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NPUMEHEHUE METOAA NPOHU ANA AHAIIU3A BbIXOAHbIX
CUTHAINOB NPEOBPA3OBATEJIEN OABJIEHUA

O.10. Bywyes

USE OF PRONY’S METHOD WHEN ANALYZING THE SIGNAL
OF A PRESSURE TRANSDUCER

O.Yu. Bushuev

PaccmatpuBaercsi 3aa4a OLIEHKH YacTOTHON XapaKTepHCTHKHU npeodpa3oBaTeseil jaB-
JICHHS] IIyTeM CIIeKTPAJbHOI0 aHAJIM32a HMX BBIXOAHBIX CHrHaJ0B MeToaoM Ilponu. YkazaHbl
napamMeTpbl MeTO/a, BJHSIOIINE HA TOYHOCTh OLCHKHU, U MPeIJI0KeHbl CIOCO0bI yIy4YlleHus
padoToCcNOCOOHOCTH MeTO/IA 15l AaHAIN3A 3alIyMJIeHHbIX cMrHaoB. [IpuBenena gopmyia nus
pacyeTa ONTHMAJIBHOH YaCTOThbI AMCKPETH3AalMH aHaJu3upyemMoro curHaja. IloBbimenue
TOYHOCTH OLICHKH MOKA3aHO Ha MpHMepe.

Kniouesvie crnosa: memoo IIponu, uacmoma ouckpemusayuu, cnekmpanbhblil anaius, oopa-
bomKa cueHanos, OUAeHOCMUKA HeUCnPagHOCMell.

The paper deals with the task of a pressure transducer frequency response assessing by
means of spectral analysis. Parameters that influence upon the performance of Prony’s me-
thod when analyzing pressure transducer output signal are considered. A formula for calcu-
lating an optimal sampling rate is presented. An example of improving the performance of the

method is presented.

Keywords: Prony’s method, sampling rate, spectral analysis, signal processing, fault detec-

tion.

OnHOH U3 OCHOBHBIX 33Ja4, BOSHUKAIOLIUX MPU
pa3paboTKe CPEeCTB M3MEPEHHUS] C METPOJIOTHUECKIM
CaMOKOHTPOJIEM, SBIISIETCSI BBIABICHUE AMArHOCTHYE-
CKOr'0 IpU3HaKa WM npusHakoB [1]. B ciyuae Tenso-
METPHYECKOro IpeoOpa3oBarelisi JaBICHUS TaKHUMH
MPU3HAKAMU MOXET OBITh H3MEHEHHE IapaMeTpoB
BBIXOJHOTO CHTHAlla, HANpUMEp, 3HAYEHWH YacToT
COOCTBEHHBIX KOJICOAHHH JIIEMEHTOB KOHCTPYKIIMH
mpeobpaszoBarens [2].

B cpaBHeHMM C pacTpOCTpaHEHHBIMH METOJIaMU
CHEKTPalbHOTO aHajaM3a CUTHAJIOB, OCHOBAaHHBIX Ha
npeobpazoBannn Dypbe, METOJ IKCIOHEHIIMAIBEHOTO
anamm3a [Iponn oOmagaeT psAaOM CyIIECTBEHHBIX TTpe-
UMyIIEeCTB [3], B 4aCTHOCTH, OTCYTCTBYET MPHUHIUIH-
anbHOE OrpaHMYCHHE Ha pa3pelleHHe MO YacToTe.
CootBercTBeHHO, MeTox IIpoHM XOpOIIO MOAXOAMT
JUIs aHaJM3a KOPOTKHX CUTHAJIOB C BBICOKUM KOI(-
(UIMEHTOM 3aTyXaHus, a TaKKe MO3BOJISIET CYIIECT-
BEHHO MOBBICUTH TOYHOCTH OLCHKU 3HAYCHUH 4acToOT,
MIPUCYTCTBYIOIIMX B CHTHAJE, YTO HUIPACT BaKHYIO
pOJIb IIPH UCTIOJIB30BAaHUM 3TUX 3HAYEHUI B JAMArHo-
CTHKE COCTOSIHUSI Tpeo0pazoBaTes.

Bymryes Ouzer OpbeBuu — acnupant kadeaps HHpopMa-
LIMOHHO-U3MEPUTENbHOW TeXHUKH, FOkHO-Ypanbckuil ro-
CyIapCTBEHHbII yHUBEpcUTeT; bushuev@init.susu.ac.ru

3amava nmpuMeHeHus metona [Iporu utst aHamm3a
BBIXOJIHBIX CHTHAJIOB TIpeoOpa3oBaTescii IaBICHUS
MOJKET OBITh CPOPMYyNIMPOBaHA CIACAYIOIINM 00pa3oM:
HEOOXOJUMO OICHHUTh 3HAYCHHUS YaCTOT B BBIXOJHOM
CUTHaJIe mpeoOpa3oBatelis ¢ TOYHOCTHIO, TOCTATOY-
HOH /17151 TOTO, YTOOBI POBOJUTH THATHOCTUKY CEHCO-
pa Mo W3MEHEHMIO 3HAYCHUS 4acTOThL llpenBapu-
TEIBHOC MOJICIIMPOBAHKME TI0KA3aj0, YTO 3HAYCHHS
4acTOT HEOOXOIUMO ONpPENelsiTh C TOYHOCTHIO [0
tperbero 3Haka (0,1 %).

Jis pemicHus MaHHOW 3alayd HEOOXOJUMO HC-
ClIe/IoBaTh TMpEJebl TOYHOCTH, C KOTOPOM MEeTo[
[TpoHHU MO3BOJISET OLEHUBATH YACTOTHI, COJICPIKAIIUE-
Csl B CHTHAJIC OTKIIMKA TEH30MpPeoOpa3oBareisi B 3aBH-
CUMOCTH OT I[apaMeTpoB curHama (YpOBHS CHI-
HAJI/IIyM, 9aCTOThI AMCKPETH3ALUH, KOJIMYECTBA Yac-
TOT B CUTHAJIC, B3aMMHOW OJM30CTH YACTOT) M Tapa-
METPOB CaMOro MeToja (KOJIMYSCTBAa aHATH3UPYESMbIX
OTCYETOB, MOPSIJIKA MOJICIN M MPEANOoIaraeMoro 4uc-
Ja YacTtoT, JAPYIHX MapamMeTpoB, BBEICHHBIX JUIs
YMCHBIIICHUS BIIUSHUS IIyMa).

CrangaptHas npouenypa [IpoHu mnpeamnosaraert
CJIEYIOIIIIe OCHOBHEIC ATkl [4]:
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1. Onpexaencuue napameTpoB (K03()HUITHCHTOB)
JMHEHHOTO TPE/ICKa3aHMs, C IOMOIIBI0 KOTOPBIX
OCYIIECTBIISICTCS TTOATOHKA UMEIOIINXCS TAHHBIX.

2. dopmupoBaHHE W3 HaAWIEHHBIX KOd(dUIH-
€HTOB JINHEHHOTO MPEeICKA3aHNs XapaKTePUCTUIECKO-
TO TIOJIMHOMA U OTIPEJIETICHUE €T0 KOPHEH.

3. OreHka Mo KOPHSAM TOJMHOMA YacTOT U KO-
(pPUIMEHTOB 3aTyXaHUs CHHYCOHJI [UIT KaKIOTO
9KCTMIOHEHIMAIBHOTO YWICHA.

4. OueHKa aMIUIMTYJ] SKCIIOHEHT M HadaJIbHBIX
(a3 cuHycOMJ MyTEM peIleHUs] CHCTEMbl JIMHEHHBIX
YpaBHEHWUIA (€CIIH ATH OIICHKH HEOOXOTUMBI).

Jnst ynpomenuss WaeHTH(GUKAIMN SKCIIOHEHIH-
QIBHBIX CHTHAJOB Ha (hOHE LIyMa W YJIy4IICHHs TOY-
HOCTH OIIEHOK 3aTyXaHUs ¥ YaCTOThI IPUMEHSIOT Clie-
JIYIOIIUE TPUEMBL:

1. BbIOOp 3aBBIIIEHHOTO MOPSIKA MOJEIN CHUI-
Hasa (KOJIMYecTBa HKCIIOHEHT).

2. Paznoxenue Marpun TéEmmmua, y4yacTBYIO-
IIMX B BBIYUCICHUSAX KOI((PHUIMEHTOB, MO CHHIYIISIP-
HBIM YHCJIaM.

3. Hcnonp3oBaHue KOA(PGUIMEHTOB W HYJCH
MOJIMHOMA JIMHEHHOTO TpeJICKa3aHusl BIIEPE U Ha3al.

B merone mpucyTCTBYeT psij mapameTpoB, 3Ha-
YEeHUS! KOTOPBIX BJIMSIOT HA TOYHOCTH ONPECICHUS
gacToThl. COOTBETCTBEHHO, HEOOXOJMMO HCCIIE/I0BaA-
HHE BIIMSHUS JIAHHBIX MTapaMeTpoB Ha TOYHOCTh METO-
Ja W, €CIM 3TO BO3MOYKHO, INPEUIOKHUTH alTOPUTM
1o7100pa UX ONTUMAJILHBIX 3HAYEHHH.

[TapameTtpbl MeTO/1a TAKOBBI:

1. KommdecTBo aHanmm3upyemsix oTcueToB N. B
MPUHIONIE MOXET OBITh Kak MHHMMYM B JiBa pasa
Ooublile Ynciia SKCIIOHEHT B CUrHaje (B ciydae 3ary-
XaOIINX CHHYCOWJ Ha KaKAyl0 4acTOTy MPUXOIUTCS
TI0 JIB€ KOMITJIEKCHO COTIPSKCHHBIE SKCIIOHEHTHI). Be-
POSITHO, YBEJIIMUCHHUE KOJIMYECTBA OTCUETOB YJIyUIlaeT
pe3ynbTar.

2. Tlopsanok Mozenu p 1 NpeAIogaraeMoe Yucio
¢ dKCHOHEeHT. st caydast curHana 6e3 nryma JIydminm
SIBIISICTCSI TOYHOE yKa3aHHE KOJMUYECTBA 3KCIIOHEHT. B
Cilyyae HaJIW4Ms IIyMa IIOJIE3HBIM SIBIISICTCSI 3aBbI-
IIEHHOE 3Ha4yeHue p. DTo J00aBiseT JOMOIHUTEIb-
HBIE JIO)KHBIE KOPHH, HE CBSI3aHHBIC C YAaCTOTAMM CHT-
Halla, HO B TO K€ BpPeMs JaeT 0oyiee TOUHbBIE OIIEHKH
UMEIOIINXCSA  peasibHbIX 4YacToT. Ilpenmornaraemoe
YHCJIO DKCIIOHEHT HCIIOJIb3YETCSI TPH CHHTYJSIPHOM
pa3nokKeHuH MaTpullbl TEmmma i yIydieHnus Bek-
TOpa JAHHBIX M YMEHBIICHUS BIMSAHUS LIyMa.

3. Jlpyrue mapameTpsl, BBOAMUMBIE ISl yCTpa-
HEeHUs IIyma. B kauecTBe mpuMepa MOKET CITyKHTh
«pajyc 30HBI OOHAPYKEHUS», BBEICHHBIN B [5], CBSI-
3aHHBIM C OT/EJICHHEM DPEAJIbHBIX U JIOXKHBIX KOpPHEH
MOJMHOMA TPU HMCIOJIb30BaHUU KO3 UIIMEHTOB K-
HEWHOTO MpeaCcKa3aHusl BIIEpe U Ha3al.

[ToMumo mapameTpoB camMOro MeToja, Ha TO4Y-
HOCTh OLICHKHM OKa3bIBAIOT BIIMSIHUE NapaMeTpbl CHT-

Halla, TaKMe KaK ypOBEHb IIyMa, KOJMYECTBO CHHYCO-
UJl, X B3auMHas Onn3ocTh U T. 1. [lapameTpsl curHa-
JIa TaKOBBI:

1. Yacrora pmuckperusanmmu Fs curHaia. B
NPUHIUIE 3TOT TapaMeTp MOYKHO PpETYIMPOBATh.
Ckopee 3TOT mapaMeTp OTHOCUTCS K IapameTpam 00-
pabOTKHU cUrHana, HO, TaK WIIM MHa4e, OH BCE XKE CBA-
3aH C OTCUETaMH, KOTOPbIE TOJIBKO 3aTEM IIO0/BEpra-
1otcst 00paboTke meronoMm IIponu. Yacrora mauckpe-
TH3AlMU BIHMSET HA BBIYUCIICHUE YAaCTOTHI U KO HH-
IMEHTa 3aTyXaHMs, TaK KaK BXOJIUT B KayecTBE pa3-
MEpHOTO Kod(duIMeHTa B pacdeTHBIC (OopMynbl. B
pabore [6] mpeayokKeH anroOpuT™M BBIYHCICHHS OITH-
MaJIbHOM 9aCTOTHI JUCKPETU3AIINY [UIS /1 4ACTOT.

2. Ornourenue curnan/mym SNR. Onpenensier-
Csl KaKk OTHOIICHHWE IIOJIE3HOTO CHTHaja K YPOBHIO
myma. B ciiydae MoJIeNIbHOTO CHrHajga ero BbIUHCIIe-
HHUE HE MPEJCTAaBIACT OCOOCHHBIX TpyIHOCTEeH. B ciy-
Yyae peaJbHOr0 CHIHAJIA HEOOXOJMMO JOTOIHUTEIHLHO
npejsiarath METOJUKY OILIEHKH JIAHHOTO COOTHOIIE-
uus. Ilpemmaraercs B kauectBe SNR BwIOpaTh cite-
IYFOIIYIO BETHYHHY [5]:

SNR=10*1og;o(sum(S."2)/(sigma*sigma*N)),
rae S — 3Ha4YeHUs OTCYETOB MOJIE3HON YacTH CUTHAJIA;
sigma — cpemHekBanpatudeckoe ortkioHeHne (CKO)
myma; N — konudecTBo otcyeros. Jlyuwine, eciu 3Ha-
yenrue SNR OyZeT paccuuTaHo sl Kakaoro odpada-
TBIBAEMOT'0 OTPE3Ka CUI'HAINA.

3. KommuectBo L cuHycCOWj, NMPUCYTCTBYIONIHX
B curHaie. MM coorBeTcTBYeT 2*L IKCIIOHEHT. DTUM
YHCIOM OTpEensieTcss MOpsAaoK Moaenu. B cmydae
pearbHOrO CUIHANA, KAK MPABHUJIIO, HEU3BECTHO.

4. Bzaumuas Onuzocts cunycoun Af = |f1 — /2|
wi of = |f1 = 2|//1.

B kauecTBe nprMepa TOro, KaK 4acToTra JUCKpe-
TH3alMU CUT'HAJIAa MOKET BIHATh HA TOYHOCTH OLCHKH
Y4acTOTHI, HA PUCYHKE TIPUBE/ICHBI BOCCTAHOBJICHHBIE U
CMO/ICIMPOBAHHbIE 3allyMJICHHBIC CHUTHAJBI, COJEp-
JKallle TPU 4YacTOThl. M3 pHCyHKa BUAHO, YTO HaW-
Jydlllee BOCCTaHOBIICHHWE CHUTHaja MOJIydYaeTcsl Ipu
9acTOTe AMCKPETHU3ALUH, ONU3KONH K ONTUMAIbHON (B
nmaHHOM ciaydae — 3800 I'my).

OnTuMaIbHYyI0 4acTOTY JUCKPETHU3AMU CHUTHAIA
JUISl YIYYIICHUSI OLEHKU NP CIEKTPAILHOM aHaJIn3e
Metonom Ilponu B ciydae n dacToT f; < f, < ... < f,
MOJKHO BBIYHCIIUTS 110 (hopMmyIie

n
12
k
Fs=4n nL .
2 k=1,
k=l
JloTONHUTENBHOE  yIIy4IIeHHe paboTOCIOCOOHO-
cti Meroa [IpoHM MOXKET NaTh HCIOJIb30BAHUE Me-
TOAMKH pa3leNIieHUss CUTHala Ha YacTOTHBIE 30HBI C
MIOMOIIIBIO BEHBIET-PE0Opa3oBaHusl WM ITOJIOCOBOM
¢unpTpanmy.

220

BectHuk IOYpIY, Ne 23, 2012



MpumeHeHue memoda lpoHu Ons aHanu3a 8bIXOOHbIX CU2HA/N08

npeobpasoeamerneli 0assieHusi

1 I 1 I
0 0.005 0.m 0015 0.0z 0.025

a)

= 1 |
0 0.005 0.0 0014 0.0z 0.025
tio

6)

3allyMneHHbIn curdan (CnioLwHas JIMHUS) U ero PeKOHCTPYKLUMA (WTpuxXoBas): a) npu YactoTte guckpeTmusauum 2900 Mu;
6) npu yactoTe AuckpeTnsaumm 3800 Ny

Jumepamypa

1. Taumanos, P.E. Memponoeuueckuii camo-
koumpoas damuuxoe / P.E. Taiimanos, K.B. Canooic-
nuxosa // Jlamuuxu u cucmemwol. — 2011. — Ne 2. —
C. 58-66.

2. Bywyes, O.FO. Hccrnedosanue OuHamMuueckot
Xapaxmepucmuky MmeH30npeodpazoeamens O0A8IeHUs.
¢ yemvlo  OUACHOCMUKU €20  cocmosinus — /
O.FO. bywyes, A.C. Cemenos, A.O. Yepusigckuii //
Jamuuku u cucmemvt. —2011. —Ne 4. — C. 21-24.

3. Steedly, W.M. Statistical Analysis of TLS-
Based Prony Techniques / W.M. Steedly, C.J. Ying,
R.L. Moses // Automatica. Special Issue on Statis-
tical Signal Processing and Control. — 1994. —
P. 115-129.

4. Mapna-mn., CJIL Lugposou cnexmpanvholii
ananuz u ezo npunogcenus / C.JI. Mapnn-mn. — M.:
Mup, 1990. — 584 c.

5. Hlecmarxos, A.JI. Oyenxa Hecyueii uacmomoi
CIYHAUHOU NOCAEO08AMENLHOCIIU UMNYILCOE MEMO-
oom Ilponu / AJI llecmaxos, A.C. Cemenos,
O.JI. Hopsiesa // Becmuux IOVpl'Y. Cepua «Mame-
MAMU4ecKoe MoOeiupo8anue u npoepamMmupoOBanuey.
—2009. — Boin. 3. —Ne 17 (150). — C. 106-115.

6. Bushuev, O. Choosing an optimal sampling
rate to improve the performance of signal analysis by
Prony's method / O.Yu. Bushuev, O.L. Ibryaeva //
Proceedings of the 35th International Conference on
Telecommunications and Signal Processing (TSP),
Prague, Czech Republic. — 2012. — July 3—4.

Ilocmynuna 6 pedaxyuio 18 urons 2012 2.

Cepusa «KoMmnbloTepHbIe TEXHONOIMU, ynpaBneHue, paano3aneKTPpoHuKar, Bbinyck 16 221



