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OIITUYECKASA MYJbBTUCEHCOPHASA CUCTEMA
JIJIA HEMHBABUBHOM JUATHOCTUKHU

PaccMmoTpena HOBast CTpYKTypa onTU4YecKoi MynbTuceHcopHoi cucteMbl (OMC), B KOTOpPOH BMECTO CENEKTUBHBIX
ONTUYECKUX CEHCOPOB MPUMEHEHBI MOJUCEICKTHBHBIC CEHCOPHI, OTIHYAIOIINECS HATHYUEM IOJIOCOBBIX (HUIBTPOB
C HEpaBHOMEPHOU CIEKTpaIbHOM XapakTepucTUKOi. [1o OlleHKe MHTEHCHUBHOCTU KOMIIOHEHTOB CBETA, OTPAKEHHOTO
OT OMOJNIOTHYECKUX TKaHEH, NENaloTCs BHIBOABI O (DYHKIIMOHAIEHOM COCTOSIHAW OpTraHm3Ma uenoBeka. CreKTpaib-
HBIA COCTaB CBeTa OONydYCHHS IIal[HeHTa OIpenesieTcss HabOpOM MOHOXPOMHBIX ONTHYECKHUX H3ITydaTelIei.
[Ipr HEOOXOAMMOCTH W3MEHEHHE CIEKTpa OOJTYYeHHS MPOU3BOIUTCS CMEHOW Habopa M3Nydareied W BEIOOPOM
COOTBETCTBYIOIIEH MAaTPHIIBI YyBCTBUTEIHHOCTH M3 0a3bl HaHHBIX. Anpodanns OMC, BBIIOTHEHHass HA MaTeMaTH-
YEeCKOIM MOJIENIM IIECTUCEHCOPHOM CHUCTEMBI, MOKa3aia, YTO MPH XOPOIIeM 3HAHUU (POPMbI KOMIIOHEHTOB OTpPaXKeH-
HOTO CBETa JaHHAs MOJCNb OICHHBAET WHTCHCHBHOCTh OTPAKEHHOTO CBETa 0€3 CHCTEMAaTHYECKHUX OIIHOOK
P PACCTOSIHUU MEX]Ty MUKaMH (pa3pelieHu ), paBHOM IIUPUHE Ha TMOJOBUHE BBICOTHI.

Kniouegvie cnosa: MYJIbTUCECHCOPHBIC CUCTEMBI, OIITHUYICCKAA JUATrHOCTUKA, aHAJIN3 CIICKTPA OTPA’KEHHOI'O CBCTA,

OLCHKA NHTCHCUBHOCTH CHCKTPAJIbHBIX KOMIIOHCHTOB

BBEJAEHUE

Knaccnueckas OTITHYECKasI CHEKTPOCKOIHS
B HACTOSILEE BPEMSI OCTAETCSl YHUBEPCAIBHBIM CPEl-
CTBOM, OPHMEHTUPOBAHHBIM Ha JIa0OpaTOpPHBIE H3Me-
peHusi 3apaHee OTOOpaHHBIX O00pa3IOB PA3TUYHOTO
cocraBa. OIHaKO; HENPEPHIBHOE MOBBINICHUE TPEOO-
BaHWU K KaudecTBY (hapMaleBTUIECKOH, MHIIEBOMH,
XUMHAYECKOH M JAp. TPOAYKIMHU, a TaKKe K YPOBHIO
Y OINEPaTUBHOCTU MENUUMHCKON IWArHOCTUKU TpPH-
BOJIUT K HEOOXOJMMOCTH CO3JaHUsI HOBBIX aHAIHUTH-
YeCKUX MPUOOPOB KOHTPOJISL M OLIEHKU MapaMeTpOB
KadyecTBa. B wacTHOCTH, B IOCenHHE [1Ba AECATHIIC-
THsA, Onarojaps JOCTIDKEHHSIM B OO0JIACTH ONTHUKH
U (DOTOHMKH, a TaKKEe COBEPLICHCTBOBAHUIO CPEICTB
BBIYHMCIIMTEILHOM TCXHUKH, CTaJla AaKTUBHO pa3BU-
BaTbCA ONTHUYCCKAs CICKTPOCKONHA IJIA psala IMpaKTU-
YECKHUX NPUIOKEHUH — JIeTEKTOPhl, HCTOUHUKH CBe-
Ta, CBETONPOBOAAIINE MaTCPUAJIbI. Cranu nosiBIsAThCS
MpUOOPBI, KOTOpHIE BCIEACTBHE MallbIX TabapuTOB
U BBICOKOU HaACKHOCTH MOXHO HNPUMCEHATH HCIIO-
CPEICTBEHHO B IPOLIECCE NPOU3BOACTBA WMIIM IIPOBE-
JICHHS uccaeaoBanui [1].

OpHUM U3 TOMyJSPHBIX METOAOB ONTHYECKOU
CHEKTPOCKOIHHU CTal MYJIbTHCECHCOPHBIN IOAXO, UC-
MOJIB3YIOIIUI Pa3IMYHbIE AUAINA30HbI JIJIMH BOJIH JUJIS
KOMIIJIEKCHOTO PELIEHHS] MHOTMX NPAaKTHYECKUX 3a-
Jlad W TpUBEIIMH K CO3JaHUI0 ONTHYECKHUX
MynsTHCeHCOpHBIX cucteM (OMC). BaxxHoe otnmuune
TaKUX CHUCTEM OT TPAOAUIIMOHHBIX OITUYCCKUX CIICK-
TPOMETPOB 3aKJIFOYAETCS] B MUHUMU3ALUKM Ta0apUTOB
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W Beca, 3HAYUTEIbHOM TOHIKEHHH CTOMMOCTH, BO3-
MOKHOCTH TTPOBEJICHHSI aHAITM30B B JIFOOBIX YCIOBHUSX.
[Ipu aToMm, Onaromaps cHenUAIN3ANUHA U IIUPOKOMY
MIPUMEHEHHUI0 MeTOI0B XxeMoMeTpuku, OMC ycmenrHo
pelIaoT MocTaBjleHHbIE Tiepe] HUMHU 3a1a4un. Mcnoms-
3yeMble TUTST aHalm3a WCTOYHUKHU CBETa
B 3aBUCHUMOCTH OT 33J1ad BBEIOMPAIOTCS W3 IHAaNa30Ha
JuTiH BoJiH oT 360 1o 25000 aM. OMC pasnuyatorcs
(xmaccnuIUpyIOTCs) TPAMEHSIEMBIMA UCTOYHUKAMH,
THUTIOM JIETEKTOpa CBETa W MPOTPaMMHBIM oOecrieye-
HHEM [2].

Hctounnkamu wH(pOpMAIMK O COCTOSHUM HCCIIe-
IyeMOro OOBeKTa SBIISIOTCS HHTEHCUBHOCTH OTpa-
KEHHOTO CBeTa, (UIYOPECICHIIMM W WX JUTMHBI BOJH.
Hanpumep, B ctatee [3] mis ucciaenoBaHUS MHKPO-
MUPKYISTOPHOTO pyciia KPOBH YEIOBEKa UCIONB3YeT-
CAd MyJIbTUIIAPAMETPUUECKUN TOAXO0J, BKIIOYAKOLIUN
JA3EepHYI0 JOMIUIEPOBCKYIO (PIOYMETPHIO, METOIBI
CHEKTpaIbHOTO JUM(PY3HOr0 OTpaKEHUS U OICHKHU
WHTEHCHBHOCTH B IIHMPOKOM CIIEKTPAILHOM JIHAIa30-
He. COBOKYITHOCTh METOJIOB JTA€T KOMIUIEKCHYIO HH-
¢dopmannio 0 (YHKIMOHAILHOM COCTOSHHM MHKPO-
IUPKYISTOPHOTO pycClia.

Bo3MOXHOCTH HEMHBa3MBHOW JUArHOCTUKHU C HC-
MOJIE30BAHUEM OTNTHYECKHUX CIIEKTPAIBHBIX TOIX0A0B
MO3BOJIMJIM CO3/1aTh TOPTATUBHBIE AHAJIN3ATOPHI CO-
cTosiHUS KOXu [4]. Pa3paboraHHast cuctemMa COCTOUT
3 10 cBETOOMOOHBIX MCTOYHHMKOB CBETA Ha JUIMHAX
BosH B nauamnaszoHe 360—1000 HM u peructpupyer
COCTOSIHHE BBIOPaHHOW 30HBI KOXKHOTO TMOKpoBa. Ilo-
JMy4EeHHBIE OT KaXKJ0I0 UCTOYHUKA M300pasKeHHs y4a-
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CTKa KOXH, B 3aBUCUMOCTU OT yIJia OCBCUICHUA 30HBI
aHalmM3a, Mmociie 00paOdOTKM NaHHBIX ITO3BOJIAIOT CY-
JUTh O COCTOSIHUM KOXKU.

B pabGote [5] isi TUarHOCTUKH OHKOJIOTMYECKUX
3a005IeBaHUI KOXKH WCTIONB3YETCs MOINXPOMHBIN HC-
TOYHUK CBETA C IIPOrPAMMHBIM YIIPABIECHUEM JIMHOU
BOJNIHEI. B pesynbrate oOciemoBaHus (GopMHpYyeTCS
MOCJIEeIOBATEILHOCTh MOHOXPOMHBIX H300pakKeHUit
HCCIIEyeMOM 30HBI, KAKJ0€ U3 KOTOPBIX IPEACTaBIIs-
eT co0oif pacmpeneneHHe HMHTEHCHUBHOCTH CBETa
Ha BbIOpaHHOW JuIMHE BOJHBI. McTOYHMK cBeTa TO-
3BOJISIET COPMHUPOBATh CYyOM300pakeHHsT HA HECKOIb-
KUX JACCATKaX JJIWH BOJH W MOJYYUTH 3HAYUTCIIBHO
OONmpIIT  00BbEM  CHEKTpaldbHOW HWHGOPMAIMY, YeM
00€eCIeunBaloT APyrue CeKTPOMETPUIECKHE METO/IBL.

B pabore [6] paccmarpuBaeTcs HOCHMEBIN arma-
PAaTHO-IIPOrPaMMHBIN  KOMIUIEKC MEIMIMHCKOIO MO-
HUTOPUHTa (YHKIUOHAILHOTO COCTOSHHS CepAcYHO-
COCYJUCTOM CHCTEMBI YeJIOBEKa. AHAIU3 MIPOBOJUTCS
M0 JaHHBIM KallWJIJIAPHOTO KpOBOO6paHIeHI/IH B KOXK€
U HM3MEHEHMIO OINTHYECKHX XapaKTepUCTUK OOpaTHO
PACCEeSIHHOTO HM3JyYeHUs] B OHOJIOTUYECKHX TKAaHSX.
Kommiekc cocTouT U3 Tpex MCTOYHHMKOB H3IY4eHUs,
OTPAXXEHHBIM CBET KOTOPBIX PETUCTPUPYETCS TPEMs
JaTYMKaM{ CBETa Ha LIECTH Pa3IMYHBIX AJIMHAX BOJH
Kax[plil. Pe3ynbrartel u3mMepenuil ¢ yuactuem 14 ma-
IMUCHTOB, MOJIYYCHHBIC OT OATYUKOB, 06pa3YIOT Mart-
puiy pasmepom 18 ctoibioB Ha 14 cTpok, KoTOpas
Jlajiee aHAJTM3UPYETCsl METOJIOM TJIaBHBIX KOMIIOHEHT.

Takum oOpa3oM, HECMOTpS Ha pa3HOOOpa3HbIC
TEXHUYCCKUC PCHICHUA ONTHYCCKUX CHUCTEM, 3aBUCHA-
LIMe OT pelIaeMoi 3a1auu, OOIIKM SBJISIETCS CUCTEMA
CIEKTPAJIbHOTO aHANN3a, CoAeprKalas MHGOpMAaILHIo
00 uccienyeMoM o0bekTe. Kak mpaBuiio, 3T0 MyJIbTH-
CEHCOpHasl cHcTeMa, MpeoOpasyrolias CBETOBOH IO-
TOK B HAa0Op AIEKTPUUECKUX HANpshKeHUH. B oTinine
OT TPaAMLHUOHHBIX METOJOB CHEKTPAIBHOIO aHAIU3a,
B Hacrosmell paboTe MNpeaaraercss HCHONIb30BaTh
HECEJIEKTUBHBIE CEHCOpbI, 00JajaroIne IMepeKpecT-
HOH YYBCTBUTCIIbHOCTBIO, aHAJIOTUYHO METOAAM JIJIs
aHaJM3a JKUAKOCTEH, W3JI0KEHHBIM, HallpuMep, B pa-
oore [7].

MVYJIbTUCEHCOPHAS CUCTEMA

B paccmarpuBaemoit OMC (puc. 1) oGnyuenue
aHAIN3UPYEMOH 30HbBI TKaHEH IareHTa BHIIOIHACTCS
IMECTbI0 MOHOXPOMATUYCCKUMHU UCTOYHUKAMU HU3ITYy-
4eHHs 2 B BBIOPAaHHOM CIIEKTPAIBFHOM JHama3oHe.
OTpakeHHBIII CBET Yepe3 ONTHYECKHE MOJIOCOBHIC
(UIBTPEI CEHCOPOB 3 C OIMHAKOBOHM ITOJIOCON MPO-
nyckanus (410-865 HM), HO OTIMYAIOLIMMUCS CIIEK-
TPaJIbHBIMU XapaKTCPUCTUKAMHU B IIOJIOCE IPOITyCKa-
Hus (pucC. 2), TOCTYIAaeT Ha ONTHYECKHE JETEKTOPHI
3TUX CEHCOPOB U B BUJE IM(PPOBBIX KOJIOB MO Oec-
MPOBOHOMY KaHAIly CBSI3U 4 BBOJHTCSI B KOMITBIOTEP
111 00pabOTKK JaHHBIX. UHUCIIO CEHCOPOB B CHCTEME

[ S

naadafe=-|

Puc. 1. OMC 11 “HBa3UBHOM JUATHOCTHKH.

1 — Ouonornveckas TKaHb; 2 — WCTOYHUKH U3ITYUCHHUS;
3 — onTHYeckue ceHcopsl ¢ QuiabTpamu; 4 — KaHaj
nepeaayn JaHHBIX B KOMITBIOTED

BBIOMpAETCS PaBHBIM YHCIy aHAJIM3UPYEMBIX ONTHYE-
CKUX KaHaJIOB.

MeTOILOM MaAaTEMATHYCCKOI'O MOACINPOBAHUA
U HCIOJIB3Ysl XapaKTEPUCTUKH MOJENH, BbIIOJIHUM
aHanu3 mnpeanaraemMoil cucremsl. Ilycte OMC
COCTOUT U3 IIECTH UCTOYHUKOB Ha JUIMHAX BOJIH

2, =[610, 680, 730, 760, 810, 860] rv, (1)

PEKOMEHIOBaHHBIX B [6], ¢ TayccoBO# QopMoOi Crek-
Tpa KOMIIOHEHTOB, a TaKXe YHNOMSHYTHIX BBIIIE
LIECTH ONTHYECKHX CEHCOPOB C (GHIbTPAaMH C HEpas-
HOMEPHOH CIEKTPaIbHOM XapaKTEPUCTUKOW B JHara-
3oHe A = 600-880 HM.

s npoeepku padotel OMC 10 OlleHKE HWHTCH-
CHUBHOCTH KOMIIOHEHTOB OTPa)K€HHOI'O CBETa HAa JJIH-
Hax A; cMOJieNupyeM OTpa)KEHHBIH CBET, CIEKTPallb-
Has XapakTepUCTHKa KOToporo X(A) umeer BUJ, OKa-
3aHHBIN Ha puc. 3, TPU UHTEHCUBHOCTH KOMIIOHEHTOB
hm; Ha JUIMHAX BOJH A;, paBHBIX

hm, =
J
=[1.7679; 1.7588; 1.4109; 1.8745; 1.0927; 1.0703]. (2)

Cset mMojienu (puc. 3) mocTynaeT uepes3 MoJI0COBOMA
¢meTp S(A) Ha (HOTONPHEMHHK COOTBETCTBYIOLIETO
CEHCOpa, BHIPAOATHIBAIONIUI DIIEKTPUUECKOE HAMps-
xenue U(i), tnei=1, 2, ..., 6 — HOMEp CceHCOpa.

OHCHI/IM UHTCHCUBHOCTHL KOMIIOHCHTOB OTPAXKCH-
HOT'O CBETa Ha BBHIOPAHHBIX JUTMHAX BOJIH, HUCIONB3YS
BBIXOJ/IHBIC HAIPSDKEHUS CEHCOPOB M IIpejjiaraeMbie
MeToJibl 00paboTku. CIEKTp CBeTa, MOCTYHAIOIIEro
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Puc. 2. Ilpumep cHeKTpajgbHBIX XapaKTEPUCTHK

(GunbTPOB B TOJIOCE MPOIMYCKAHUS JUIS IIECTH OITH-
geckux ceHcopoB 3: Si(A), Sx(1), S3(A), Si(A),
SS(A‘)a Sﬁ(ﬂ‘)

Ha i-i QoTtonmpuemnuk, Oymer Y (1)=X(A1)S,(1).
BenuurHa BBIXOJHOTO HAIPSDKEHUS CEHCopa OyneT
MPONOPLMOHAJIbHA BEIUYMHE CYMMApHOU CIIEKTPaJib-
HOM MHTEHCHUBHOCTHU

U(i)=[¥(2)dA=[Xx(2)S (2)d2. 3)

UncnenHo pemas (3) mpu MOACTaHOBKE 3HAYSHUHA
st X(A) u S(A), momyanm mst U(i)

U@=
=[101.415; 91.869; 90.072; 94.690; 93.358; 93.040]. (4)

Benmnumnaa U(i) Kaxkaoro ceHcopa COIEPKHUT HH-
(dhopmMaruio 00 WHTCHCUBHOCTH BCEX KOMIIOHCHTOB
OTpPa)KEHHOT'O CBETA.

[peanonoxum nanee, yTo Gopma CHeKkTpa OTpa-
JKEHHBIX IIMKOB MMeeT BUJI KpHBOH QyHKImHK ["aycca

(}“_’11 )2
I,(A)=expi———"— ¢

g;

IIUPUHON 0/2. =50
B MJICAIBHOM ClIyyae TaKoW jKe, KaK OT MCTOYHHKOB
U3JTyYCHUSI.

Hcnonb3yss 3T0 0OCTOSATENLCTBO W MOJEIIBHBIC
JIAHHBIC CIICKTPAIbHBIX XapaKTEPUCTHK (DUIBTPOB
S{A) (puc. 2), HOAYYUM JIJISI BBIXOJIHBIX HANPSIKSHUIMA
BBIpaKEHHE
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Puc. 3. Criektp otpaskeHHOTO cBeTa X(A).

6 A=A,
=Zh/I1/[ /Jsl_(i)dl, (5)
A
rje h; — UcKkoMas aMIUINTYJa j-To IuKa, i = 1-6.

A—A;
OGosnaunm |/ J; [—]}S‘l (A)=F (/l i ) Torna
2 o)

BEIpakeHHe (5) OyaeT UMeTh BUIL:

Uo(i)zih.i F(%),1=1-6.
=

WNiu B MaTpu4HOM BUJE

U,=hxF, (6)
'
rae U, n h — Bexropsi-ctpoku, F — xBazparHas
TPaHCTIIOHUPOBaHHAasT ~ MaTpuma  Ko3(pPHUIMEeHTOB
(tabm. 1).

TakuMm 00pa3zom, i OINpPENCICHUS WHTCHCUBHO-
CTH OTPaXKEHHOTO CBETa HA AHAIM3HPYEMBIX IJIMHAX
BOJIH MO JaHHBIM BBIXOJHBIX HANPSHKEHUN CEHCOPOB,

npexnonaras, uro U, (i)=U (i), HeobGxomumo pe-
IIUTH CUCTEMY ypaBHeHHH (0).
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Ta6a. 1. Marpuna xo>ddunuentos F;(A;) ypasuenus (6) ais onpejeneHUs BEIMYMHBI MHTEHCHBHOCTH CHEKTPaNbHBIX

KOMIIOHCHTOB OTPaXKCHHOT'O CBETAa MOACIN pHC. 3

Homep JUHa BOJHBI A, HM
cencopa 1 610 680 730 760 810 860

1 11.4394 11.8074 10.4458 11.5064 11.2453 11.0526

2 10.8349 11.0295 12.0495 12.0297 11.8250 0.7887

3 10.7401 11.9556 10.6301 11.7446 11.2061 0.7461

4 12.2051 11.7545 11.6173 12.1627 11.4241 0.7157

5 11.8373 11.7019 10.4526 12.0515 12.5424 0.7535

6 12.2526 11.3058 11.5133 11.7743 11.3484 0.7270
ITonyuum: Hnst mpoBepkn pabotsl OMC 1O OlleHKE WHTEH-
, CHUBHOCTH OJIM3KO PACIIOIOKEHHBIX KOMIIOHEHTOB OT-
h=U/F, (7 pakeHHOro cpera Ha dacrorax A;=[610, 620, 630,
h o= 640, 650, 660] HM U TIpU MKpPHHE MTUKA HA TIOJIOBHUHE

J

=[1.7679; 1.7588; 1.4109; 1.8745; 1.0927; 1.0703].

CpaBHuBasi [aHHBIE [UII MOZEIH OTPaKEHHOTO
cBeTa hm; (2) ¥ NONy4eHHBIE B PE3YJIbTATE BbIUMCIIE-
Huit (7), BUIUM KX ITOIHOE coBmaaenue, T.e. h = hm.
OpHaKo 3TO WAEaANbHBIA CITydaid, BRI3BAHHBIA COBIIA-
JeHueM Mozeneid. Ha mnpakThke MOryT HOSBUTBCS
omKOKH, BbI3BaHHBIE HECOBNAZCHUEM IayCCOBOM MO-
JIeny C pealbHOM WM IPYruMu NpuuvHamu. Tem He
MEHEEe ITH OIIMOKH CKOpee CTaOMIBHBI U MOTYT OBITh
YUTEHBI.

BBICOTBI 12 HM CMOJENUpPYeM OTpaXX€HHBIH CBeT,
CHEKTpalibHas XapaKTePUCTHKa KOTOPOro X(A) uMeer
BUJ, TIOKa3aHHBIH Ha puc. 4, MPU HHTEHCUBHOCTH
KOMIIOHEHTOB hm;, paBHbIXx (2). C yyerom X(A)
(puc. 4) u Si(1) (puc. 2) nmomyuum:
U; =[100.55; 101.88; 99.51; 107.30; 104.53; 110.43].
[TycTh KOMIOHEHTHI MAAAIONIETO U OTPAKEHHOTO
cBeTa uMeroT Gpopmy QyHKmu ["aycca, Takyro xe, Kak
B IpensiaynieM mpumepe. Torna, ucnomssys (5), pac-
cyuTaeM Tabnuily Ko3QpdUIueHToB Fi(4;) (Tabdmn. 2) ans
pEelIeHnsI CUCTEMBI ypaBHEHHI (6).

OTpaxeHne oT 0OBeKTa

29

—_
(3]

—

MHTEeHCUBHOCTb

£
(3)

)

500

60

700 800

[nwHa BonHbl, HM(410-880)

Puc. 4. Coekrp

OTPA’KEHHOI'O

CBE€Ta

X(2)

npu J; = [610, 620, 630, 640, 650, 660] ym
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Ta0x. 2. Marpuna xodpduiuenton Fi(A;) ypaBHenus (6) ans onpejeieHUs BEIMYMHbI MHTEHCHBHOCTH CIEKTPaIbHBIX

KOMIIOHCHTOB OTPAXXCHHOT'O CBECTa MOAECJIN PUC. 4

Homep JlnuHa BonHbL A, HM

cencopa ! 610 | 60 [ 630 | 640 650 660
1 11.4394 11.1790 11.1595 11.2560 11.0529 10.9759
2 10.8349 10.6269 11.0555 11.8638 12.2281 11.9957
3 10.7401 11.1180 11.4543 11.3073 10.8954 10.9390
4 12.2051 11.6500 11.4464 12.0885 12.3008 12.1337
5 11.8373 11.5497 11.3443 11.4948 11.7810 12.0244
6 12.2526 12.4196 12.4397 12.4818 12.2064 11.8129

B pesynerare mnomyuum h;=[1.7679; 1.7588; Pernonap. KpoBooOpam. ¥ MUKpOUmpKyssius. 2018.

1.4109; 1.8745; 1.0927; 1.0703].

Pesynprar nokasbpIBaeT, YTo paccUMTaHHbIE 3Hayde-
HUSl MHTEHCUBHOCTH IIMKOB IIOJHOCTBIO COBIAJAIOT
C 3aJaHHBIMU B MOJEIH Ja)ke IIPU CHIBHOM MX HaJo-
KEHUU.
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[IpennoxxeHa  onrTudeckas  MYJIbTHCEHCOpPHAs
CUCTCMa MJI1 MOHHUTOPHHIA q)yHKHI/IOHaJ'H)HOFO Co-
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obneryaer HaOOp MAHHBIX ISl AabHEHUINETrO CTaTH-
CTHYECKOr0 aHaJM3a MPH MaccoBOM OOCIeIOBaHUH,
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OPTICAL MULTISENSORY SYSTEM
FOR NON-INVASIVE DIAGNOSTICS

S. N. Glebov, M. S. Mazing, L. V. Novikov

Institute for Analytical Instrumentation, RAS, St. Petersburg, Russia

A new structure of an optical multisensor system (OMS) is considered, that involves polyselective optical
sensors instead of selective ones. A distinctive feature of polyselective sensors is the presence of bandpass fil-
ters with non-uniform spectral characteristics. Based on the assessment of the intensity of light components re-
flected from biological tissues, conclusions are drawn about the functional state of the human body. The spectral
composition of the patient's irradiation light is determined by a set of monochrome optical emitters. If neces-
sary, the irradiation spectrum can be changed by altering the set of emitters and selecting the appropriate sensi-
tivity matrix from the database. The approbation of the OMS on a mathematical model of a six-sensor system
showed that with good knowledge of the shape of the components of reflected light, this model estimates the
intensity of reflected light without systematic errors at a distance between peaks (resolution) equal to the width
at half the height.

Keywords: multisensor systems, optical diagnostics, analysis of the reflected light spectrum, evaluation of the intensity of
the spectral components
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INTRODUCTION

Classical optical spectroscopy currently remains
a universal tool focused on laboratory measurements
of pre-selected samples of various compositions.
However, the continuous increase in requirements for
the quality of pharmaceutical, food, chemical, and
other products, as well as the level and efficiency of
medical diagnostics, leads to the need to create new
analytical instruments for monitoring and assessing
quality parameters. In particular, in the last two dec-
ades, due to advances in optics and photonics, as well
as the improvement of computing equipment, optical
spectroscopy has begun to actively develop for
a number of practical applications — detectors, light
sources, light-conducting materials. Devices have be-
gun to appear that, due to their small dimensions and
high reliability, can be used directly in the production
process or research [1].

One of the popular methods of optical spectrosco-
py has become a multisensory approach, using various
wavelength ranges for a comprehensive solution of
many practical problems, and has led to the creation
of optical multisensor systems (OMS). An important
difference between such systems and traditional opti-
cal spectrometers is the minimization of dimensions
and weight, significant cost reduction, and the ability
to conduct analyses in any conditions. Due to specia-
lization and wide application of chemometric me-
thods, OMS successfully solves the set tasks. The
light sources used for analysis are selected from the
wavelength range from 360 to 25000 nm depending
on the tasks. OMS differ in (are classified by) the
sources used, the type of light detector, and software
[2].

The sources of information about the state of the
object under study are the intensity of reflected light,
fluorescence, and their wavelengths. For example, in
the article [3] a multiparametric approach, including
laser Doppler flowmetry, methods of spectral diffuse
reflection, and intensity assessment in a wide spectral
range, is used to study the microcirculatory bed of
human blood. The combination of methods provides
comprehensive information on the functional state of
the microcirculatory bed.

The possibilities of non-invasive diagnostics using
optical spectral approaches have made it possible to
create portable skin condition analyzers [4]. The de-
veloped system consists of 10 LED light sources at
wavelengths in the range of 360—1000 nm and records
the condition of a selected area of the skin. The im-
ages of a skin area obtained from each source, de-
pending on the angle of illumination of the analysis
zone, after data processing allow us to judge the con-
dition of the skin.

In the work [5], a polychrome light source with
software control of the wavelength is used for diag-

nostics of oncological diseases of the skin. As a result
of the examination, a sequence of monochrome im-
ages of the examined area is formed, each of which
represents the distribution of light intensity at the se-
lected wavelength. The light source allows subimages
to be formed at several dozen wavelengths and a sig-
nificantly larger volume of spectral information to be
obtained than other spectrometric methods provide.

In the work [6], a wearable hardware and software
complex for medical monitoring of the functional
state of the human cardiovascular system is consi-
dered. The analysis is carried out based on the data of
capillary blood circulation in the skin and changes in
the optical characteristics of backscattered radiation in
biological tissues. The complex consists of three radi-
ation sources, the reflected light of which is recorded
by three light sensors at six different wavelengths
each. The results of measurements involving 14 pa-
tients, obtained from the sensors, form a matrix of 18
columns by 14 rows, which is then analyzed using the
principal component method.

Thus, despite the various technical solutions of
optical systems, depending on the problem being
solved, the spectral analysis system containing infor-
mation about the object under study is common. As
a rule, this is a multisensory system that converts the
light flux into a set of electrical voltages. In contrast
to traditional methods of spectral analysis, this paper
proposes to use mnon-selective sensors with cross-
sensitivity similar to the methods for analyzing liquids
described, for example, in [7].

MULTISENSORY SYSTEM

In the considered OMS (Fig. 1), irradiation of the
analyzed area of the patient's tissues is performed by
six monochromatic radiation sources 2 in the selected
spectral range.

Fig. 1. OMS for non-invasive diagnostics.

1 — biological tissue; 2 — radiation sources;
3 — optical sensors with filters; 4 — channel of data
transmission to the computer

Fig. 2. An example of the spectral characteristics of
the filters in the passband for six optical sensors 3:
Sl(/l)a SZ(/I)a S3(/l)a S4(A‘)a SS(A‘)a Sﬁ(ﬂ‘)

Reflected light through optical bandpass filters of
sensors 3 with the same passband (410-865 nm) but
different spectral characteristics in the passband
(Fig. 2) arrives at the optical detectors of these sensors
and enters the computer for data processing via wire-
less communication channel 4 in the form of digital



codes. The number of sensors in the system should be
equal to the number of analyzed optical channels.

Using the method of mathematical modeling and
the characteristics of the model, we will analyze the
proposed system. Let the OMS consist of six sources
at wavelengths

A; =[610, 680, 730, 760, 810, 860] M, (1)

recommended in [6] and having a Gaussian shape of
the component spectrum, as well as the six optical
sensors mentioned above with filters with a non-
uniform spectral characteristic in the range 4 = 600—
—880 nm.

To test the operation of the OMS in assessing the
intensity of the components of reflected light at wave-
lengths A4; we will simulate the reflected light, which
spectral characteristic X(4) has the form shown in
Fig. 3, while the intensity of the components hm; at
wavelengths 4;, equal to

hmjz

=[1.7679; 1.7588; 1.4109; 1.8745; 1.0927; 1.0703]. (2)

Fig. 3. The spectrum of reflected light X(1).

The light of the model (Fig. 3) enters through the
bandpass filter Si(1) to the photodetector of the cor-
responding sensor, which generates an electric voltage
U(i), where i =1, 2, ..., 6 is the sensor number.

Let us estimate the intensity of the reflected light
components at the selected wavelengths using the
output voltages of the sensors and the proposed
processing methods. The spectrum of light entering
the i-th photodetector is Y (1) = X(4)S;(4). The val-
ue of the output voltage of the sensor will be propor-
tional to the value of the total spectral intensity

U(i)=[%(2)da=[x(2)S,(2)d2. 3)

Numerically solving (3) by substituting the values
for X(4) and S;(1), we obtain for U(7)

U@)=
=[101.415; 91.869; 90.072; 94.690; 93.358; 93.040]. (4)

The value of U(i) of each sensor contains informa-
tion about the intensity of all components of the re-
flected light.

Let us further assume that the shape of the spec-
trum of reflected peaks has the form of a Gaussian
function curve

(’1 —4 )2
I;(2)=expy—"—5—
j
the same in the ideal case as from radiation sources.
Using this circumstance and the model data of the
spectral characteristics of the Sy(A) filters (Fig. 2), we
obtain the expression for the output voltages

with a width a_,z. =50

()

where #; is the sought amplitude of the j-th peak,

i=1-6.

A=2;

J —

Let us denote ilj( o, }}'i(ﬂ,)— Fl(ﬂ,j) Then

expression (5) will have the form:

6

U, (i)=2 0, F(%,),i=1-6.

j=1
Or in matrix form
U,=hxF, (6)

\l
where U, and h are row vectors, F is a square
transposed matrix of coefficients (Tab. 1).

Tab. 1. The matrix of coefficients F(4;) of equation
(6) for determining the intensity of the spectral com-
ponents of reflected light of the model Fig. 3

Thus, to determine the intensity of reflected light at
the analyzed wavelengths from the data of the output

voltages of the sensors, assuming that U, (i)=U (i),

it is necessary to solve the system of equations (6).
We obtain:

h=U/F, (7
h =

J

=[1.7679; 1.7588; 1.4109; 1.8745; 1.0927; 1.0703].

Comparing the data for the reflected light model
hm; (2) and those obtained as a result of calculations
(7), we see their complete coincidence, i.e. h =hm.



However, this is an ideal case caused by the coinci-
dence of the models. In practice, errors may appear
due to the discrepancy between the Gaussian model
and the real one or other reasons. Nevertheless, these
errors are rather stable and can be taken into account.

To test the operation of the OMS in estimating the
intensity of closely spaced components of reflected
light at frequencies A,=[610, 620, 630, 640, 650,
660] nm and with a peak width at half maximum of
12 nm, we will simulate reflected light, which spectral
characteristic X(A) has the form shown in Fig. 4, with
the intensity of the components /m;, equal to (2). Tak-
ing into account X(A) (Fig. 4) and S(A) (Fig. 2), we
obtain U; = [100.55; 101.88; 99.51; 107.30; 104.53;
110.43].

Fig. 4. Spectrum of reflected light X(1) at 4; =
=[610, 620, 630, 640, 650, 660] nm.

Let the components of the incident and reflected
light have the same Gaussian function form as in the
previous example. Then, using (5), we calculate the
table of coefficients Fy(4;) (Tab. 2) to solve the system
of equations (6).

Tab. 2. Matrix of coefficients F(4;) of equation (6)
for determining the intensity of the spectral compo-
nents of reflected light of the model in Fig. 4

As aresult, we obtain 4, = [1.7679; 1.7588; 1.4109;
1.8745;1.0927; 1.0703].

The outcome demonstrates that, despite their sig-
nificant overlap, the computed peak intensity values
exactly match those given in the model.

CONCLUSION

An optical multisensory system for monitoring the
functional state of patients is proposed, which can be
ecasily reconfigured to different wavelength ranges
with different degrees of overlapping of adjacent
peaks. This facilitates data collection for further statis-
tical analysis during mass screening, for example, us-
ing principal component analysis or cluster analysis.
The system can be used in biomedical diagnostics to
assess the state of the cardiovascular system in critical
situations.
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