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Abstract. A key role in measuring the level of blood oxygenation is played by a dependence of the signal being measured on
the wavelength at which measurements are performed. This paper presents a study of the blood oxygenation effect on the
signal of diffusely scattered radiation in the range of 590-860 nm wavelengths. On the basis of previous studies the spectral
characteristic of backscattered signal for different levels of blood oxygenation was obtained by the Monte Carlo modeling. In
this model photon is characterized by coordinates and weight. The size, step and direction of photon motion from the initial
point are determined at each step and specified by means of the random number generator. At each step the photon loses
some weight due to absorption. Reducing of the photon weight is also taken into consideration as a result of Fresnel
reflection and total internal reflection at two media borderland (the air and blood). The optimal wavelengths range for
application in oximeters for sufficiently accurate non-contact measurements of blood oxygenation level by detecting scattered
radiation is 650-750 nm. The adequacy of suggested model has been tested by comparing calculated characteristic with
experimental results obtained by means of double integral sphere. The highest relative backscattered signal (0.17-0.21) is
recorded at 700 nm.
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SI3BIK cTaThby — aHIIIMHACKUIHA

Cepbuika pis uutupoBanus: Kossipesa O./1., [Tymkapesa A.E., lllano6aes E.B., bupo U. HccnenoBanue BIUsSHKUS CTEHEHN OKCUTEHALIMH
KpPOBHU Ha CUTHAJI 06paTH01"0 pacCesaHus U3JIYUCHHUSA IIPU IMTOMONIIN YHUCIICHHOTIO MOACIIUPOBAHUS 1/ HaquO—TCXHI/I‘ICCKI/Iﬁ BECTHHUK I/IHq)OpMa—
IMOHHBIX TEXHOJIOTHM, MexaHuku u ontuku. 2015. Tom 15. Ne 1. C. 163-165

AnHoTanms. KiroueByro poib B U3MEPEHUM CTENIEHU OKCUI'€HAIlMM KPOBU UIPaeT 3aBUCUMOCTb M3MEPSEMOI0 CUI'Haja OT
JUIMHBI BOJIHBI, HA KOTOPOH MPOBOAATCS M3MepeHus. B maHHON paboTe MpHBOAMTCS HCCIEIOBAaHUE 3aBUCHMOCTH CHTHANa
I Qy3HO PaCCETHHOTO M3IYUYEHHUs OT CTENCHH HACBHIIIEHUS KPOBU KHCIOPOIOM B auamazoHe JiauH BoiH 590-860 HM. Ha
OCHOBE paHee MPOBEACHHBIX HCCIIEA0BAHUN ¢ UCIONb30BaHueM Merona MonTe-Kapio momydeHa crekTpanbHas XapakTepH-
CTHKa 00paTHO PACcCEsIHHOTO CHTHANA JUIS pa3HBIX CTEIEHEeH OKCHUTeHAIMH KpoBU. B Takoit Moxenu gotoH xapakrepusyercs
KOOpAMHATaMHU U BecoM. Pa3mep, miar v HampaBieHue ABIKEHHUs (OTOHA M3 MCXOAHON TOUKH OMPENETSIOTCA Ha KaXI0M
mare ¥ 3afaloTcsl IPH MOMOIIH CITydaifHbIX umcen. Ha kaxaom mare GOTOH TepseT 4acTh Beca BCIEICTBHE IHOTIIONICHHS.
Taxoke ydareHo ocinabneHne Beca (oToHa 3a cueT oTpakenns Openens u 3pdekra moIHOro BHYTPEHHETO OTPaKEHUSI Ha Tpa-
HUIE NIepecedeHus IByX cpex (BOo3IyX M KpoBb). Iloka3aHo, YTO ONTUMANBHBIA AMAna3oH IJIMH BOJH, KOTOPBIH MOXET HC-
MOJIB30BaThCSl B OKCUMETpax JIsi TOYHOTO HEKOHTAKTHOI'O U3MEPEHHs CTEIICHN OKCHI€HAIUM KPOBU C HCIIOIB30BaHUEM 3(¢)-
(exTa 00paTHOrO pacCessHHOTO M3NMydeHHs, cocTaBiser 650—-750 HM. AJEKBaTHOCTH HpearacMoil MOJETIH IpoBepeHa
IMyTEM CPaBHEHUS DPACUYETHOM 3aBUCHMMOCTH C DKCIICPUMEHTAIBHBIMHU PE3YJIbTaTaMH, MOJYYCHHBIMH C HMCHOJIb30BAaHHEM
JIBOIHON MHTETpaNbHON chepsl. Hanbonpmmii oTHOCHTENBHEIH curHan obpaTHo paccestHHOro M3mydenus (0,17-0,21) peru-
cTpupyercs Ha JuinHe BojHbI 700 HM.

KnrodeBble c10Ba: OKCUTEHAIMs, KPOBb, MOJIEHpoBanue, MeTo] MonTte-Kapio



NCCITIEQOBAHNE BNUAHWA CTEMNEHUN OKCUTEHALM KPOBU HA CUTHAIJT...

Introduction in clinical practice of pulse oximeters is considered to be the most significant achievement in
monitoring patient safety over the last 15 years [1-5]. These devices are used in mechatronic biotechnical
systems with biofeedback [1, 2, 5, 6].

The study is conducted to identify the optimal wavelengths for non-contact measurement of the degree of
blood oxygenation by detecting the scattered radiation.

For modeling the scattering of the incident radiation by blood there were given: the index of refraction
[7], the anisotropy factor [8], the scattering coefficient and the absorption coefficient of whole blood on the
wavelength [9]. The calculation was performed using numerical Monte Carlo method [10]. In this model, the
photon is characterized by the coordinate and weight. Size, step and direction of the motion of a photon from the
initial points are determined at each step and are specified using the random number generator. At each step, the
photon loses some weight as a result of acquisitions, also taken into account the weakening of the photon weight
by the Fresnel reflection and total internal reflection at the intersection of the two mediums (air and blood). The
intensity of the backscattered signal (1) composed of the total weight of the photons emerged from the medium

through the upper boundary and the fraction of the photons weighs incident on medium obtained due to reflec-
tion from the surface:

| = IFR—i_IOUT
- s

IO
where |, — fractions of the photons weigh, obtained by the Fresnel reflection; | ,; — fraction of the photons weigh
backscattered from the tissue; |, — total weight of the photons incident on the boundary between two mediums.

Spectral dependence (in the range of 590-860 nm) of the relative backscatter signal for various values of
the oxygenation degree, shown in Fig. 1, was obtained as a result of calculations. As can be seen from the graph,
the influence of the degree of oxygenation can be reduced if the measuring wavelength is near the isobestic point
at 805 nm.
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Fig. 1. Influence of the oxygenation of the blood samples on the remission signal, obtained by modeling
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Fig. 2. Influence of the oxygenation of the blood samples on the backscattered signal
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For assessing the adequacy of the model the resulting graph was compared with the graph obtained ex-
perimentally using the double Ulbricht sphere arrangement [11]. Also, we obtained the influence of the oxygena-
tion of the blood samples on the backscattered signal at wavelengths 600 nm, 700 nm and 800 nm, shown in
Fig. 2. From Fig. 2 a high backscatter signal in the wavelength range of 600—700 nm is seen.

We can conclude that the sufficiently accurate measurements of the degree of blood oxygenation can be
implemented by measuring the intensity of diffusely scattered radiation in the range wavelength of 650750 nm,
because oxygen saturation of blood in this wavelength range has the greatest influence on the backscatter signal.

Prospect for the future work is taking into account the various aspects of the blood circulation based on
the principles of biomechanics and bionics [12—14], as well as the possibilities to use the results in biofeedback
systems design [1, 3, 5, 6].
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