jenectkoB )y = 0.01 (-40 nb). Bpems pe-
nreHus 3agaun Ha OBM He npebimano 20 MUHYT,

npudéM 3HauCHHE LieneBoro ¢yHkiuoHana (12) B
HayaJIbHOM TO4YKE IIOMCKAa CcOoCTaBisuio 892, a B
TOYKE ONTUMAIBHOTO IEIOYUCIEHHOIO PpelIeHUs
IX’ 65110 paBro 0.00015 TIPH TONHOM BEITOHE-
Huu ycioBuid (10) ycToiiumBOi paboOTHI rayccosa
¢unpTpa. B Tabnuie 2 npuBeneHBI ONTHMANbHBIC
3HAUYEHMsI LIEITOYUCICHHBIX K0d(duineHToB mnepe-
naToyHOH (yHKIUU PuiIbTpa, a Ha pHuc. 4—7 npea-
CTaBJICHBI TPaUKH €ro (QYHKIMOHAIBHBIX Xapak-
TEPUCTHUK TI0 CUHTE3Y.

Kak BumHO m3 Tabmun 1, 2 U pUCYHKOB, BCeE
TpeOoBaHus N0 (QYHKIIMOHATBHBIM TOKA3aTeNsIM U
XapaKTepHCTHKaM TayccoBa (pHIbTpa ObLIM BBIION-
HEHBI ¢ BBICOKOH TOYHOCTBIO M OIIMOKa peaan3aliuu
rayccoBoit popmbel AUX Obu1a MUHIMAJIBHOM.

B urore, kak mokazanao MpaKTUYECKOE peIIeHUe
3aaud CHHTE3a, IIeJIOYHCICHHBIE MPOSKTHBIE pe-
nIeHus! pUIBTPOB ¢ HU3KOM JOOPOTHOCTBIO peanu-
3yIOTCSl OTHOCHUTENIFHO JIETKO U IIPH MaJIOM TOpSiA-
ke N rayccoBa ¢unbTpa. JlanpHelimee yBeandeHUE
JOOPOTHOCTH OBLIO BO3MOXHO TOJBKO MpPHU MPO-
MOPLMOHATBHOM YBEIMYCHHH IOpsAAKAa TrayccoBa
¢unprpa (puc. 10), 9ro obecreunBaI0 MUHIMAIh-
HO TpeOyemsbiit ypoBeHb CKO peanmsanuu raycco-
BOM KpUBOM.

W3 npuBenénnsix Ha puc. 10 rpadukos BuIHO,
YTO MAaKCHMAaJbHBIE JOOPOTHOCTH PEKypPCHBHBIX
raycCOBBIX (DHIIBTPOB OI'PAaHHUMBAIICH 3HAUCHHEM
Omax= 35 — 40. Ha puc. 11 npusenenst AUX rayc-
COBBIX (DUIIBTPOB C PA3NUYHON TOOPOTHOCTHIO O |
nopsiakoM N, cunre3npoBanHbix MerogoM ITHIT.

[NpaxTdeckas peanmzariis CHHTE3UPOBAHHOTO Ta-
yccoBa [[HII-¢umbTpa ocymiecTBisiack Ha MHOTO-
(yHKIOHATBEHOM MHKpOKoHTpomtepe MSP430F1611
¢upmel Texas Instruments [4] ¢ 1enouncieHHBIM
RISC-simpom pazpsaaocteio R = 16. OTimmunrens-
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Puc. 8. DkcmepumenranbHass AUX ¢wisrpa B monoce
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Puc. 9. OkcnepumenransHas AUX ¢uiisrpa Ha riaBHOM
HHTEpBae

M- nopagor rayccoed GWAETRA

10

Puc. 10. 3aBucumocts CKO ot 100poTHOCTH rayccoBa (GhuiibTpa
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Puc. 11. AUX rayccoBbIX (PHIBTPOB C Pa3IHIHOH JOOPOTHOCTHIO

HBIMH OCOOEHHOCTAMH JaHHOTO MHUKPOKOHTPOJIIE-
pa sBJISIETCS €ro HU3KOE 3HEepromorpebieHue, He-
BBICOKAsl CTOMMOCTh, @ TaKk€ BO3MOXHOCTH BBI-
YHUCIEHUH TOJBKO B QopMmaTe ¢ (PUKCHPOBAHHOMN
TOUKOH. M1 TONBKO Hanuuue LEJI0YUCIEHHOIO pe-
menust (Tabnuua 2) Mo3BOJIHIIO YCIICIIHO Pean3o-
BaTh Ha JaHHOM KOHTpOJUIEpE CIOXKHBIM peKyp-
CHBHBII rayccoB (HMIBTp MISCTHAAIATOTO HOPSIKa
C BBICOKOI TOOPOTHOCTHIO. BHemHuit Bua puibTpa
IIPEJCTaBIIEH Ha puc. 12, a ero sKClepUMEHTaIBHO
u3MepenHeie AUX npuBeneHs! Ha puc. 8, 9. U3me-
PCHUS OCYIIECTBIISUINCH HA MTAHOPAMHOM H3MEpH-
TeJle  YAaCTOTHBIX  XapaKTEPHUCTUK  IHU(POBBIX
(UNBTPOB, PEaIM30BAaHHOM B Cpele BHUPTYAIbHBIX
npubopos LabVIEW. IlpumedarensHO NpakTHye-
CKH TIOJIHOE COOTBETCTBUE HKCIIEPUMEHTAIBHBIX U
TEOpeTHYECKUX (10 CHHTE3y) XapaKTepHCTUK
(GUIBTPa, YTO M XapPAKTEPHO U IIU(DPOBBIX CUCTEM.

3akiarouenne

IIpoexktupoBanne UQPOBHIX (GHUIBTPOB CIEHHU-
anbHOM  (OpMBI  XapaKTEpHCTHK, IayCCOBBIX
(GWIBTPOB B YACTHOCTH, METOJAMH HEIWHEHHOro
MaTEMaTHYECKOro MPOrpaMMHUPOBAHHS O3BOJISET
CYILIECTBEHHO MOBBICHTh KauyeCTBO IPOCKTUPYEMO-
ro ¢unbTpa, 00ECIEYUTh COBOKYITHOCTh €T0 Tpe-
OyeMbIX XapaKTepHCTHK, 3aMETHBIM 00pa3oM co-
KpaTuTh Bpems pazpabotku [3, 5]. OcoOwlit uxTe-
pec TpencTaBiseT IPOSKTUPOBAHHE T'ayCCOBBIX
GWIBTPOB B NEJBIX YHCIAX, YTO MO3BOJISET OOec-
MEeYUTh MUHHMAIIBHOE BpeMs pacuéra OTKIIHMKa
¢unpTpa Ha BXOAHOE BO3JAECICTBHE, TO €CTh obec-
MeYUTh MaKCUMaJIbHOE OBICTPOJCHCTBUE TpH pa-
0oTe rayccoBa (MIbTpa B peaJbHOM BpPEMEHH.

VRTAREERT R

Puc. 12. Buemnuii Bux rayccosa [{HII-punbtpa

Kpome Toro, nenouucieHHoe perieHre Mo3BOJISET
YCIIENTHO PeajM30BhIBATh TaycCOBBI (DUIBTPHI Ha
MHUKPOKOHTPOJIIEpaX C IENIOYUCICHHOH apudme-
TUKOH BBIYMCIICHUI, Hanbomnee MenéBbIX U MPOH3-
BOAUTENBHBIX. M3 MaTepualioB, NPUBEAEHHBIX B
JIaHHOU cTaThe, BUAHO, uTo MeToasl LIHII-cunTesa
MO3BOJISIOT YCIENTHO MPOSKTUPOBATh PEKYPCHB-
HBIE TayCCOBBI (DPMIIBTPHI CO 3HAYEHUSIMU JOOPOT-
HOCTM BIUIOTH 10 50 Npu IpaKTUYECKU I1OJIHOM
MOJIaBJICHUH TOOOYHBIX JienecTkoB AUX u Henu-
HeriHocThio @UX mopsnka 1 — 2 rpan. Huxkakumu
M3BECTHBIMU KJIACCHYECKHMH IOIXoaaMu [6] pe-
IIUTh MOAOOHYIO 3a7a4y HeBO3MOXHO. [IpuBenén-
HbIE B CTaThe DKCIIEPUMEHTANbHbIC JaHHbIE 1O all-
napatHoii peanu3saiuu rayccoBbix L{HII-gunsTpos
Ha MUKpPOKOHTPOJUIEPE BIIOJIHE TMOATBEP)KIAIOT
TEOPETUYECKUE PACUETBI.
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INTEGER DESIGN OF GAUSSIAN DIGITAL FILTERS

V.N. Bugrov

The simulation and design of infinite impulse response (IIR) Gaussian recursive digital filters taking into ac-
count the possibilities of their practical realization in microprocessor controllers are considered. The problem state-
ment and solution of multifunctional synthesis of Gaussian digital filters by integer nonlinear mathematical pro-
gramming are given. An example of an IIR Gaussian filter design and its realization in the microcontroller
MSP430F1611 has been considered. A comparison of theoretical and experimental characteristics of the filter is

given.

Keywords: digital Gaussian filter, multifunctional synthesis, integer nonlinear programming, microcontroller, ob-

jective function.



