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B HacTosee Bpemsa B OMOMeEOULMHCKMX UCCNefoBaHusx Bce bGonbluee
NpYMEHeHNe HaxoaaT MeTodbl nasepHon (ha3omMoaynSALMOHHON MWKPOCKONWN,
KOTOpble B COMeTaHWUM C MeToAaMu LUmMdpoBor ronorpadumn UCNonb3yTCs B ro-
norpacuyeckux mukpockonax (MUM-330, HoloMonitor n gp.). OHu nossonstoT
CyLeCTBEHHO, BNoTb A0 ~0,01 A (4nuHbI BONMHbI 30HAMPYIOLLErO CBETA), yBe-
nNMunTb paspelleHne MUKPOCKOMOB, YTO paHee CYUTarnocb TeopeTuyecKku He-
BO3MOXHbIM.

CyLecTBEHHON 0COBEHHOCTBLIO AAHHBIX MUKPOCKOMOB SBMSIETCA UX BbICO-
Kasi YyBCTBUTENBHOCTb K M3MEHeHNAM ha3bl OOBLEKTHOrO My4ka, YTO No3BonseT
uccrnegoBaTb Manble Bapuauuu nokasaTtensd nNpenoMreHns 1 OTKpblBaeT Co-
BEPLUEHHO HOBble BO3MOXHOCTW ONS UCCNefoBaHUS XMBbIX, HEOKpPALLEHHbIX U
HedMKCUPOBAaHHBIX, KNETOYHbIX npenapaToB. OAHAaKO LWMPOKOMY NMPUMEHEHUIO U
JanbHerweMy pa3BuMTUIO AaHHbIX METOA0B NPensaTCTBYIOT ABa dakTopa:

— BbICOKAss CTOMMOCTb MPOMbILWSEHHbIX 06pPa3sLoB  MUKPOCKOMOB
(300 TbIC. $);

— MOoAyNnbHasi KOHCTPYKLUUSI NMPOMBbILLNEHHbIX 06pasuoB, koTopast aenaet
NpPakTUYEeCKN HEBO3MOXHOW WX WHTErpauuio B KOMMMEKCHble uccnegoBarerb-
CKMe yCTaHOBKM.

PaHee coobuanock o paspabotke B HAU cpuankn OHY nmenn N.N. Meu-
HMKOBa Ma3epHOW Cnekn-uHTepdepoMeTpnYeckon MpUCTaBkM K ONTUYECKUM
MUKpOCKonaMm, KoTopas cnocobHa paboTaTb NMpakTUYeckn CoO BCEMU MOAEnsMu
nponyckarLmMx MUKpockonoB 6e3 kakon-nubo mx nepegenku. MiamepurtenbHble
napameTpbl NPUCTaBkM 6NN3KN K NapaMmeTpam NpOMbILLIEHHbIX 06pa3sLoB roso-
rpachmyeckmx Mukpockonos [1], HO ee paboTa ocHOBaHa Ha MCMONb30BaHUN Me-
Toga (pasoMoaynAUMOHHON CMEKN-UHTEPEPOMETPUMN, B aHINONA3bIYHOW NUTe-
patype - ESPI (Electronic Speckle Pattern Interferometry). 31oT MmeTog 6nm30K K
MeTodaMm umdposon ronorpadum, Ho oH Gonee rMbBok 1 Npu ero NPUMeHeHUU
TpeboBaHWsA K NapameTpaMm KOMMMEKTYIOLWMX (KaKk ONTUYECKMX, Tak U 3NeKTPOH-
HbIX) 3HAYUTENBbHO HKXKE, YTO OOyCrnoBnMBaEeT HU3Ky cebectommoctb ESPI
npuctaeku (okoro 1000 $).

OaHHaa ESPI npuctaBka umeeT yHUKanbHYH MOAYMNbHYH KOHCTPYKLMIO,
Bnarogaps KOTOPOW OHa Nerko MHTErpMpyeTCcs B KOMMIEKCHbIE NCccrnefoBaTenb-
CKue ycTaHOBKW. Pe3ynbTaTbl NpUMeHeHNsa npucTaBku npueegeHs! B [1]. OgHako
Mo AaHHBbIM MCMNbITaHWUIA BbINO BbISIBNEHO M criaboe MecTo NpearnoXeHHOW KOH-
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CTPYKUMM — HegocTaToyHasa das3oBas cTabMibHOCTb OMOPHOMO Ny4yka, Bbl3BaH-
Has criyqariHbIMy AedopMaumnsaMm UCMosfb3yeMbIX CBETOBOAOB.

B 2014 r. 6bina npeanoxeHa v peanus3oBaHa HOBasd KOHCTPYKUUSA Mpu-
CTaBKW, B KOTOpPOW Bce GOKM OnTMYEecKon YacTu (6as3oBbi — u3nyyaTtenbHO—
(hazoMoaynAUMOHHBINA, OCBETUTENbHbBIA, MPUEMHbIA) KPENATCA HA CTAHWHE MUK-
pockona. 3To, NPy COXPaHEHUN BCEX NMPEMMYLLECTB NPUCTABKWU, MPUBENO K 3Ha-
ynTenbHO Gonbluen BUOPALMOHHO-TEPMUYECKO YCTONYMBOCTM KOHCTPYKUMK Y
[ano BO3MOXHOCTb, B COMETAHMU C HOBbIMW CKOPOCTHbIMU MeTogamu ESPI ns-
MepeHuin [2], NnpoBeaeHUs OONMToBPeEMEHHbIX ha30BO-HyBCTBUTENbHbIX U3Mepe-
HUA NapameTpoB AMHAMUYECKMX MPOLIECCOB B 0OBbEKTax GMONorn4eckoro npo-
ncxoxaeHms. CooTBETCTBEHHO, PACLUMPSAOTCA NEPCMNEKTUBLI NPUMEHEHUS OaH-
HOW NMPUCTaBKN B BUOMEANLIMHCKMX UCCIegoBaHNsIX, MPUMEpPBI Yero NpuBeLeHbl
B [3, 4].
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Abstract. The use of the polarimetric techniques for display and study of
biological tissues has gained increasing interest in recent years. This interest is
related mainly to the non-invasiveness, relatively low cost, and ease of applica-
tion among other characteristics. However, for full use of these advantages, the
calibration methods must ensure the minimization of the effects of uncertainties
related to the optical element positioning and the noise in intensities measure-
ments.
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Objective. Increase reliability of diagnosis by obtaining the dispersion
properties of the biological tissue from the spatial distribution of polarized
backscattered light.

Materials and methods. Modulation schemes allow determination of the
state of polarization of the beam reflected by tissues. In these schemes, the op-
tical elements rotate with a given frequency and the state of polarization is ob-
tained by multiple measurements. One of the most common ways of modulation
uses a rotating quarter-wave plate, and two fixed linear polarizers. A set of at
least four measurements is necessary to perform image analysis. Formally, this
is described by the following equation 7= 4(n)s , where | is the vector of intensity,
A is the modulation matrix of polarization state analyzer (PSA), and S is the
Stokes vector. For a PSA with a rotating quarter-wave plate, the vector n con-
sists of the phase shift & and the angle of rotation 8 of the wave plate; and the
orientation angle of the polarizer ¢. To consider the systematic errors a deviation
dn from a given ng has to be introduced. In this case, the intensity is expressed
by the equation 7=4(n,+an)s=4s. If ldniK /h,/l, then li can be expanded

around ng to get

"= aerdny an)+ 250 an=a+a4 ™)

To estimate the error on the measurement of S is necessary to determine
the error of the modulation matrix 5= (4+A 4)'7 . In practical problems, it is ad-
visable to use the condition number u(4)= /l4/la " /I, where jy, denotes the Eu-
clidean norm. The condition number allows quantitative assessment of the sen-
sitivity of the solution to errors in optical elements positioning. If vector n is such
that the matrix A is invertible and if 47'a4<1 then
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Since s= 4'7 and§=4"'s , equation (2) can be written in the following form

B30 ua) Il
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Equation 3 shows that the upper limit of the error depends on the condi-
tioning of A. If A is a well-conditioned matrix, S will be relatively close to the ac-
tual value despite the presence of systematic errors. Therefore, the objective of
the optimization process is to find the vector n that minimizes y(A). In addition to
the systematic errors, it is necessary to consider the presence of random errors.
If considering the noise in the image then, the equation 3 can be written
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where 08l is the random noise of the measured intensity |. The previous equation
shows that the upper limit of error is the sum of two separate terms. The first
term is due to systematic errors of the system, and the second due to the noise
in the image. Thus, it is necessary to optimize the conditioning of the matrix A by
finding the vector n, which minimizes y and maximizes the signal-to-noise ratio
SNR of the image.

Results. In the case of a modulation scheme with a rotating quarter-wave
plate, the choice of angles 6, can be accomplished using the method of random
search ooptimization. The resulting angles of rotation of the plate will be 8,=[35°,
97°, 137°, 2489.

Conclusions. A methodology for the optimization of a Stokes imaging po-
larimeter is presented. The proposed technique takes into account both errors
due to mechanical artifacts and image acquisition. The results might be used for
the calibration of videopolarimeters for biotissue study.
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AKTyanbHiCTb. BU3HaYeHHS 3MOSKKICHOrO HOBOYTBOPEHHS A0 BWHWUKHEHHS
CTPYKTYPHUX 3MiH € CbOrOAHI ManoBUBYEHMM HanpPsIMKOM AiarHOCTUKU, siKe MoT-
pebye 3acTocyBaHHs HOBUX AOAATKOBMX METOAIB AiarHOCTMKK, 30KpemMa MeToaiB
nasepHoi nonspumeTpii. OnocepeakoBaHi METOAM AiarHOCTYBaHHSA OHKOJIOTiy-
HUX 3MiH LUASXOM MOnsipM3auinHoro kaptorpadyBaHHsi nnasmum kposi (IMK) nto-
OVHW NnoYnHaloTb HabyBaTy Aefani LWMPLLIOro PO3MNOBCIOAXKEHHS.

PaHiwe aBTOpamu Gyna BCTaHOBNEHA BMCOKA YYTNMBICTb 40 BU3HAYEHHS
CTaHy 3axBOPKOBaHHSA MOJIOYHMX 3aro3 mMeTody nonspusauiiHoro kaptorpady-
BaHHA asMMyTiB nondpu3aadii MikpockoniYHUX nasepHux 306paxeHb nnisok [K,
ane npu LuboMy hOpMyeTLCA 3HAYHA KiNbKiCTb XMOHO MO3MTUBHMX AiarHosis. Bu-
XOAs14M 3 LUbOro Taky METOAMKY OOLNbHO 3aCTOCOBYBaTM Ha paHHiX eTanax 3a-
XBOPIOBAHHS!, @ caM TeCT BUKOPUCTOBYBATU Y SKOCTI igeHTudikatopa. Omxe, BU-
HWKa€e akTyarnbHa 3agaya BMBYEHHS iIH(OPMAaTUBHOCTI iHLLOMO HanpsiMKy KapTor-
padyBaHHA nasepHux 306paxeHb nniBok K — ogepxaHHs cykynHocTi ob’ek-
TUBHUX KPWUTEpIiB, SKi XapakTepusyloTb KOOPAWHATHI pO3MOAinu eninTUYHOCTI
nonsipuaadii.
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