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Introduction. The measurement of optical radiation, especially the intensity of the light flux passing through
biological tissues or other slightly transparent (cloudy) materials and the environments is a challenging
problem due to the extensive development of new light sources of different wavelengths and their use in
various fields of human activity. Important is to provide high sensitivity and accuracy measurement of the
output parameters of light fluxes passing through the studied material - the depth of penetration, attenuation
coefficient or absorption. Known methods and devices do not provide the required sensitivity and accuracy
of measuring parameters.

Main body. The aim of this study is to develop a photometric spectrum analyzer, in which, along with the
simplification of the scheme and increasing sensitivity and measurement accuracy, the score of penetration
depth of light flux into biological or other slightly transparent material, the determination of the attenuation
coefficient and the spectrogram construction based on the analysis of two signals, separated by wavelength
light sources, is ensured. One of the ways to increase the sensitivity and accuracy of the measurement devices
is to use modulating method of the output signals transformation. Implementation of this method provides
a significant reduction of the proper noises of the transformation signal path. Figure 1 shows a functional
diagram of the developed by the authors device, based on modulating transformation of the optical signal. It
provides the measurement of the slightly transparent materials absorbance, with increasing sensitivity and
accuracy.

Conclusions. Considered possibilities greatly simplify the measurement process. The use of the modulating
transformation of the light flux provides increase in sensitivity almost an order and in the measurement
accuracy, because such transformation compensates the intrinsic noise level and noise of the measurement
channel. As the light source semiconductor matrix is used. It provides accommodation of two crystals at one
point of light diodes with the most spaced wavelengths, allowing them to be placed on the same axis with
photocell and excludes collateral scattering of the light flux.
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Introduction

Measurement of the optic irradiation parameters,
first of all the intensity of the light flux passing through
the biological tissue or other slightly transparent
(cloudy) materials and environments is actual task due
to the development of the new sources of the light with
different wavelengths and their usage in different fields
of human activity [1,2].

Effectiveness of the laser and diode sources of the
tanning signals used in the technologies of the practice
medicine, food industry, in laboratory studies of the
various solutions in medicine, chemistry is closely li-
nked to the definition of the penetrating power of light
fluxes into objects of study. It’s important to provide
the high sensitivity and measurement accuracy of the
output parameters of the light fluxes passing through
the studied materials — depth of penetration, coeffi-

cient of attenuation or absorption. Indicated in the [3]
methods and devices don’t provide the necessary sensi-
tivity and measurement accuracy of the light fluxes
parameters.

Photometric spectrum analyzers considered in [4-6]
provide better metrological data, but the presence
of the special optic means (photometric ball and
light-measuring bench, the system of the protection
from the extraneous light sources etc.) so as compli-
cated optical mechanical communications and use the
mechanical modulators of the light flux make the
process of the measurement more complicated at all.
Meanwhile, the necessary sensitivity and accuracy of
measurement parameters of weak optical signals of
different wavelengths is not provided.

Described at [7] photometer used modulation
(electronic) method of converting the intensity of the
light flux, somewhat simplifies and enhances the sensi-
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tivity of the measurement parameters of flux, but it
lacks the ability to assess absorbance capacity of the
materials and liquids, the penetration depth of the
light flux through biological tissues and determine the
attenuation coefficient. At the same time, measurement
and assessment of these parameters can be used to
predict, for example, the effectiveness of treatment
with light therapy.

1 Statement of the Problem

The presence of the discussed disadvantages of
the known photometers and photometric spectrum
analyzers more or less hinder their practical use. The
design of the simple construction but high metrologi-
cal characteristics optic spectrum absorbance analyzer
of slightly transparent materials and liquids would
help its more widespread use in various fields of sci-
ence and technology. Especially important parameter
of measuring devices is increased sensitivity when li-
ght flux passing through slightly transparent analyzi-
ng material. This allows more deeply evaluate the
interaction of light fluxes and biomaterials samples, for
example, in biology and medicine, and to predict their
impact on the level of the whole organism.

Thus, considering the identified deficiencies of these
devices for measurement light fluxes — the complexi-
ty, lack of sensitivity and precision, the aim of this
study is to develop photometric spectrum analyzer, in
which, along with the simplification of the scheme and
increasing sensitivity and measurement accuracy, the
score of penetration depth of light flux into biological
or other slightly transparent material, the determinati-
on of the attenuation coefficient and the spectrogram
construction on the analysis of two signals, separated
by wavelength light sources, is ensured.

2 Hardware providing

One of the directions to increase the sensitivity
and accuracy of the measurement devices is use the
modulating method of the output signals transformati-
on [7,8]. Realization of this method use provides signifi-
cant reducing of the proper noises of the transformation
signal path. It fully concerns to optical measurements
of the slightly transparent substances and materials
properties [9].

Figure 1 shows a functional diagram to realize
the measurement of the absorbance ability of the sli-
ghtly transparent materials with use of the modulating
transformation of the optic signal.

Explication: 1 — microcontroller, whose outputs are
connected under the control inputs of the modulator
2, key 3 and synchronous detector 11; 4, 5 — emitting
diodes, which are connected to the inputs outputs key
3, and outputs irradiate object of study 6; 7 — moving
carriage with a photocell 8, its outputs connected to an

amplifier 9 and through selective switching frequency
filter 10 connected with the alarm input synchronous
detector 11. The output of the synchronous detector 11
through a low frequencies filter 12 and analog-to-digital
converter 13 is connected to the computer input 14 and
the output of a computer connected to the input of the
microcontroller.

Figure 2 shows a block conversion spectrum
analyzer.

Photometric measuring device of the materials
absorbance properties works in several stages as
follows.

Under the program, which is installed in the
computer 14, the device calibration is conducted in the
beginning of the work.

For this the work signal mode is fed from the
computer 14 to microcontroller 1 and on its outputs are
set: on the first output — voltage of the emitting diodes,
on the second — pulse voltage switching frequency €.

On the third entry is set the key position, such as
ab and to the pulsed power is connected, for example,
light diode 4 with a wavelength \;.

The carriage 7 with photocell 8 is installed at
a distance corresponding to the thickness of the
studying material. Under the influence of a switching
rectangular signal type:

where
1 2 Ssin(2n — 1)Qt
At =|-+2 2
1(®) 2+7Tn§::1 2n —1 ’ @)
and
1 2 Ssin(2n — 1)t
Bit)=|--2=
2(t) = |3 W; 51 |0 @

by modulator 2 is held periodically (with a frequency
Q) power supply for light diode 4. Accordingly, the
alternate light flux emission with power F} is carried.
It should be noted that the power supply to the light
emitting diodes is provided by feeding the modulator
with the positive half-wave modulating signal F} (¢). On
the output of the photocell 8, by the periodical work
of the modulator 2, the pulse voltage, which amplitude
is proportional to the power of light flux U f; = Fj,
is formed. The received pulse voltage is increased to
the desired value with the amplifier 9 and, as a result,
on the output of the frequency selective filter 10 the
switching signal is released

Uz(t) = UllelKgFl(t) =

= U151 K1 KssignsinQt, (4)

where S; — slope conversion of the photocell 8; —
K, transmission coefficient of the selective filter 10;
— Fy(t) = signsin Qt syhnum function (bypass of the
periodic process sign).
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Fig. 1. Functional diagram of the photometric absorbance spectrum analyzer of the slightly transparent
biomaterials

Power (4) is fed to the signal input of the
synchronous detector 11, on its managing input the
rectangular reference voltage of the same frequency
Fiopor(t) is fed. As a result of multiplying the measuri-
ng Us(t) and reference signals U (t), for each of the half
switching period, taking into account the properties of
switching functions, that Fiopor(t) = Fi(t), and the
F1(t)2 = Fy(t) , receive signal

Ug(t) = U1U31$2K1K2F1(t) ==
sin(2n — 1)Qt
= K1 K
= U1UK1 K515 + Z o — 1 (5)
where S5 — slope conversion of the synchronous

detector, U,por — reference voltage amplitude.

On the output of the low frequences filter 12 the
constant component of voltage equation (5) is released,
and the variable is delayed

uv

Us = =818 K1 K> K5 = nhu

7Kz (6)

where K3 — transfer coefficient of the low frequencies
ﬁlter, and KZ = 5152K1K2K3.

Power (6) turns by ADC in the calibration code N,
for light diode 4 and computer 14 remember it.

Fig. 2. The design of optoelectronic transducer
and measure channel spectrum analyzer (designation
according to Fig. 1)

A similar transformation algorithm implemented
with the second light diode 5 signal, with the
wavelength A5, at the key position ac to receive the
code value Ny. After calibration completion they place
studied material and carry out the same algorithm
for measuring the level of the sample output signal
receiving the code for light diode 4 — N3, and the light
diode 5 — Ny4.

Correlation «; = N3/N; characterizes the ability
of the material to absorb the light flux from emitting
diode 4 with a wavelength A\, and ay = N4/Ny —
the same data for light diode 5 with a wavelength As.
Observed values defined parameters, for example, of
separated light diodes (A\; = 400 nm — purple and A,
= 700 nm — red) allow to construct with computer
program predicted diagram of the absorption of other
wavelengths light fluxes.

Correlation 8; = (N1 — N3) /dy provides a definiti-
on of the linear absorption values, which allow to count
the weakening for similar material of other thickness dx
without additional measurements.

3 Conclusions

Considered possibilities greatly simplify the
measurement process. The use of the modulating
transformation of the light flux provides increase in
sensitivity almost an order and provides increase the
measurement accuracy, because such transformation
compensates the intrinsic noise level and noise of
the measurement channel. As the light source semi-
conductor matrix is used. It provides accommodation
of two crystals at one point of light diodes with the
most spaced wavelengths, allowing them to be placed
on the same axis with photocell and excludes collateral
scattering of the light flux.
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doroMeTpuYHUIl CIIEKTPOAHAJII3aTOP II0-
TJIMHAJIBHOI 3/IATHOCTI cj1abKo mpo3opux
b6iomarepianis

Snenxo O. I1., Illesuenkxo K. JI., Hlyavea B. A.,
TI'onrosuancvra O. /1.

ABTopamu 3amponoHoBaHa (PYHKIIOHAIbHA cxeMa (Po-
TOMETPUYIHOTO CHEKTPOAHAII3ATOPA Ta AJITOPUTM IIEPETBO-
peHHsT BUMIPIOBAJILHUX CUTHAJIIB, Kl JT03BOJIAIOTH OIIHUTH
MIOTJIMHAJIbHY 3JaTHICTH C/IabKo mpo3opux Oiomarepiasis,
piaua Ta iHMUX (izuyHux i 6Giosoriyaux 06’€KTIB, IO TIEI0
Yy IHITOI0 MipOI0 IPOIIYCKAIOTh T3 IIOTJIMHAIOTH CBITJIOBI
notoku. Ilopst 31 CIpOIEHHAM CXeMU Ta OJHOYACHUM IIiJI-
BUIIEHHAM 9y TJIMBOCTI MPAKTHYIHO HA HOPAIOK I TOYIHOCTI
BHUMIipIOBAHHS 320€3I€IyETHCS OIiHKA, TJIMOMHY TPOHMKHEH-
Hs CBITJIOBOTO MOTOKY B GiomaTepias, Bu3HadeHHs Koediri-
€HTa 3racaHHd Ta M00yI0Ba CIIEKTPOrPAMU 33 Pe3y/IbTATOM

aHAJII3y CHUTHAJIB ZIBOX, PO3HECEHNWX 3a JIOBXKWHOIO XBUJI
mrKepes cBiTia. Bukopucramus MaKCHMMAaIbHO PO3HECEHUX
3a TOBXKWHOIO XBUJI CBITJIONIOIB (CHHBOTO Ta YEPBOHOTO),
MIKPOKOHTPOJIEPA Ta IIEPCOHAJIBHOIO KOMII' IoTepa 3abe3rie-
9y€ MOXKJIMBICTE ITOOYIOBY CIIEKTPOTPAMIY [Tt BCIX MOTOKIB
BIIUMOIO CBiTJIa 32 pe3yJIbTaTaMHU TiTbKH IBOX BUMIipIO-
BaHb.

Karwosi caosa: poromerpist; CrieKTpoaHa i3aTop; 6io-
MaTepiaJii; MOIJIMHAIBHA 3JATHICTH; KOeMIIieHT 3aTyXaH-
HST; MOZYJIATIiHE TT€PEeTBOPEHHS

doTomMerpudecKuii CHEKTPOAHAIN3ATOP
morJIoinaIeii cmocobuocru cjaabo mpo-
3pavHbIX OMOMAaTEpPUAIOB

Snenxo A. @., Illesuenxo K. JI., Illyavea B. A.,
Toroeuanckasn A. /1.

Apropamu nipeyiokena dbyHKIMOHAIbHAS cxeMa (POTo-
METPHUYECKOIO CIEKTPOAHAIU3aTOPA U AJrOPUTM IIpeodpa-
30BaHUs M3MEPUTEILHBIX CUTHAJIOB, KOTOPHIE MO3BOJISIOT
OIEHUTH TIOTJIOMIAIONIYIO CIIOCOOHOCTD CJIa00 MTPO3PAUTHBIX
OmoMaTepuasioB, KUIKOCTEH n aApyrux Gu3nIecKux u ow-
OJIOTMYEeCKUX OOBEKTOB, B TOW WJIN WHON CTETEHM TIPOILY-
CKAIOIINX ¥ IIOTJIONIAIONINX CBETOBbIe MOTOKW. Hapsamy c
YIIPOIIEHUEM CXEMbI U OJHOBPEMEHHBIM HOBBINIEHUEM H9YB-
CTBUTEILHOCTH TTPAKTUIECKU HA TTOPSIIOK ¥ TOYHOCTH U3Me-
peHus 00eCrednBaeTCS OIEHKA TIJIyOMHBI IIPOHUKHOBEHUS
CBETOBOrO MOTOKa B OmomarepuaJi, orpejesenne Kodhdu-
IMEHTA 3aTYyXaHWs W MOCTPOEHME CIEKTPOTPAMMBI TI0 pe-
3y/IbTATaM AHAJIN3a CUTHAJIOB ABYX DA3HECEHHBIX I10 JJINHE
BOJIHBI MCTOYHUKOB CBeTa. VICIOJIb30BaHME MAKCUMAJIHHO
PA3HECEHHBIX TIO JI/TAHE BOJTHBI CBETOAMOOB (CHHETO W Kpa-
CHOT0), MUKPOKOHTDOJIJIEPA U MEPCOHAIBHOTO KOMITHIOTEPA
obecrieunBaeT BO3MOXKHOCTH IIOCTPOEHHsI CIIEKTPOrPAMMObI
JIJIsT BCEX TTOTOKOB BUIMMOTO CBETA IO PE3Y/IhTATAM TOJIHKO
JABYX W3MEDPECHUM.

Karouesvie carosa: GHOTOMETDHST; CIEKTPOAHAIUIATOD;
GroMaTepuaJIbl; MOTJIONIAIONIAsT CIIOCOOHOCTR; K03(h dmIm-
€HT 3aTYXaHHS; MOIY/IAUOHHOE IPe0Opa30BaHme
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