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The article describes a method for measuring the concentration of glucose in human blood by non-invasive
method using near-infrared optica technology. In medical practice, glucose concentration in the blood in most
cases is measured by invasive methods involving the collection of blood from the finger or vein, while non-
invasive devices for determining the level of glucose preserve the operational measurement of blood-borne levels.
Invasive methods are expensive and painful. Frequent piercing of fingers causes corns on the skin, and aso
increases the risk of spreading infectious diseases. Thus, the development of a system of non-invasive
measurement of glucose in the blood will be useful for patients with diabetes mdlitus. Non-invasive way of
measuring glucose levels in human blood is based on the use of pain-free optical technology based on near-
infrared (BIC) radiation. The proposed system consists of emitters of signals with awavelength of 940 nm. These
optical signals are sent through the earlobe, and the rays passing through it are fixed by a phototransistor located
on ancther part of the device. The concentration of glucose in the blood is determined by analyzing the intensity
variation obtained after passing the signal. The results obtained from the devel oped system show the feasibility of
using a non-invasive BIC method for monitoring blood glucose levels. The accuracy of the measurements of the
proposed system can be improved by integrating its sensitive and emitting elements based on the SOI of the

CMOS structures.
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I ntr oduction

Diabetes - a type of metabolic disease in which
blood glucose (blood sugar) in the body increases
significantly or is less than the normal leve. Increased
blood sugar is due to inadeguate production of insulin in
the blood cells, or it may be due to inadequate response
of body cells to insulin. Diabetes can lead to serious
complications, for example. - heart failure and blindness
in humans [2]. Therefore, regular monitoring of blood
glucose is an urgent problem.

Effective treatment of diabetes patients have to
periodically measure the level of glucosein the blood 3-5
times a day, or gain insights throughout the day.
Currently, people with diabetes are using an invasive tool
for individual measurements - portable glucometers.

Non-invasive glucose monitoring methods reduce
glucose-related complications and, therefore, reduce the
cost of health care. Noninvasive glucose measurement
method as infrared spectroscopy is spreading over the
years, but there are still problems with the accuracy of
such devices.
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In near infrared spectroscopy [3], the cdls will
produce glucose weakest signals absorption in humans,
since glucose is one of the biological components present
within the human body. When measuring glucose NIR
spectroscopy enables signals to penetrate into the tissue
to a depth ranging from 1 to 100 millimeters. The depth
of penetration decreases as the value of the wavelength
of thesignal isincreased by [4, 5].

|. Theprinciple of non-invasive
measur ement of blood glucose

When the light beam interacts with the tissues of the
human body, it is weakened by scattering, as well as
absorption by tissues. Because of the discrepancy
between the refractive index of the extrace lular fluid and
the cell membrane in tissues, light scattering occurs. The
extracellular fluid refractive index depends on the
concentration of glucose, whereas the cell membrane
index is considered to be relatively constant [6]. The
Bouguer-Lambert-Ber  (equation 1) law plays an
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Fig. 1. The mode of interaction of near infrared
radiation with molecules of glucose.

important role in measuring absorption, which states that
the absorption of light through any solution is
proportional to the concentration of the solution and the
length of the path traversed by the light beam [7].

In Fig. 1 schematically shows the effect of glucose
moleculesin the light path [3-5]. Fewer glucose resultsin
less scattering, shorter path and hence less absorption,
while more tissue glucose leads to greater dispersion of
greater length optical path and hence greater tissue
uptake.

Due to the higher absorption of high concentrations
of glucose is less reflected light intensity compared to
tissues with lower glucose and is defined by (1).

1 = [ye ked D
I,- where the intensity of light passed, I - the incident
light intensity, d - optica path length inside the tissue, ¢
- glucose ratio, which depends on the amount of glucose
in the tanning environment. After mathematica
transformation of equation 1, we obtain an expression for

determining the concentration of glucose:
_ In(1)-In(1o)

)
—kd

After replacing @ = kd, where « - factor of a person,
which will be individually calculated and programed, the
debugging device of non-invasive measurement of blood

glucose. Then eguation 2 becomes:
c= In(I)-In(lp)

(©)
-a

Thus, based on eguations (3), the concentration of
glucose in the blood depends on the intensity of the
incident radiation and traversed, not including individual
rate, which is calculated only once and then used as a
constant.

1. Justification of the choice of
wavelength emitting LED

The light in the range of 700 nm to 2500 nm enters
the region near infrared radiation interacts with tissue
with low energy radiation. From 600 nm to 1300 nm is
seen as near-infrared window [8], which is aso known as
therapeutic or optical window. The range of wavelengths
where the light has a maximum depth of penetration into
thetissue, called "IR window".

Glucose has peaks of light absorption at wavelengths
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940 nm, 970 nm, 1197 nm, 1408 nm, 1536 nm, 1688 nm,
1925 nm, 2100 nm, 2261 nm and 2326 nm [1], but a a
wavelength of 940 nm weakening optical signals other
blood components such as water, platelets, red blood
cells and etc. Where is the minimum [6], therefore, a a
wavelength of 940 nm can be achieved the desired depth
of penetration, and can predict and determine the actual
concentration of glucose.

The most optimally non-invasive measurement of
blood glucose levels is made using a personal ear clip
consisting of two elements: an emitting LED and a
phototrang stor, radiation peaks and absorption peaks that
are compatible with the peak glucose uptake of 940 nm.
During the study four pairs of sensitive elements were
created, which in turn gave different thresholds of
sensitivity. LEDs were the same everywhere
TSAL6100, and the best sensitive characteristics were
obtained with a phototransistor - VEMD2000X01.
Curves of wavelengths of absorption and radiation are
showed in Fig. 2
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Fig. 4. Temperature Characteristics of the LED.

I11.Impact assessment of temperature on
the measur ement accuracy of blood
glucose

Temperature dependence is one of the parameters
that significantly affect the measurement accuracy,
because one of the requirements for the measurement is
the stability display device in a certain temperature
range, or the measurement of stable temperature.

Conducting measurement with non-invasive persona
ear clipping diminates measurements at different
temperatures, Snce measurements are made directly on a
person's body with a relatively stable temperature that
remains constant over a long period of time. Also, when
measuring with a persona ear clip, due to heat transfer,
the temperature of the device is set the same as the
temperature of the ear lobe, and the methods that are
advantageous, compared with the invasive. To assess the
effect of temperature on the accuracy of measurements
using a portable invasive device measuring blood glucose
levels in Bionime RightTest GM-110, a series of
measurements was carried out at different temperatures.
The results of measurementsare givenin Table 1.

The dependence of the indications of portable
invasive devices for measuring blood glucose levels from

469

b
Table 1
Dependence of invasive glucose readings on ambient
temperature
M easurement Display
Patient Finger temperature device
(T °C) (mmol /)
23 13,9
Patient annulary 36 16,1
No 1 _ 17 18,9
middle 21 20,0
finger 35 18,2
22 4,7
ez | amday 3 =
17 5,3

the instrument temperature, and, accordingly, the
temperature of the passage of electrochemical reactions,
is shown in Fig.3. As personal ear clip comprises
emitting diode and phototransstor a a certain
wavelength and its temperature dependence can be
equated to the temperature dependence of the elements
that make up its membership.

The dependence of these eements on
temperatureis shown in Fig 4 and Fig. 5

As can be seen from the temperature dependences of

the
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Fig. 6. Dependence of the glucose ratio on the intensity of the light emitted through the ear of the ear.

these elements in the range of operating temperatures optical technique of near infrared radiation. The
(20-40°C), the manufacturer is guaranteed stable microcontroller is programmed based on the regression
operation of these elements. equation (3). This equation is formed so that glucose can
be measured non-invasively.
. On the basis of the developed our prototype device
Conclusions for non-invasive monitoring of blood glucose and in
accordance with the defined dependencies (expression 3)
The features infrared optical method based on non-  was built graphic dependences for the range and intensity
invasive measurement of blood glucose. Good  values given individua coefficient (@ = 0.02) - chosen
correlation is observed between the sensor and experimentally (Fig. 6).
measurements developed system dimensions. The results
also show the feasibility of using non-invasive methods
of measuring blood glucose based on NIR. To improve
the productivity and accuracy of the system promisingis  Kotyk M.V. - post-graduate student of the department of
the development of appropriate microsystem-on-chip engineering and el ectronics;
with integrated performance using SOC CMOS  Kogut |.T. - doctor of technical sciences, professor of the
structures. [9] department of engineering and electronics;

Based on the analyzed components designed and  Saffouri Ch.G. - student of the IV course of the Faculty
manufactured an experimental model of a portable device of Mechanics and Mathematics.

for measuring blood glucose level using noninvasive
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Oc00,1MBOCTI HEIHBAa3UBHOI0 BUMIPIOBAHHS PiBHS IVIIOKO3U B KPOBI
i3 3acTocyBaHHA OJMKHBOT0 iIHPPAYEPBOHOT0 BUINIPOMIHIOBAHHS
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B crarti onmcano cnoci6 BUMIipIOBaHHsS KOHLIEHTpaUil PiBHS IJIIOKO3M B KPOBI JIIOJMHH HEIHBa3MBHUM
METOZIOM 3 BHKOPHUCTaHHAM ONTHYHOI TEXHIKM ONKHBOrO iH(padepBOHOrO BHUIPOMIHIOBAaHHS. Y MeIUYHIi
MPAKTHL KOHLEHTPALlsS TIIOKO3H B KPOBi y OIJBIIOCTI BHITAJKIB BHMIPIOETHCS 1HBa3UBHHMH METOAAMH, ILO
nependadaroTs 3a0ip KpoBi 3 Majblsl UM BEHH, B TOW 4ac, K HEIHBA3MBHI NPUCTPOi BU3HAYCHHSI PIBHSA INIIOKO3H
JIOB30JISIIOTH ONEpaTUBHE BUMIpPIOBaHHS PiBHA Oe3 3a00py KpoBi. [HBa3uBHI METOIM € NOPOrMMH Ta OOIOUMMH.
Yacre NpOKOIIOBAaHHS NaNbLiB BUKIMKAE MO30J1 Ha LIKIpi, a TaKoX 301JIbIIye PU3MK MOIIMPEHHS iH(eKUiiHIX
3aXBOPIOBaHb. TAKUM YMHOM, PO3POOKa CUCTEMU HEIHBa3UBHOI'O BUMIPIOBaHHS IIFOKO3HU B KPOBi OyJie KOPHCHOIO
JUIL XBOPMX Ha IykpoBui niaOer. HeiHBa3uBHuMiI croci0 BHMIprOBaHHS PIBHS IJIIOKO3M B KPOBI JIOIMHU
IPYHTYEThCS Ha BHKOPHUCTaHHI 6e300iicHOI ONTHYHOI TexHosoril Ha 6a3i GunkHboro iHdpauyepsoHoro (BIY)
BUIIpOMiHIOBaHHs. [IpornoHOBaHa crcTeMa CKIafaeThesl 3 BUIPOMIHIOBAYIB CUTHANIB JIOBXKHHOMO XBHI 940 HM.
IIi onTuuHi CHUTHAIM HAJICUIIAIOTBCA Yepe3 MOUKY ByxXa, a IIPOMEHi, KOTpi npoimum ii, dikcyroTscs
(boTOoTpaH3UCTOPOM, PO3TALIOBAHUM Ha iHIIN YyacTHHI npuiaxy. KoHueHTpauis IOKO3M B KPOBI BU3HAYAETHCS
LUIAXOM aHaJli3y Bapiallil iHTEeHCHBHOCTI OTPUMAaHOrO IIic/s MIPOXOPKEHHS CUIHAly. Pe3ynbTaT, oTpuMaHi Bif
PO3po0IIeHOi CUCTEMH, MOKa3ylOTh AOLUIbHICTh BUKOPUCTaHHS HeiHBa3MBHOro Meroxy BIY mist MoHiTOpHHTY
PIBHS IJIIOKO3M B KpoBi. TOYHICTH BUMIpIOBaHb 3alpONOHOBAHOI CHUCTEMH MO)Ke OyTH MHOKpalleHa MHUIIXOM
IHTEerpaJbHOr0 BUKOHAHHS il UyTJIMBHX Ta BUNPOMiHIOIOUMX eeMeHTiB Ha ocHoBi KHI KMOH-crpykTyp.

KirouoBi cioBa: rimoko3a B KpoBi, aiadet, OiwkHINA iHppadepBonuii, HeinBasuBHui Meron, KHI KMOH-

CTPYKTYpH.
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