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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
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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
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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.

IHOOPMATUBHICTb METOAIB KAPTOrPA®YBAHHA
ENINTUYHOCTEN NONAPU3ALIT NTASEPHUX MIKPOCKOMIYHUX
30BPAXEHb NNIBOK MIIA3MU KPOBI
Y OIArHOCTUUI OHKONOr4YHUX 3MIH MOJTIOYHUX 3ANO3

3abonotHa H.1., NMaenos C.B., *OninHn4veHko B.I1.

BiHHMLbKMI HauioOHanNbHWUIA TEXHIYHUIA yHIBepcuTeT, M. BiHHWUA, YkpaiHa;
*HBIN TOB «MegiBiH», M. BiHHMUS, YKpaiHa

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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MeTta pob6oTu: npoaHanisyBat MOXNMBOCTI O6’€KTMBHOI AiarHOCTUKM i
andbepeHuiauii NaTonoriYyHnx 3mMiH TKaHUHKM MOJSOYHOI 3ano3mn (M3) wnsxom go-
CRigKeHHA KoOOpAMHaTHWX Po3noiniB eninTMYHOCTI nonsapusadii nasepHUx Mik-
pockoni4yHux 3o06pakeHb 3paskis nnisok MK.

Matepiann Tta metoan. lNpoBeaeHO AOCHIgXEHHA ONA NauieHTOK OBOX
rpyn: rpyna 1 - 3goposi xiHkn—goHopu (35 3paskie nnisok [MK); rpyna 2 — xiHku,
xBopi Ha pak M3 (35 3paskis nnisok [K). JocnigxyBanucs 3pasku nniBok nnas-
MU, B3ATOI Y NAUIEHTOK 3 Hanepe[ BigoMum diarHo3oMm. [onapusadinHi manu po-
3noainis eninTMYHOCTEN nonsapusadii ogepxysBanucsa y pesynbTaTi 3acToCyBaH-
HA 06’eKTMBHOrO pisMyHOro MeToay nonspu3aaLiiHo-a3oBol fla3epHoi Mikpoc-
Konii, peanisaoBaHoro Ha cucTemMi nonsipmaadinHoro kaptorpadysaHHs. OB ekTmB-
HICTb pe3ynbTaTiB 3aCTOCOBAHOrO METOAY AOCAraeTbCA KOMMIEKCHUM KOMM'to-
TEPHMM aHamni3aoM CTaTUCTUYHOI, KOpensuinHoi Ta ppakTanbHOI CTPYKTYpu Mo-
napusauiiinx man undpoBuX MIKPOCKOMIYHUX 306paxeHb Ha OCHOBI 0BYnCneH-
HS 3a macmeomM i3 48000 nikcenis Habopy i3 12 napameTpis.

\ (M/:X:I,z.s.zt ) s .

KoxeH 3 BKasaHWX mapameTpiB (e« ., K::Lm) € oB6’eKTOM Ans ouiHto-
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BaHHA cuUnu metoay P | Ha OCHOBI ChOPMYBaHHSI MaTpULii pillieHb 3a Aa-
U® <4 4Ac
+VP
-VP
HUMW 3aCTOCYyBaHHS NOMNSpU3aLiiHoOro KapTorpadyBaHHs fla3epHUX MiKpOoCKonmi-
YHUX 306paxeHb nniBok K, ge cuna metoay BM3HavaeTbcss Habopom onepa-
LiiHMX XxapaKTepucTuK: YyTnmneocTi S€; cneundiyHocTi Sp; TouHocTi 4¢; npo-
THOCTWYHOI LiIHHOCTI No3uTuBHoro pesynbtaty + VP ; nporHocTuHoi LiHHOCTI He-
raTusHoro pesynstaty — VP .

Pe3ynbTatn Ta ix obroBopeHHHA. BuaHaueHi Ha OCHOBI mMaTpuui pilleHb
(Tabn. 1) onepauinHi xapakTepucTUK kapTorpadyBaHHA po3noAinis eninTu4Ho-
CTeln nonsipusadii nasepHMx MiKpockonidHnx 3obpaxkeHb 3paskiB nnisok MK naui-
€HTOK rpyn 1 Ta 2 npuBeaeHi Hux4e y Tabn. 2.

BucHoBku. AHani3z ogepxaHux OaHWX BUSIBUB BUCOKY cneumdidHiCTb Me-
TOOY KapTorpadyBaHHs eninTUYHOCTEN NonsipuaaLii nasepHmx 300paxkeHb 3pas-
kiB MK y giarHocTuui OHkomnoriyHux 3axesoptoBaHb M3. IHWKUMKU crioBamu, MOro
MOXHa BBaXaTwu, Ha BigMiHy Big ideHmugbikamopHo20 KapTorpadyBaHHa a3nmy-
TiB, duckpimiHamopom natonorii M3. A came:

— cuna metogy 6aratonapaMeTpuyHOro KaprtorpadyBaHHS eninTUYHOCTI
nonspusadii ons giarHoCTUKM 3nosikicHx 3mMiH M3 MakcuMmarnbHa aAng ctaTucTu-
YHUX MOMEHTIB 3-r0 i 4-ro nopsakis,

s . .
— ONS CTaTUCTUYHOTO MOMEHTY M; pO3MoAiny BMNagkoBMxX 3HaYeHb enin-
TUYHOCTI nonsApu3adii y NNowmMHi BiANOBIgHMX Man cepii JoCnigKeHNX 3paskiB
MKy mexax rpyn 1 i 2, KiNbKiCTb NO3UTUBHUX | XMOHO HEraTUBHUX pillEHb CKNa-
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nae 28 ta 7 (4ytnmeicTb Metogy S¢=80%), a kinbkicTb HeraTMBHWX i XMBHO Mo-

3UTUBHKX pilleHb cknagae 32 Ta 3 (cneumgidHicTb meTony Sp= 91%)

B
— Ana cTatTMCTU4HOro MOMEHTY M4 KifTbKICTb MO3UTUBHMX | XMOHO HeraTu-

BHUX pillleHb cknaaae 32 Ta 3 (vytnmeicte S€=91%) a kinbkicTb HeraTMBHUX i
Sp = 77%)

XMBHO NO3NTUBHUX pilleHb cknagae 28 Ta 7 (cneumdidHicTb ;

— cneumdivHiCTb Sp MeToay, 3aCHOBAHOIo Ha aHanisi ekcuecy posnoginy
3Ha4veHb eninTUYHOCTI nonspu3adii, BUSHAYEHUX LWASXOM KapTorpadyBaHHA Mi-
KPOCKOMiYHMX fa3epHUx 306paxeHb, ANs AiarHOCTUKM 3MOSKICHUX 3MiH M3 we
Oinblw (y NOPIBHSAHHI 3 OiarHOCTMKOK AOBPOSAKICHUX 3MiH) NepeBaxae Moro 4yT-
JNBICTb Se;

— 3pPOCTa€e CYKYMHICTb 3Ha4YeHb AOMOMDKHUX onepauinHnX XxapakTepucTuk -
TouHicTb MeTopy Ac=85%—87%  a Takox AMOBIPHICHI NapamMeTpu NPOrHOCTUY-
HocTi nosutueHoro pesynbtaty +VP=90%—-91% | nyeratusHoro pesynbTaty
— VP =82% —84%  BignosigHo.

Tabnuus 1

Po3nopin 3pa3kiB 3a HasiBHICTIO 3aXBOPIOBaHHS Ta pe3yfbTaTamMmu
kapTorpadyBaHHA eninTUMHOCTI NoNApuM3aLii nasepHUX 3obpaxxeHb NIIiBOK

MK nauieHTok rpynu 1 Ta rpynu 2

Mana 3n0sKICHI 3MiHM Bcboro
eninTUYHOCTI MpucyTHi BiocyTHi
(rpyna 2) (rpyna 1)
CTaTUCTUYHMIA MOMEHT 1-ro NopsaKky M,
Mo3nTMBHI 18 15 33
HeratuBHi 17 20 37
Bcboro 35 35 70
CTaTUCTUYHUIT MOMEHT 2-ro nopsaky M2
Mo3nTnBHI 21 12 33
HeratuBHi 14 23 37
Bcboro 35 35 70
CTatuCTNYHMA MOMEHT 3-ro NopsaKy M;
Mo3nTnBHI 28 3 31
HeratuBHi 7 32 39
Bcboro 35 35 70
CTaTUCTUYHUIT MOMEHT 4-ro nopsaky M
Mo3nTUBHI 29 3 32
HeraTtusHi 6 32 38
Bcboro 35 35 70
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Tabnuusi 2
OnepauinHi xapakTepucTUKKM iHthopmaTUBHOCTI KapTorpacdyBaHHsA
eninTUYHOCTI NnonApu3adii nasepHUx 3ob6paxeHb NNiBOK
MK nauieHTok rpyn 1 Ta 2

MapameTpu M, M, M, M,
YyTnueictb S¢, % 51 60 80 83
Cneuudiunicts P, % 57 66 91 91
TouHicTb 4¢, % 54 63 85 87
IMPOrHOCTUYHICTL MO3UTMBHOrO pe3ynbTaty | 55 64 90 91
+VP 9,

[MpOrHOCTUYHICTL HeraTMBHOIO pes3ynbTaTy | 54 62 82 84
-VP %
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AkTyanbHiCTb. BOockoHaneHHs MeauyHOT TEXHIKU LUMASXOM PO3LUMPEHHS i
fiarHoCTUYHMX Ta OYHKLOHaNbHUX MOXIMBOCTEW MNPU3BOAUTL [0 3HAYHOro
YCKagHEeHHs1 KOHCTPYKLii TakMxX NpUCTPOIB Ta 36inbLUeHHS iX BapTOCTi. OCHOBHU-
MW BUMOramm, SKUM MOBMHHI 3300BOMbHATU Cy4YacHi NpUCTpOi, € 6e360niCHICTb,
HEPYMHIBHICTb Ta HeiHBa3MBHICTb B MPOLECI BUMIpIOBaHb. TOMY akTyasbHOK €
3aJaya CTBOpPEHHSA HOBMX MPUCTPOIB, siki NoeaHyBanu 6 B cobi HEBMCOKY BapTiCTb
i NPOCTOTY 3aCTOCYBaHHS 3 LUMPOKUMU (DYHKLLIOHANbHUMU MOXITMBOCTAMM.

Martepiann Tta metogu. ABTOopamu Oyno CTBOPEHO ONTUYHWUIA MPUCTPIN,
SAKUA [03BOMSE NPOBOAUTM OLHOYACHO HeiHBA3MBHE BUMIPIOBAHHS PiBHS nepu-
depiiHOro KpOBOHAMOBHEHHA (BUKOPUCTOBYHOMI iH(DpayYepBOHE BUMNPOMIHIOBAH-
HS 3 JOBXUHOW XxBuIi 905 HM) i, 32 paxyHOK BBEAEHHS AaTyMka YEepPBOHOrO BU-
NPOMiHIOBaHHA (OOBXWHa xBWMi 660 HM), BU3HA4YaT! CTYNiHb HACUYEHHS KPOBI
kucHeM (catypauii). Ha puc. 1 HaBeaeHo npuknag poboTu Lboro NPUCTPOLO.

[na BM3HaYyeHHs caTypaLii KpoBi 3aCTOCOBYETLCS PIBHAHHA 41151 YePBOHO-
ro (A4) Ta iHppa4epBOHOro (A,) Aiana3oHiB BUNPOMIHIOBaHb:

Hb Hb
Azl - ozAl2

HbO, Hb Hb HbO,
A — 4" )4 A" — 41"

S = (1)
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min 4,

d=——""",
AV, Y,

min 4

AV, V,

ae AV}» = Vmaxi - Vmini ’ (2)

S — koediuieHT caTtypadii (S=0 - Becb Hb noHoBneHo; S=1 - Becb Hb okcu-
reHoBaHo); 4;"”, 4;" — KoemilieHTM eKCTUHKUI BigHOBEHOro remMornobiHy Ha

OOBXUWHAaX XBUINb YEPBOHOro Ta iHpayYepBOHOro BUMPOMIHIOBaHHS, BiAMoBIAHO;
AV, T AV, - NnoaBivHI amnniTyauM 3MiHHOI Hanpyrm Ha BUXodax MigcuroBadvis;
A%, 4" - KoediLIEHTN eKCTUHKLIT OKCUreMOornoBiHy Ha AOBXMHaX XBUMb Yep-
BOHOrO Ta iHpa4epBOHOro BUNPOMIHIOBAHHS, BIAMOBIAHO; 4;", 4] - koediuieH-
TW eKCTUHKLUIT BiHOBMEHOro reMornobiHy Ha AOBXMHAX XBUSIb YEPBOHOMO Ta iH-
pavepBOHOro BUNPOMIHIOBaHHS, BiAMOBIAHO; V,. ,, V.., - MakcuMarnbsHe Ta Mi-

min A

HiManbHe 3Ha4YeHHs Hampyrn Ha BMXOAiI NepeTBOpoBaya CTPyM-Hanpyra Ha JoB-
XWHaxX XBuUnb 4, i 4, (puc. 2).

Yacrota nynbcy 3HaueHHA SpO,

o |Y4-kaHan

o Y-kaHan

PiBeHb KPOBOHaNOBHEHHA

Puc. 1. BusedeHHs ompumaHoi iHghopmay,ii Ha ducrnel npucmporo

A, =905HMm

Puc. 2. lNpuknad 4acoeoi 3anexHocmi cueHasie nepemeoptosaya (Hanpyau)
0191 080X 3Ha4YeHb O0BXUHU X8UITi 8UMPOMIHIO8AHHSI

BucHoBkM. ONTUYHUI NPUCTPIA, WO po3pobneHo, A03BONsE eEKTUBHO
BMpiLLyBaTN NpoGnemMy KOMMIEKCHOro HeiHBa3MBHOrO AiarHOCTyBaHHsS nepude-
piHOro KPOBOHAMOBHEHHS Ta caTypaLlii KpoBi.

«3acTocyBaHHs nasepiB y MeAuLMHI Ta Gionorii» 155



