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ANALYSIS OF PHOTOCONVERSION CHARACTERISTICS
AND PARAMETERS OF A HOLOGRAPHIC CONCENTRATOR
FOR AN ENHANCED EFFICIENCY SOLAR CELL

Abstract. The article describes the microprocessor method for measuring parameters and characteristics of
conversion of solar radiation using a holographic concentrator at its production for an enhanced efficiency solar cell.
The measurement is done using the Arduino Nano microprocessor controller, the HC-SR04 ultrasonic distance
sensor, the TCS34725 color sensor, and the BH1750 light sensor. Information from the digital measuring system is
transmitted via a serial USB port to a laptop where it is processed using the Excel spreadsheet.

The developed system for determining the quality parameters and characteristics of the holographic
concentrator ensures the obtainment of rational parameters for converting light flux and the necessary level of
dispersion and focusing of solar radiation, which contributes to reaching the maximum efficiency of the solar cell.

Key words: microprocessor method, measurement, photoconversion characteristics, holographic concentrator,
solar cell, microcontroller, distance sensor, light sensor, color sensor.

Introduction. Microprocessor-based measurement and control systems are widely used in research
by scientists from different countries [1-5].

The solar energy engineering is developing a sector related to the conversion of solar radiation into
electrical energy using a holographic concentrator [6-8].

The principle of operation of the enhanced efficiency solar cell in line with the RK patent No. 31796
is described in detail in the article [9] and is shown in figure 1.
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Figure 1 shows that the holographic concentrator is the most important element of the enhanced
efficiency solar cell. It decomposes the light flux of solar energy on the optical axis into spectral
components and focuses various wavelengths at a certain distance.

In the process of manufacturing a holographic concentrator with the required level of dispersion and
focusing, it is necessary to determine qualitative characteristics of manufactured samples. To this end it is
necessary to measure physical parameters of the light flux conversion.

For this, a digital measuring system was developed. It is shown in figure 2.

BH1750 TCS34725 RGB sensor HC-SR04
Ardyino Nano

Figure 2 — The digital system for measuring quality characteristics of holographic concentrator samples

The digital measuring system contains an 8-bit Arduino Nano microprocessor controller and three
digital sensors:

1. The HC-SR04 sensor for measuring the distance from the holographic concentrator;

2. The TCS34725 RGB sensor for measuring the color of a focused beam at the measurement point;

3. The BH1750 sensor for measuring the irradiance of the light flux transmitted through a
holographic concentrator without spectral decomposition.

The HC-SR04 digital distance sensor employs acoustic ultrasonic radiation to determine the distance
to the object. This contactless sensor ensures high accuracy and stability of measurements. The
measurement range is from 2 cm to 400 cm. Solar radiation and electromagnetic noise practically do not
affect sensor readings. The principle of operation of the digital sensor measuring the distance to the object
is based on measuring the time delay of the reflected 40 kHz ultrasonic signal and is presented in figure 3.

YNeTpassykosoi
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CTaproBoi 10 MKC
WMAYNbG
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+£ B

ECHO _]____'L «—

Jagepwra 3x0 | GND

Figure 3 — Ultrasonic sensor for measuring the distance to the object: CraproBsriii nmiynbse — Triggering pulse;
Mkec - ps; 3aneprkka 9xo — echo delay; Yisrpassykosoit nansHomep — HC-SR04 ultrasonic distance measurer;
IMunr — Ping; Oxo — Echo; IIpensrcreue - Obstacle

The HC-SR04 distance sensor is connected to the digital pins D2 and D3 that are responsible for
TRG (trigger signal) and ECHO (echo signal) respectively.

The TCS34725 RGB color sensor measures the total light intensity, the light intensity of the red,
green and blue spectral range.

The TCS34725 color sensor reads data from a set of photodiodes arranged in the form of an
8x8 matrix, which includes 16 photodiodes with blue filters, 16 photodiodes with green filters,
16 photodiodes with red filters and 16 photodiodes without filters. Four types of color photodiodes
alternate to minimize the effect of uneven intensity of incident radiation [10].

— §f —
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The BH 1750 sensor measures the visible light intensity in the range from from 380 nm (violet) to
780 nm (red) [11].

The TCS34725 and BH1750 sensors are connected via a two-wire 12C interface, and supplied from
+5 V. The 12C interface in Arduino boards is implemented on analog pins A4 and AS, which are
responsible for SDA (data bus) and SCL (clock bus) respectively [12, 13].

Research Method. Figure 4 shows the electrical circuit diagram of a digital system for measuring the
qualitative characteristics of holographic concentrator samples.

Far BHTT50

Figure 4 — The electrical circuit diagram of a digital system for measuring
the qualitative characteristics of holographic concentrator samples

The program code recorded in the microprocessor controller using a laptop initializes digital sensors,
reads the measured parameters and transfers data to the laptop for storage and analysis.

The obtained data are recorded on a laptop in an Excel spreadsheet, where the radiation intensity
graphs in lux are analyzed and plotted depending on the distance to the holographic concentrator for:
C - full-color spectrum, R - red spectrum, G - green spectrum and B - blue spectrum.

The digital system for measuring the qualitative characteristics of holographic concentrator samples
is shown in figure 5.

Figure 5 — The digital system for measuring the qualitative characteristics of holographic concentrator samples

Research Results and Discussion. Using a digital system for measuring quality characteristics, three
samples of holographic concentrators were analyzed. The measurements were performed on February 24,
2020 from 15.00 to 16.00 p.m. in the city of Almaty, the Republic of Kazakhstan. The light beam focused
by the holographic concentrator was manually pointed at the photosensor matrix. This explains the spike
in intensity.

Table below shows the results of measuring the illumination of the light flux transmitted through
holographic concentrators disregarding the spectral decomposition.
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Results of measuring the illumination of the light flux transmitted
through holographic concentrators disregarding the spectral decomposition, %

No Light Sun, lux Light in, lux %
1 20,653 7,233 35
2 20,653 5,775 28
3 20,653 8,467 41

Here, ‘Light Sun’ is the input intensity of the light flux, and ‘Light in’ is the light intensity of the light
flux transmitted through holographic concentrators disregarding the spectral decomposition.

Figures 6, 7 and 8 show diagrams of the qualitative characteristics of holographic concentrators
No. 1, No. 2 and No. 3 respectively.
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Figure 6 — Spectral decomposition of the light flux and its intensity (holographic concentrator No. 1):
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Figure 7 — Spectral decomposition of the light flux and its intensity (holographic concentrator No. 2)
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Figure 8 — Spectral decomposition of the light flux and its intensity (holographic concentrator No. 3)

The diagrams of the qualitative characteristics of holographic concentrators No. 1, No. 2 and No. 3
show that the manufacturing parameters affect the quality of dispersion and focusing. In particular, sample
No. 1 decomposes the light flux more evenly. While concentrator No. 2 is characterized by the best light
flux conversion coefficient and the worst dispersion. All parameters of the third concentrator are lower
than in the first one.

Conclusion. The developed digital system for measuring the parameters and qualitative
characteristics of the holographic concentrator ensures the determination of physical parameters of the
light flux conversion and achievement of the required dispersion and focusing of solar radiation, which
contributes to the maximum efficiency of the solar cell.

H. C. Bykrykos, K. A. Bacun

J. A. Konaes atbiHnarsl Tay-keH ici ”HCTUTYTHI, AnMmatsl, Kazakcran

MAHWJIAJIBI OCEP KOY®PUITUEHTI ’KOFAPBI KYH BATAPESCHI YIITH I'OJIOT PAGUSIBIK
KOHIEHTPATOPAbIH ®OTOTYPJEHAIPTTIH CUITATTAMAJIAPBIH TAJIJAY

AnHoTanus. Makanana naigansl ocep ko3 uimenTi xorapsl KyH OaTtapesichl YIIiH OHBI JalbIHIAY Ke3iHe
rojorpadusuIblK  KOHICHTPATOPABIH KYH paldaludsIChIHbIH TYPJICHIIpY HapaMeTpiiepi MEH CHIIaTTaMallapbiH
OIILEYIH MHKPONPOLECCOPINIBIK ~ Tocimi  cumarranaapl. Ommey "Arduino Nano" MHKpPONPOIECCOPIBIK
koHTpoJutepiniH, "HC-SR04" KambIKTHIKTHIK yIABTPaAbIObICTRIK Oenri Oeprim, "TCS34725" tyc Genri GeprimiHig
xone "BH1750" xappix Oenri OeprimiHiH KeMeTiMeH Kypri3iieni. AKmapaT CaHIBIK eJIIey JKYHeciHeH Ti30eKTi
USB nopTsI apkbUIbl HOYTOYKKa Oepiin, "Exel" kecTelnik mpoiieccopbl apKbUTbI OHICIIE/].

CaHnplk  ejueyill JKYWeHIH KOMeriMeH canaliblK CHUMaTTaMaiapibl aHbIKTay YIIiH TosorpagHsibK
KOHIICHTPATOPJIApbIH YII yirici Tamaanasl. Ommey Kasakcran PecnyOnmkacel Anmatbl Kanackiaga 2020 KbUTFBL
24 akmanpa carat 15-00-men 16-00-re mediin xypriziami. @orobenri Oeprill MaTPUIIACKIHBIH ayMarblHA KapbIK
COyJIeCiHIH rojorpadusUIBIK KOHICHTPATOPMEH TOFBICTHIPBUTY KOJIMEH JKYPTi3iimi. Byl KapKbIHIBUIBIKTBIH KYPT
e3repyiH TyCiHaipei.

Kecrene criektp OO#bIHIIA BIIBIPAY €CKEPIIMEreH royiorpausIblK KOHIEHTPATOPIAP apKbLIbl OTKEH JKApPBIK
aFBIHBIHBIH JKAPBIKTAHIBIPBLITY OJIIICY HOTHIKEIIEPI KeNTIpUIreH.

CrekTp OOMBIHIIA BIABIPAY €CKEPiIMEreH roiorpadusuIblK KOHUEHTPATOPIAp apKbLIbI
OTKEH XaPbIK aFbIHBIHBIH JKapbIKTaH/IBIPBUTYBIH OJIIICY HITHXKENIEPi, %o

No Light Sun, mroxc Light in, moxc %
1 20653 7233 35
2 20653 5775 28
3 20653 8467 41
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Byn xepme Light Sun-kapblK aFbIHBIHBIH KipiC KapKBIHABUTBIFBI, an Light in-criektp OoMBIHINA BIOBIpAY
€CKepiJIMEereH rojorpadusuIbIK KOHIEHTPATOPIIap apKbUIbl OTKEH JKapbIK aFbIHBIHBIH KAPBIKTAaHy KAPKBIHIBUIBIFEL.

Omnmey HOTIDKeNepi OOMBIHINA YII TYPIi TONOTrpadUsIbIK KOHIIEHTPATOpIap YIIiH CalallblK, CHITaTTaMaIapablH
rpaduKTepi )KaCAIIBL.

Tlonorpa¢usiblk  KOHLEHTPATOPJIApAbIH CalajblK CHUNATTaMajlapblHaH aJblHFaH TIpaduKTepi, AadbIHOAY
mapamMeTpiepine OaiIaHBICTHI AWCHEPTHpICY >KOHE (OKYCTay CamachlHBIH OPTYPMi JEHreili OpBIH alaTBIHBIH
Kepcereni, aram aiTkaHzxa, OIpiHIN YIrT CHeKTp OOWMBIHIIA JKapblK aFblHBIH OipKenki Taparaabl. ExiHmmi
KOHLIEHTPATOP/Ia JKapbIK aFbIHBIH TYPJCHIIPYIIH eH Kakchl K03 ¢uuuenTi, Oipak Hamap aucneprupiey. Y IiHii
HYCKa/1a 0apIiblK KepceTKilTep OipiHIIl HYCKaaH TOMEH.

TonorpadusanbIK KOHIEHTPATOPABIH CallallblK MapaMeTpiiepi MEH CHIIATTaMajapblH aHBIKTAYJbIH J31pJICHIeH
JKYHeci KapblK arbIHBIH TYPJCHIIPYIIH YTBIMABI IapaMeTpiepiH KoHEe KYH paJuallisiChIHBIH IUCIIEPTHpIeY MEH
(hoKyCTanybIHBIH KaKeTTi JICHIeWiH ajyra MYMKIHAIK Oepeli, o1 KYH OarapeschlHBbIH Malaanbl oCepiHiH
MaKCHMaIAbl K03 UIMEHTIH adyFa MYMKIHIIK Oepei.

Tyiiin ce3mep: MHUKPOIPOIECCOPINBIK Oic, oimey, (OTOTYPICHIIPTIII cHMaTTaManiap, TOJIOrPagusUIBIK
KOHIICHTPATOp, KYH Oatapeschl, MUKPOKOHTPOJUIEP, KAMIBIKTHIK Oenri Oeprimii, >kapblK Oenri Oeprimri, Tyc Oenri
Oeprimi.

H. C. Bykrykos, K. A. Bacun
Hucrutyt ropHoro aena um. [. A. Kynaesa, Anmartsl, Kazaxcran

AHAJIN3 ®OTOIPEOBPA3ZOBATEJIbHBIX XAPAKTEPUCTUK U TAPAMETPOB
T'OJOT'PAOHUYECKOI'O KOHIHEHTPATOPA JIJISA COTHEYHOU BATAPEN
C NOBBIIIEHHBIM KO3®®UIMEHTOM MOJE3HOI'O JEMCTBUSA

AHHoTammsi. B craTbe ommchIBaeTCs MHKPOIPOLIECCOPHBIH CIOCO0 M3MepeHus (oTonpeoOpa3oBaTesIbHBIX
XapaKTEePUCTHUK IoyIorpaduueckoro KOHIEHTPATopa NP U3TOTOBJICHUH €ro AJIsl CONHEYHOU OaTaper ¢ MOBBILICHHBIM
K03 GUIMEHTOM TOJIE3HOro JeHcTBHA. V3MepeHne INPOBOAUTCSA ¢ MOMOIIBIO MUKPOIPOLECCOPHOIO KOHTpOJLIepa
«Arduino Nano», ynpTpa3BykoBoro aatuuka paccrosinus «HC-SR04», natuuka nserHoctu «TCS34725» u natunka
ocgemieHHoctd «BH1750». Mudopmauust ¢ 1udpoBoll M3MEpUTENIBHONW CHUCTEMBI NEpelaeTcss 4epe3 IOcieo-
BatesbHbI USB nopt B HOyTOYK, r/ie 00pabarhiBaeTcsi C MOMOIIBIO TabJHMYHOTO mpoueccopa «Exely.

[Ipn momomm CMOHTHPOBaHHOH HU(POBON W3MEPUTENHEHONH CHUCTEMBI ONpENEeNICHHUs KaueCTBEHHBIX Xapak-
TEPUCTUK OBUIM MPOAHAIU3UPOBAHBI TPH 00pasna rosorpaduueckux KOHLEHTPATOpoB. V3MepeHHs: MpoBOIMINCH
24 despans 2020 roga ¢ 15-00 o 16-00 yacoB B ropone Anmarsl Pecriyonmkn Kasaxcran. HaBenenue chokycu-
POBaHHOTO roorpadMueckuM KOHLEHTPATOPOM CBETOBOT'O JIyda Ha 001acTh MaTPHIBI (POTOIATUMKOB IPOBOAMIOCH
BPY4YHYIO. OTO OOBSACHSIET PE3KHE CKaYKH HMHTCHCHBHOCTH.

B Tabnuue mnpuBeneHbI pe3yIbTaThl M3MEPEHHUs] OCBEIIEHHOCTH CBETOBOIO IOTOKA IIPOILIEIIET0 Yepes3
rosorpauyeckie KOHIEHTPATOPBI Oe3 ydeTa pa3IokKeHHs 10 CIIEKTPY.

Pe3ynbTaThl H3MEPEHHs OCBEMIEHHOCTH CBETOBOTO MIOTOKA MPOILEIIIEr0
uepe3 rosorpaduueckrue KOHIIGHTPATOPHI O3 yueTa pasioKeHHs 0 CIeKTpy, %

No Light Sun, mokc Light in, sirokc %
1 20653 7233 35
2 20653 5775 28
3 20653 8467 41

3neck Light Sun — BXOmHAs MHTEHCHUBHOCTH CBETOBOTO MOTOKA, a Light in — HHTEHCHBHOCTH OCBEIICHHOCTH
CBETOBOTO IMOTOKA MPOIIEIIIEro Yepe3 rojorpaduuecKkue KOHIICHTPATOPhI 0€3 yueTa pa3jioKeHus 1Mo CIeKTPY.

[To pesynbraTamM W3MEpPEHHS COCTABICHBI TPAapUKH KaYeCTBEHHBIX XapaKTEPUCTHK COOTBETCTBEHHO IUIS TPEX
Pa3TMYHBIX TONOTPAPUUCCKIX KOHIICHTPATOPOB.

[omyuyeHHbIC TPaQUKH KAYECTBCHHBIX XapaKTEPUCTHK TOJIOTPaQUUSCKUX KOHIICHTPATOPOB MOKA3BIBAIOT, YTO B
3aBUCHMOCTH OT [AapaMeTPOB H3rOTOBJICHHS HMEET MECTO Pa3JIMYHbIi YPOBEHb KauyeCTBa IAMCICPTUPOBAHHS U
(hOKyCHPOBKHM, B YaCTHOCTH, MEPBBIA 0Opasell Oojee paBHOMEPHO pasiaraeT CBETOBOH MOTOK MO CrHekTpy. Tak, y
BTOPOr'0 KOHIIEHTPATOpA Iy KO3(PPUIUESHT MPeoOpa3oBaHms CBETOBOTO MOTOKA, HO XY/IIEe AUCISPTUPOBAHHE.
B TpeTheM BapuaHTE BCE IOKA3aTEIN HIDKE, UM B IIEPBOM BapHaHTE.

PaspaboranHasi cuUcTeMa OINPEICICHUS KAa4eCTBEHHBIX IMapaMeTPOB W XapaKTEPUCTHK TOJOrpaduueckoro
KOHLIEHTPATOpa MO3BOJISIET MOJIYyYUTh pAalUOHAJIbHBIE MapaMeTpbl IpPeoOpa3oBaHMsi CBETOBOTO IOTOKA U
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HEOOXOAWMBI YPOBEHb AWCHEPTHPOBAHUS W (POKYCHPOBKH COJTHEYHOH paguanui, KOTOPBIH CIOCOOCTBYET
MOJyYSHHUIO MAaKCUMAJILHOTO K03 (HUIHEHTA ITOJIE3HOTO JeHCTBUS COTHETHOU OaTapen.

KioueBble cjioBa: MHUKPOIPOLECCOPHBINA CIOCO0, u3Mepenue, (orornpeoOdpa3oBaTebHbIe XapaKTEPUCTUKH,
rosiorpadMueckuii  KOHIIGHTPATOp, COJHEYHas Oarapes, MHUKPOKOHTPOJUIEp, MJAaT4YMK PACCTOSHHS, JaT4UK
OCBCHICHHOCTHU, JaTUYUK IBCTHOCTH.

PaGora BeimonHena B pamkax mnporpamMmbl BR05236263 «Co3naHue OCHOB CEpUIHOrO IMPOM3BOJCTBA
Ka3aXCTaHCKUX UCTOYHUKOB BO30OHOBIISIEMOW 3HEPTHU MUPOBOTO YPOBHSI.
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