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B mocnemHee BpeMs BO3pOC HMHTEpEC K TNPUMCHCHHIO PACHPEICICHHBIX BOJIOKOHHO-ONTHYECKUX
U3MEPUTEIFHBIX CHCTEM. TaKhe CHCTEMBI C YCIIEXOM MOTYT OBITh HCIOJB30BAHBI ISl M3MECPCHHS IMapaMeTPOB
TEXHOJIOTHYECKOTO TpoIiecca (TeMIepaTrypsl, JaBICHHSA) B IMPOLECCe MPOW3BOJCTBA M3ICIHA W3 KOMIIO3UTHBIX
MaTepUANIOB, JJIsI W3MEPCHHs MapaMEeTPOB SJICKTPUYCCKUX, MATHATHBIX M aKyCTHUYCCKHX [OJICH, W3MEpPCHHUS
MEXaHUYECKUX HATPSDKEHUI BHYTPH CTPOUTENBHBIX KOHCTPYKIMH U T.11.

B KauecTBE OCHOBOIOJATAIOUIMX TPHUHIMIOB MOCTPOSHHS PACIPEICICHHOW BOJOKOHHO-ONTHYECKOMN
mmeputenbHoit cuctembl (PBOUC) B paboTe WCMoNb30BaHBI TOMOTpadUIecKre MPHHIUIB cOopa W 00pabOTKH
HU3MEPUTENHHON HMH(POPMAIMKM B COYETAHHH C BOJIOKOHHO-ONTHYECKUMH HHTEpHEPOMETPaMH, UCIOIb3YyEMBIMU B
KadecTBEe JATYNKOB U3MEPSAEMOTO GU3NIECKOTO Tosl. OUeBUIHO, UTO CIIOKHOCTH AITOPUTMOB 00paOOTKH CUTHAJIOB B
TaKUX CHCTeMax U OOJbLIONH O0beM BBIYMCICHHH, HEOOXOOUMBIA IS IMOJYYSHHS HCKOMBIX pe3yJbTaToB, He
OCTaBJIICT COMHEHUII B IIENIECO00Pa3HOCTH UCTIONB30BaHUS IIU(PPOBEIX METOIOB 0OPAOOTKH.

[puHIUI NEHCTBUS BOJIOKOHHO-ONTHYCCKUX WHTEP(PEPOMETPUUECKAX TATIYMKOB OCHOBAH HA H3MEPCHHU
capura (ha3bl ONTUYCCKON HECYIICH JOCTATOYHO MOHOXPOMATHUYCCKON CBETOBOI BOJHBI B OJJHOMOJIOBEIX CBETOBOAAX
ITOJT BIIMSHUEM BHCINHUX (DPU3UYCCKUX MOJeH. Eciu amekTpryeckoe Mojie CBETOBOW BOJIHBI Ha BBIXOJE BOJOKOHHOTO
CBETOBO/IA MPEIICTABUTH B BHUJIC

E(r,p,L,t) = AE(r,p)cos(wt — ﬁL)’
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HetpyaHo 3aMeTHTh, 4TO NpH NPSMOIMHEHHOM PpacHOI0XKEHUH BOJOKOHHOIO CBETOBOAA COBOKYNHOCTb
unterpanos (1) Mo BceM BO3MOXHBIM TIPSAMBIM B Kakoil-nu6o miockoctd (X, y) ONpenenseT HHTErpaibHOe

npeoOpasoBanue Pamona nBymepnoit Gynkiumu F(X,y), mmpoko Mcnosb3yeMoe B KOMIBIOTEPHOH TOMOrpaduu.

Orcrona CiIemyeT BBIBOA O TOM, 4YTO MCXOAHOE Tojie F MOXHO BOCCTAHOBHTB, HCIOJB3YS Pa3IHIHBIC METOIBI
PEKOHCTPYKINH n300pakeHn# [1,2].

Da30BbIil CABUT CBETOBOH BOJIHBI B BOJOKOHHOM CBETOBOZE O MOKHO M3MEPSTh C IOMOILBIO PA3IHUHBIX
ontryeckux cxeMm: natepdepomerpo Padpu-Ilepo, Maxa - [lannepa, Canbsika, MalikenbcoHa u ap. OmHaKo BO BCeX
STHX CIy4asx NPUHOUN HHTETPATBFHOTO “‘CUMTHIBAHUS BO3ACHCTBUS OyIOeT COXpAHATHCSA, H3MEHATHCS OyHer
KOA(PUIUEHT IPOTOPIHOHATEHOCTH MPH MPe0Opa30BaHUM CBETOBOTO MOTOKA B (DOTOTOK.

BripaxkeHHe, OIpEesIIoniee WHTETPATBHYI0 3aBUCHMOCTh BEIMYHHBI, PETHCTPUPYEMOM JaTYNKOM, OT
BHCIITHETO BO3JCHCTBHSA, MOXET OBITh IOJYYEHO TAKKe U1 JaTYMKOB JPYTHX BUAOB MOIYJIALIUH (aMIUTUTYAHBIC,
MOJISIPU3aMOHHbIE U JIp.). Da30BEIe Mpeodpa3oBarTen, Kak HanOoJee YyBCTBUTEIBHBIC, HAN0O0Iee PUBJICKATEIEHBI U
nepcnektuBHsl 11 PBOUC.

CTpyKTypHas cXeMa pPAacHpelelICHHOW BOJIOKOHHO-ONTHUYCCKON H3MEPHUTEIBHOW CHCTEMBI, H3MEPUTEIBHOC
mmojie KOTOPOH COCTaBIIeT MaTpHIla OJHOMOJOBBIX B3aWMHO-OPTOTOHAJBHEIX wuHTephepomerpoB Dadpu-Ilepo,
TpUBEJIeHA HA PUCYHKE 1.
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Puc. 1. CtpykrypHas cxema pacnpeeIeHHON BOJTOKOHHO-ONTHYECKOH U3MEPUTENLHON CUCTEMBI.

Brixonpr uHTEp(EpPOMETPOB MOCIE NPeoOpa3oBaHMSA B DICKTPUUECKHI CHTHAJI C IMOMOINBIO JIMHEHKH
(dhoTonpueMHUKOB, MyabTHILIEKCUpoBanus (MII) u mpeobpazoBanus B mudpoBoit ko (ALIIT) mocTymaroT B KadecTBe
OTHIENBHBIX TOYEK TIPOCKIUH JBYMEPHOTO pacmpeaeneHuss wuMmepsemoro 1oyt B [IOBM mms mocnemyromiei
00paboTKH.

IIpu mpoxoxaeHWW Jyda Jla3epa IO BOJOKOHHOMY CBETOBOIY (BOJIOKOHHOMY HWHTEphEepoMeTpy),
PACIIOJIOKEHHOMY B M3MepsieMoM (u3udeckoM moie (00macts D), ocyiecTBIseTcs UHTErpaibHOE MpeoOpa3oBaHue,
KOTOpOE B CIy4ae IPSMOJIMHEHHON TpaeKTOPUH BOJIOKHA SBISIETCS Mpeodpa3oBanueM PanoHa.

Nudopmanus 00 wusMepseMoil BeluuuHE (WM COBOKYITHOCTH HM3MEPSICMBIX BEIUYWH) COACPIKUTCS B

u3MeHeHuH (a3bl CBETOBOM BONHBL Tak, Mpu Bo3eicTBUM TeMnepatypHoro nojisi 1 (X, y) Ha obnacts D Ha BeIxozie

KQXJIOTO U3 BOJOKOHHBIX WHTepdepoMeTpoB mo crtpokaMm (i=1..N) u mo ctonbuam (j=1..N) MOSBISIOTCS CHTHAIIBI,
KOTOpBIE MOTYT OBITh MHTEPIPETUPOBAHBI KaK OTIEJbHbIC TOUYKH MPOCKIUH paclpe/eeH s TEMIIEPATYPHOTO MOJIs B

obmactu D Ha ocu X m Y coorsercteenHo ( PX u PY npoexuun). Ucnons3ys ussecTHble TOMOTrpaduuecKue
METOIBl BOCCTAHOBJICHHS H300paKEHHMs MO IPOEKIMAM M IIPH JOCTATOYHOM YHCIE TAKUX IIPOEKIHI MOMKHO
PEKOHCTPYMPOBATh pacrpesieeHue Temnepatyproro moas 1 (X, y).
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B pabore aHanM3WPYIOTCS METONBI PEKOHCTPYKIIMH W BOCCTAHOBICHHUS JIBYMEPHOTO pacHpeneicHUs
n3MepsieMoro  (M3MUECKOro TOJII IO  TNPOSKIWSAM, TIIONydaeMbIM Ha  BBIXOAE  BOJIOKOHHO-OIITHYECKHX
nHTepdepomerpoB. Ha ocHOBe MeToga oOpaTHOTO MPOSIMPOBAaHUSA ¢ (QMIBTpAled MpeIiaracTcs aJIropUTM
PEKOHCTPYKIMM HamOojee NPHEMIIEMBI C TOYKH 3pEHHS peaM3allii B CHCTEMax pEaJTbHOTO BpeMEeHH. Tak

PX.
MNPUMCHHUTECIIBHO K MPCAJIOKECHHOU CXEME, UCIIOJB3YIOIIEU ABE OPTOrOHAJIbLHBIC IMPOCKIIUU U3MEPSICMOTO IMOJIA ‘'n

I (rne ' = 1+N , j=1 TN), UTEPALMOHHBIM aITOPUTM PEKOHCTPYKLUU TEMIEPaTypHOIrO IMOJIs T(x,y) B
o6nactu D 1o mosydeHHBIM MPOESKIMAM 3aIUIIETCS CIESAYIOMIMM 00pa3oMm.

y X, y
Ha mnepBoii uTepanuu npoucxoauT "pacTsIruBaHue" MHPOEKLUU i mo oou V. B pe3yJibTaTe ITOU

xl. .
orepanuu 1nojay4acM HadaJlbHbIC 3HAYCHUA MaTPULIbL by

PX.
o =
12%) N
ByHeM CYUTATh IIOJIYUYCHHYIO MATPUIy PE3YJIbTaTOM HepBOﬁ HUTCpal aJlropuTMa PEKOHCTPYKIHH. Ha
BTOpOﬁ UTCPpAlMU TPOUCXOAUT KOPPEKIUA SJIEMCHTOB MATPUILILI bJ C YUCTOM HOBBIX 3HAYEHUH IMPOCKIIUU IO OCHU
y , KOTOpasd BbIYUCIIACTCA KaK
N
i=1
CKOppeKTI/IPOBaHHLIe 3HAYCHUA MAaTPpULbI TCMIICPATYPHOT'O MTOJIA TTOCJIC BTOpOﬁ UTCpaly 3allMIIYTCA B BUJC
PY1.—-PY,;
— J J
2=l T
L] L] N
OmnucanHas npoueaypa mpoaojnkKacTesd ¢ HOBbBIMU 3HAUCHUSAMU HpoeKHHﬁ, a pE3yJibTaTbl PEKOHCTPYKUHU

YCPEIHSIOTCA.

W3mepenne (GU3MYECKUX MapaMeTpoB (TEMIEpaTyphl, AABJICHHS, HANPSHKEHHOCTH M JAp.) C TMOMOIIBIO
BOJIOKOHHO-OTITHYeCKUX uHTEpPepomMeTpoB (BOW) ocHOBBIBaeTCsS Ha M3MepeHWH HaOera (as3bl MO JIEKTPUIESCKOMY
CHrHaly Ha Bbixoze (oTonpueMHUKOB. [yt pOpMUPOBaHHS CHHYCOMAAILHOTO OTKIMKA OJJHOBPEMEHHO OT KaXKIOTO
BBICOKOYYBCTBHTEILHOTO ~HMHTEppepoMeTpa B CO3JAaHHOW CHUCTEME HCIOJIb30BAJICS OJIUH  OJHOYACTOTHBIN
oTynpoBoHUKOBEIA POC-n1azep (pabodast mmuHa BOJHBI 1,55 MKM) B peXuMe CKaHHUPOBAaHHUS YaCTOTHI Te€HEpAITUH
MIPY TUTAHWU €r0 UMITYJIbCAMH JINHEWHO W3MEHSIOIIEr0Csl TOKa HaKauyKd. DTO TO3BOJISIIO B OTCYTCTBUE (PU3UUECKOTO

BO3/ICHCTBUS HAJEKHO (PUKCHPOBAThH HAYAILHOE 3HaUeHHE Habera Gasel 0 M OCYIIECTBIIATH CIEKEHHUE U N3MEPEHHE

¢azoBoro capura 60 10 BBIOPAaHHOMY aJITOPHTMY B IIMPOKOM Anana3zoHe (U3MYECKuX BO3xeiicTBHH. B kadecTBe
YyBCTBHTENBHBIX HHTephepomeTpoB Pabpu-Ilepo MCHoIb30BaINCh OTPE3KH OJHOMOJIOBBIX CBETOBOJOB JIHHOH 20
CM, MOKPBITHIX NMOMHHUEM. TakuMm 00pa3oM, pasMepsl YyBCTBUTENBHOH 30HBI coctaBmmm 20 x 20 cm. M3mepenus
TeMIEpaTypHBIX MOJeH MoKas3alu, 4YTO TeMIepaTypHas uyBcTBUTenbHOCTH BOW cocrtaBnser mnopsaka 40

paolm* OC. [Tpn u3mMeHeHun temmepaTypsl B Iuiede uHTepdepomerpa Ha 1 rpagyc Ha BbIxone (OTONPUEMHHKA
($UKCcHpyeTcsl CMEIIEHHE CHHYCOMJ Ha 7 TEpUOAOB M pe3yibTaThl COOTBETCTBYIOLIIMX HW3MEpEHHH Habera ¢as
MOCTYMaIOT B cucTeMy oOpaboTku. Ha puc. 2 B kauecTBe mpuMepa MpUBEICHA ABYXMEPHAs KapTHHA TEMIIEPATYPHOTO
TI0JISI TAJIOTEHHOM JTaMIIbl, I3MEPEHHAs ¢ MOMOIIBIO CO3JaHHON M3MEPHUTENBLHON CUCTEMBI M PEKOHCTPYHPOBAHHAS TI0
OIIMCaHHOMY B IaHHOW paboTe aNropurMy.

B pabGote 6bu1 pa3zpaboTan 1uppoBOi METOA yCTpaHEHHS HEOMHO3HAYHOCTH U CICKEHHs 3a (a3oil curHaiga
Ipu U3MepeHnu (Ha30BOTO CIBUra Ha BBIXOJE (DOTONPHEMHHUKOB. BpeMeHHas m yacTOTHas peanu3anus JaHHOTO
METO/a TMOJTBEPIMIN €ro BBICOKYIO 3((EKTUBHOCTH M IOMEXOYCTOHYMBOCTH. [y BbIIeNeHUsT MHpOpManuu o0
n3MepsieMOM TapaMmeTpe (Harmpumep, Temreparype) Ha (OoHe MEIIAroUIMX BO3JACHCTBHH (IaBieHHE, BHOpaLiH)
npeaaraeTcs BBOJWTh B CHCTEMY HHTEp(EpOMETphl Ha BOJIOKHAX, O0JagalolMX pPa3sHOW YYBCTBUTEIBHOCTBIO K
BO3JCHCTBHIO DA3IMYHBIX mapaMeTpoB. Ilpeamaraercd anropuT™M KOMIIEHCALIMM MEIIAIOMIMX BO3AEHCTBHI,
OCHOBaHHBIH Ha anpuOpHOW WH(OpManWH, MOJTYYEeHHOH B pe3yibTaTe NMpPEABAPUTEIbHONH KAIMOPOBKH CHUCTEMBI U
aHaJIM3e ee peaKkIny Ha BO3/ICHCTBHE MOJIeH Pa3InYHON (U3NYECKON TIPUPOIBL.
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Puc. 2. Pactipenenenne TeMIepaTypHOTO OIS TAIIOTEHHOM JIAMITBL.

[MpuBeneHbl pe3ysibTaThl JKCIEPUMEHTAIBHBIX HCCIICAOBaHUI 00pasia pacrpeieieHHOi BOJOKOHHO-
ONTHYECKON CHCTEMBI pa3MepHOCTH 8*8. DKCIepUMEHTALHO MOATBEPKIeHa pab0TOCTIOCOOHOCTh U AP (HEKTUBHOCTD
MPUHIUIIA T[IOCTPOCHHS PACIpE/ICICHHOW BOJOKOHHO-ONTHYECKONW H3MEPHUTENIbHOW CHUCTEMBI, IOJATBEPIKICHA
paboTocnocoOHOCTh U 3(PPEKTUBHOCTh MPEIIOKEHHBIX METOAOB M aITOPUTMOB 0OpaOOTKHM CHTHAJOB, H3MEpCHA

(0]
TeMIepaTypHasi YyBCTBHTEIBFHOCTh KOHKpETHOTO oOpasma cuctembl, coctapisiomas 0,01 C s Jrana3oHe

TemnepaTyp oT kpuoreHusix o 200 — 300 °C.
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DIGITAL SIGNAL PROCESSING IN DISTRIBUTED FIBER-OPTICAL MEASURING SYSTEMS
Belovolov ML, Platanov S.V., Romanovsky A.S., Chernicov A.S., Chukhrov S.Ju.

Bauman Moscow State Technical University
2-nd Baumanskay street 5, Moscow, 107005, Russia

Interest to application of distributed fiber-optical measuring systems recently has increased. Such systems
with success can be used for measurement of parameters of technological process (temperature, pressure) during
production of articles from composite materials, for measurement of electrical and magnetic fields parameters,
measurement of mechanical efforts inside building constructions etc.

As establishing principles of construction of the distributed fiber-optical measuring system (DFOMS) we
used principles of a computer-aided tomography in a combination to fiber-optical interferometers used as sensors of a
measured physical field. Obviously, that the complexity of signals processing algorithms in such systems and large
volume of evaluations necessary for deriving of required results does not leave doubts in expediency of usage of
digital methods of signal processing.

The principle of operation of fiber - optical interferometric sensors based on measurement of a phase shift of
a light wave under influence of the external physical factors. The electrical field of a light wave at output of an optical
fiber can be presented as

E(r,@,L,t)=AE(r,9)cos(ot—BL),

where 7® - polar coordinates in cross section of the optical waveguide; L. length of the optical

waveguide; ﬂ - the propagation constant of the lightguiding mode. Here a term ﬂ L appears as information parameter
in phase sensors included in argument of cosine.

F()

It is shown, that change of a phase progression of a light wave under field action can be written as

Ly
S =(o+B By | F(1)dl, (1)
0

where & - fixed parameter depending on a type of the optical fiber.
It is uneasy to note, that at rectilinear arrangement of an optical fiber the set of integrals (1) on all possible

straight lines in any plane (x, ) determines integral Radon transform of a two-arguments function F(x.y ), widely

used in a computed tomography. An output from here follows that the initial field F can be restored, using different
methods of image reconstruction [1,2].

The phase shift of a light wave in an optical fiber 6@ can be measured with the help of the different optical
circuits: Fabry-Perot interferometers, Mach-Zehnder interferometers, Michelson interferometers etc. However in all
these cases the principle of integral «reading» of effect will be saved, the constant of proportionality will vary at
transformation of a light intensity to a photocurrent.

The experimental set-up of a distributed fiber-optic measuring system were created. The measuring field of
DFOMS makes the matrix of single-mode mutual - orthogonal fiber Fabry-Perot interferometers.

The signals from interferometers after transformation it into an electrical signal with the help of a
photodetectors array, multiplexing and conversion to a digital code act as isolated points of projections of two-
dimention distribution of a measured field at PC for processing. At transmission of the laser ray on an optical fiber
(fiber interferometer), located in a measured physical field, the integral transformation is carried out which is a Radon
transformation in case of a rectilinear trajectory of a fiber in the measurement system.

The information about of measurand (or set of measurands) is contained in a phase change of a light wave.

So, under the influence of a temperature field T(x,y) on fibre-optical interferometers (FOI) area at the output of
each of fiber interferometers on lines and on columns there are signals, which can be interpreted as isolated points of a

projection of a temperature field distribution in FOI area on an axis* and Y correspondently. By using of well
known tomography methods of image reconstruction on projections and under sufficient number of such projections it

is possible to renovate of a temperature field distribution T'(x,y) with the designed accuracy.

The methods of renovation and restoring of 2D-distribution of a measured physical field on projections
obtained from fiber-optic interferometers are analysed. On the basis of a method of a return projection with a filtration
the algorithm of renovation is offered most acceptable from the point of view of implementation in real-time systems.

The measurement of physical properties (temperature, pressure, strength etc.) with the help of fiber-optic
interferometers is based on measurement of a phase changing in an electrical signal from photodetectors. The
extremely high sensitivity of FOI allows to detect very small changes of measured parameter. The temperature

-1 -1
sensitivity of FOI is of 40 T ad*m~ *°C™ Ty s equivalent to saying that for 1m of fiber length and

1°C change in temperature the phase sweeps through approximately 7 fringes (periods). Therefore for tracking
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change of measured parameter in large range it is necessary permanently to track of a signal phase on an each of a
photodetector and to measure a phase variations stipulated by these changes. The digital method of elimination of
ambiguity and tracking a phase of a signal at measurement of phase shift on an exit of a photodetector was designed.
Temporary and frequency implementation of the given method had confirmed its high performance and noise
immunity.

In real conditions of measurements on a measuring field of fiber - optical interferometers effects apart from
measured parameter (for example, temperature) non-instrument parameters (for example, pressure). One of the special
requirements to a system is the selection of the information about measured parameter on a background of hindering
effects from non-measurement parameters. For the solution of this problem it is offered to enter additional measuring
FOI, optical fibres of which have different sensitivity to effect of different parameters. The algorithm of compensation
of hindering effects is offered. This algorithm is based on the prior information obtained as a result of preliminary
calibration of a system and the analysis of its response on effect of fields of a different physical nature.

The results of experimental researches of a sample of the distributed fiber-optical measuring system of 8*8
dimension, manufactured on the basis of fiber-optical Fabry-Perot interferometers are represented. Functionality and
efficiency of a principle of construction of the distributed fiber-optical measuring system and also efficiency of
offered methods and signals processing algorithms are confirmed experimentally.
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