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AN OPTOELECTRONIC DEVICE THAT NONINVASIVELY MEASURES
BLOOD OXYGEN SATURATION.

Isroilov Fakhriddin Muradgosimovich.

Qosimov Orif Faxriddinovich
(Jizzakh Polytechnic Institute).

Annotatsiya: Malumki, konning oxygenga tuyingganligini aniklashning photometric usuli ikki
hil tulginlikga ega bo'lgan erug’ manbalaridan yuk tashishni talab qiladi. Bu holat,
konstruksiyadagi gemoglobin va oxyhemoglobinning yorug'likning turli xil uzunliklari uchun turli
xil hil yutilish koeffitsienti egaligi bilan bog'liq. Khullas, 660 nm tulgin energiya (spectrning qizil
sohasi) yes gemoglobin oxyhemoglobin karaganda 10 yillik kwproq eruglik yutilishiga ega buladi.
940 nm (infraqizil nurlar sohassi) tulginda esa, aks hol ruy beradi, yani oxyhemoglobin gemoglobin
nisbatan kwprog eruglik yutadi. Shu tufaili, ikkita fargli yorug'lik manbaidan ishonchli
gemoglobinning nisbiy kiymati hagida ma‘lumot olish mumkin.

Kalit so’zlar:fotometrik, optoelektronik, diagnostika, fotoelektrik, monoxromatik,
diodli, lazerli, gemoglobin, oksigemoglobin, fotodiod.

Annotation: It is known that the photometric method of determining blood oxygen saturation
requires the use of light sources with two different wavelengths. This is due to the fact that
hemoglobin and oxyhemoglobin in the blood have different absorption coefficients for different
wavelengths of light. So, at a wavelength of 660 nm (the red part of the spectrum), hemoglobin has
10 times more light absorption than oxyhemoglobin. At the wavelength of 940 nm (infrared rays),
the opposite happens, that is, oxyhemoglobin absorbs more light than hemoglobin. Because of this,
it is possible to obtain information about the relative value of hemoglobin using two different light
sources.

Keywords: photometric, optoelectronic, diagnostics, photoelectric, monochromatic, diode,
lasers, hemoglobin, oxyhemoglobin, photodiode.

Annomayusn:. Hzeecmno, umo ¢homomempuyeckuti Memoo onpeoesenus HacbleHus Kposu
KuCJlOpO()OM mpe6yem UCNnoOJlb306aHUA UCMOYHUKOB ceema C ()ByM}Z PAa3HbIMU OnuHamu 80H. Imo
C6A3AHO C mem, 4mo 2eMO2100Ul U oKCcUcemo2nooun 6 Kpoeu umerwm pa3Hble KOSd)(ﬁuZ/‘tueHWlbl
noenowjenus Ons pazHelXx OAuH 601H ceema. Tax, npu Onume GoaHvl 660 HM (KpacHas uacme
cneKmpa) cemoznobun umeem ¢ 10 pas bonvuee ceenmonociiouerue, 4em OKCU2EMO2TIOOUH. Hpu
onune 6onnvl 940 Hm (ungpakpachvie nyyu) npoucxooum obpamHoe, Mo ecmb OKCULeMO2N00UH
nociouwiaem boavuue ceema, uem 2eMo2100UH. Eﬂaeodapﬂ IMOMY MOIAHCHO NOIYHUMb qubopmauuio
006 omHOCUMENbHOM 3HAYEHUU 2€M02JZO6MHLZ, UCnoib3ys osa PA3HBIX UCMOYHUKA ceemd.

Knioueevie cnosa: Gomomempux, 0nmosneKmpoHuK, OUACHOCMUKA, (HOMOIIEKMPUK,
MOHOXPOMAMUK, OUOO, 1A3epaap, 2eMO2NI00UH, OKCULeMO2N00UH, homoouoo.

In intensive care units, clinical monitoring and control of gas content of the
patient's blood, in particular monitoring of blood oxygen saturation, is an important
process in the diagnosis and treatment of patients. The level of blood oxygen saturation
directly reflects the physical and physiological state of the patient's body. Such a
diagnosis allows measuring the value of the level of saturation of hemoglobin with
oxygen and carbon dioxide in arterial and venous blood flows in percentages.
Currently, there are many optoelectronic diagnostic methods for measuring these
parameters, each of which has its own advantages and disadvantages.[1].
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The principle of operation of the photometric method of blood oxygen content is
based on the absorption of light emitted from the outside in the blood passing through a
certain part of the human body. (Figure 1) A photoelectric measuring device consists of
a light source and a light-sensing photodiode. http://randomstar.org/uploads/posts/2011-

04/1301968847_05-05-00.jpg

fidlfa

Figure 1 http://randomstar.org/uploads/posts/2011-04/1301968847 05-05-00.jpg

This method has a number of advantages. These include the portability and
simplicity of the devices used, as well as the non-invasiveness and speed of the
measurement methods used.

At the same time, the following problems are encountered during the
measurements:

—the need to provide the researched sample with directed and constant radiation.
It requires the use of limited and discrete spectrum radiation sources (monochromatic
light-emitting diodes and lasers);

—elimination of radiation losses and other sources of radiation that can cause
significant errors and destruction in the measurement process;

—the need to achieve a clear output signal for visualization as a graphical or
digital end result.[2].

To solve the above problems, we have analyzed all possible electronic and
optoelectronic components and determined the best option for implementing this
measurement method.

It is known that the photometric method of determining blood oxygen saturation
requires the use of light sources with two different wavelengths. This is due to the fact
that hemoglobin and oxyhemoglobin in the blood have different absorption coefficients
for different wavelengths of light. So, at a wavelength of 660 nm (the red part of the
spectrum), hemoglobin has 10 times more light absorption than oxyhemoglobin. At the
wavelength of 940 nm (infrared rays), the opposite happens, that is, oxyhemoglobin
absorbs more light than hemoglobin. Because of this, it is possible to obtain
information about the relative value of hemoglobin using two different light sources[3].

For example, this concept can be implemented on the basis of two light-emitting
diodes with different wavelengths, and based on the received signals, the ratio of
hemoglobin and oxyhemoglobin can be estimated in relative units, and finally, it will
be possible to estimate the level of oxygen saturation of the blood sample accordingly.
A red light-emitting diode with a wavelength of 640 nm and an infrared light-emitting
diode with a wavelength of 940 nm provide the difference between the required
absorption. However, there are many types of light-emitting diodes, and it is necessary
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to choose the suitable one for the measuring device according to photoelectric and
physical parameters and based on the results of blood samples.
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Figure 2. Functional block diagram of an optoelectronic meter.

The results of light transmitted through the blood must be recorded with high
resolution and transmitted for visualization . If the level of the output signal is low, it
will be very difficult to get rid of defects and errors in the measurement results using
standard measuring tools. This, in turn, leads to the application of additional schematic
solutions and perfects the principle scheme of the device.

To solve this problem, it is possible to use a single integrated circuit capable of
receiving light in a sufficiently wide spectral range. It consists of a photodiode and a
transimpedance amplifier with a variable resistance and a feedback element (Fig. 2).
This chip has a high stable gain-shift gain and requires a low power supply.

The use of the above-mentioned integrated circuit in the creation of the measuring
system allows to solve two problems at the same time:

—As long as an element capable of receiving light in a wide spectrum is selected
(Fig. 3), then one simple photodetector is used to receive radiation in the red and
infrared wavelength range, which simplifies the structure and schematic design of the
device;

—Using the built-in operational amplifier also simplifies the receiving part of the
device and increases the reliability of the meter's information channel. As a result, it is
not necessary to amplify the output signal and it can be read immediately, for example,
through an analog-to-digital converter (ADC).

226



! Ta=25°C f"""‘\

MNormalized to f

635 nm \
0.8

/
/ \

/10N
1/ \
/ \

300 500 700 00 1100
& — Wavalength — nm

Relative Responsivity

Fig. 3. Measuring sensor - spectral sensitivity of the photodetector.

The main parameter of the system under study is the output voltage of the
measurement sensor - photodetector. In this case, the amount of the output signal
reflects the level of oxygen saturation of the blood sample under investigation and is
synchronized with its change[4].

In order for the incident light intensity to be constant, the light diode must be
supplied with a stable energy source, that is, the amount of current passing through the
light diode must be constant. This problem is solved using the following techniques
and methods:

—by using independent power sources (accumulator and batteries). In this case,
the influence of uneven loading of other components of the device on the energy source
over time is eliminated, because in this case some errors may occur in the
measurements;

—by using an integrated voltage regulator that maintains the potential difference
across the light emitting diode in a specific way. This eliminates the dependence of the
system on the self-discharge of the accumulator or battery;

—the use of an indicator showing the decrease of the battery charge and its
replacement. In this, serious errors are eliminated and stable measurement results are
achieved.

Thus, the above-mentioned measurement principle allows to create an
optoelectronic device that allows to measure the level of oxygen saturation of the
patient's blood in a non-invasive way. The use of a light-emitting diode (or laser), an
integrated circuit, and a wide-bandwidth photodetector allow for a compact and
compact device[5]. The entire measuring system of this instrument can be placed in a
single and tightly closed box.
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IMPORTANCE AND ADVANTAGES OF AUTOMATION OF MEASURING INSTRUMENTS
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Annomayun. Ywby Mmakonaoa Mmemponocux XusMAmMHUHZ AcOCUll KUCMU  OYeam  yrnuaud
BOCUMANIAPUHU KATUOPIAUL HCAPAEHUHU ASMOMAIAUIMUPULL 84 YHUHR A3ATUKTAPU KYPUO YUKUICAH.

Kanum cjsnap: Yiuaw eocumanapu, Kawbpnaw, asmomMamuiaumupuis, OACmypuii mavMuHom,
npoyeoypa, MavIyMomiap 6asacu, Kanuopiaw Xucooomu.

Annomauyun. B OanHOl cmamve paccmMampueaemcs asmOMAMuUsayus npoyecca KamoposKu
Cpeocme  uMepeHutl, KOmopasi SGISemcsi KIOYesoll  Yacmblo  MEmpONoSUYecKol  Cyicobl, U ee
npeumyuecmaa.

Knrouesvie cnosa: cpeocmea uzmepenuti, KamuOposKa, asmomamusayusi, npospammHoe obecnedeHue,
npoyeodypa, 6aza OaHHLIX, OMyem o KaluoposKe.

Annotation. This article discusses the automation of the calibration process of measuring instruments,
which is a main part of the metrological service, and its advantages.

Keywords: Measuring tools, calibration, automation, software, procedure, database, calibration report.

KanuOpnam naGoparopusiapuaa naiino OynaauraH SHT THUIMK MyaMMOJap MII XaXMH Ba
XMJIMa-XWUTMTHHY OIIUPUIL, TEXHUK MyTaxaccucjaap COHMHM KaMaUTHpHIL Ba cudaT cTaHAapTiIapu
pYHXaTWHU KeHraTupumn kaOujgapHu Y3 wWuMra onagd. byHzmaH Tamkapu, XapakaTJapHU
KaMaTUpuIl ydyH Xap JgouMm Taymad Oop. KamuOpnam sxapaéHimapwHU aBTOMATJIAMITHPHIIL
nactypiapu kKanuOpiam BasudalapuHU I0KOPH Japa)kaja sHaja camapaid Xal Kuwidmra épaam
oepamu [1].
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