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Fig. 10.  Amplifier section schematic 
diagram 

The accurate solar radiation level 
comparison may be performed only if the 

sensitivities of the 9 measurement channels (sensors 
and amplifiers) are identical (Fig.10). This is the 
reason to use a special channel sensitivity 
calibration procedure. On it the sensor array PCBs, 
after assembling, are placed on the rotating disk 
horizontally and the standard sun lite source is 
situated in front of the assembly. By rotating the 
disk and measuring the maximal voltage level, 
produced by the each one channel, the sensitivity 
coefficients (for all the channels) are determined. 

3. Sensor control section 
The control unit is based on 

PIC24FJ128GA010 microcontroller using 
Microchip’s Explorer 16 development board [5]. 
The board is equipped with various interfaces, 
including digital I/O, serial UART module, ADC 
inputs and USB device module. RAM memory is 
8K bytes which is sufficient for storing input values 
from sensors. Processor instruction execution speed 
of 250 ns allows processing of input data to be done 
in the given time window (Fig.11). 

PV sensor array is connected to 9 channel 
transimpedance amplifier for amplification and 
signal level matching and then to analog-to-digital 
module of the microcontroller. The ADC module is 
high-speed, pipelined 12-bit A/D converter. 

 

 

Fig. 11.  Control system block diagram 
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The start/end position sensor is used to 
indicate start point and the full turn end point in 
measurement movements. The Texas Instruments 
DRV8824 [6] provides an integrated bipolar stepper 
motor driver solution. It has built in micro-stepping 
indexer and simple step/direction control interface. 

The system parameters, such as a scanning 
time interval, a number of averaged measurement 
samples, sensor array sensitivity data etc. may be 
added or changed by using a keyboard and LCD 
display. 

Output data are available through RS485 
interface connection. The USB port supports 
controller program development. 

MCU read PV sensors array signals at every 
step and find the maximum value. At the end of the 
rotation the algorithm finds the maximum value of 
all and interpolates with its near sensor value to find 
the exact optimal angle of elevation. The simplified 
algorithm diagram for the measurement procedure 
is presented on Fig.12. 

 

 

Fig. 12.  The simplified algorithm diagram for measurement procedure

4. Conclusions 
The sensor, proposed in this article, allows 

the user actual, real time information about the 
optimal inclination and azimuth orientation of the 
PV panels, in case to produce maximal electricity 
power. The obtained data are based on the fast and 
practically full sky observation procedure. Linear 
interpolation is used only in elevation access, 
between two sensors positions, reporting best 

values. The inclination difference for these two 
sensors is only 10 degrees.  

The azimuth resolution is set to 0,9 degree 
and match to a half step size of the stepper motor. 

For the best results in optimal position 
measurements, the type of the sensors in photocell 
array should be the same, as in PV plant panels. 

The chosen data interface (RS485) is 
convenient to cover long distances - up to 1200 m. 
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This feature adds flexibility in sensor placement, 
inside the PV plant arrangement. 

5. Acknowledgement 
This work has been supported financially by 

the: 
 Research project 152ПД0046-24/ 27.03.2015 

of the Technical University of Sofia; 
 Research project 152ПД0045-24/ 26.03.2015 

of the Technical University of Sofia. 
 
REFERENCES 
 

1. E. Ritchie, E., Argeseanu, and A., Leban, K. 
“Robust Solar Position Sensor for Tracking 
Systems”. Proc. of the 9th WSEAS Int. Conf. 
on POWER SYSTEMS, ISSN: 1790-5117, 
ISBN: 978-960-474-112-0, pp. 49-54. 

2. P. Roth, A. Georgiev, H. Boudinov. “Design 
and construction of a system for sun-tracking”. 
Renewable Energy. vol. 29 (3), 2004, pp. 393-
402. 

3. P. Roth, A. Georgiev, H. Boudinov. “Cheap 
two-axis sun-following device”. Energy 

Conversion and Management. vol. 46 (7-8), 
2005, pp. 1179-1192. 

4. J.C. Sáenz-Díez Muro, E. Jiménez Macías, 
J.M. Blanco Barrero, J. Blanco Fernández. 
“Optimal orientation procedure of photovoltaic 
solar systems through the use of a multicellular 
photovoltaic sensor”. Proc. of the Int. Conf. on 
Renewable Energies and Power Quality 
(ICREPQ’12), Santiago de Compostela, Spain, 
28th to 30th March, 2012. 

5. Explorer 16 Development Board User’s Guide: 
DS51589A Microchip Technology, 2005. 

6. DRV8824 - Stepper motor controller IC, 
Datasheet: SLVSA06H – Texas Instruments 
October 2009 – Revised December, 2013. 

Contacts 
 
e-mail: rum_pop@yahoo.com 
e-mail: stefan_lishev@abv.bg 
e-mail: ageorgiev@gmx.de 
e-mail: vasileva_nadezhda@abv.bg 
 
 

 

- 174 -


	T. Cetin Akinci, Unal Sever, Levent Gunaydin, Emine Ayaz, Serhat Seker� ANALYSIS OF LIGHT LEVELS IN A CLASS IN A DAY USING WAVELET METHOD
	Angel Ivanov, Stefan Biliderov, Petar GetsovOPEN SOURCE PRODUCTS AND SCADA FOR AUTONOMOUS UNMANNED SYSTEMS
	Galina Cherneva, Antonio AndonovEVALUATION OF THE SPECTRAL PROPERTIES OF INREGULAR PROCESSES IN DISCRETE NONLINEAR DYNAMIC SYSTEMS
	Alexander Angelov, Nikola Shakev, Georgi GanevELECTRICITY CONSUMPTION FORECASTING OF PUBLIC FACILITY
	Rositsa KazakovaSTOCHASTIC EVOLUTIONARY ALGORITHMS FOR ESTIMATION - SITUATION AND OUTLOOK
	Vladimir Ivanov, Aldeniz RashidovAUTOMATIC LIGHTING CONTROL SYSTEM
	Stefan KiranovDYNAMIC SIMULATION OF ATMOSPHERIC DISTILLATION COLUMN
	Zachary Kavroshilov, Georgi KavroshilovRATIO CONTROL SYSTEMS
	Georgi Terziyski, Ivan DragotinovAUTOMATION IDENTIFICATION OF PI AND PID CONTROLLERS
	Margarita Terziyska, Yancho Todorov, Lyubka DoukovskaNEO-FUZZY NEURAL NETWORK FOR MODELLING OF NONLINEAR MIMO DYNAMICS
	Robert Kazala, Albena Taneva, Stoicho PenkovNETWORKED SENSORS FOR ROBOT MONITORING AND CONTROLLING
	Verica Aleksovska, Albena Taneva, Ivan GanchevTRAFFIC LIGHTS CONTROL VIA WEB APPLICATION
	Ivan KostovMODELING OF INDUCTION MOTORS BY MEANS OF AN EQUIVALENT CIRCUIT
	Ivan Ganchev, Albena Taneva, Sevil Ahmed, Michail PetrovREAL-TIME SIMULATION OF PLANTS IN PROCESS CONTROL
	Dimitar Spirov, Nikolay Komitov INVESTIGATIONS OF SOFT-SWITCHING INVERTER WITH TWO AUXILIARY SWITCHES FOR AN INDUCTION MOTOR DRIVE
	Bojidar MarkovSIMULATION DEVELOPMENT OF LINEAR INDUCTION MOTOR WITH SYSTEM OF DIRECT ELECTROMAGNETIC FORCE CONTROL
	Frantisek Zezulka, Petr Marcon, Ondrej Sajdl, Ivo Vesely, Zdenek Bradac  STABILIZATION OF GRIDS WITH SIGNIFICANT CONTRIBUTION OF RENEWABLE ENERGY SOURCES
	Zdenek Roubal, Petr Marcon, Zoltan Szabo, Ondrej Saidl, Ivo Vesely, Frantisek Zezulka REMOTE MEASUREMENT AND PERFORMANCE MODELING FOR SMART GRID A-12
	Miroslav Atanasov, Vasil SpasovCOIL OPTIMISATION OF THE FAST SWITCHED CHOPPER DIPOLE MAGNET FOR THE MEDAUSTRON PROJECT
	Ivan Hadziev, Dian Malamov, Ivan Yatchev, Vesko Milev, Ivanka Dekova  DEFINING THE COEFFICIENT OF ADDITIONAL LOSSES BETWEEN BUSBARS
	Stefan ChobanovTESTS OF MOTOR DIFFERENTIAL PROTECTION
	Nikolina PetkovaDIAGNOSTIC OF POWER TRANSFORMERS
	Stefan ChobanovSETTINGS AND TESTS OF TRANSFORMER DIFFERENTIAL PROTECTION (ANSI CODE 87T)
	Dinjo Kostov, Georgi GanevCURRENT LIMITING AIR REACTORS ADDITIONAL LOSSES
	Svetlin Antonov MODELLING THE DIFFUSION OF HEAT AND POLLUTION IN CASE OF TWO-PHASE NATURE OF THE FLOW
	Sevdalina Manolova, Georgi Stoimenov, Stanislav StojnevDETERMINATION OF ENERGY CHARACTERISTICS OF BIOMASS DRYING WITH MICROWAVE
	Yordan Epitropov, Dimitar Fidanov, Kiril KolikovEVALUATION OF THE MAXIMUM ABSOLUTE INACCURACY OF AN INDIRECTLY MEASURABLE VARIABLE
	Stefan BozhkovCONNECTION BETWEEN COULOMB’S POTENTIAL AND THE POTENTIAL ENERGY OF INTERACTION BETWEEN TWO CHARGED CONDUCTING SPHERES
	Rumen Popov, Stefan Lishev, Aleksandar Georgiev, Nadezhda VasilevaOPTIMAL POSITION SENSOR FOR ORIENTATION OF PHOTOVOLTAIC PLANTS
	Nikolay PaunkovFACTORS INFLUENCING ON THE ENERGY NEEDS OF THE DOMESTIC ECONOMIES. STRATEGIES FOR SAVING OF ENERGY
	Seda H. Bostanci  SHANNON ENTROPY AND URBAN SKYLINES
	Yasin Akman, Tarik YerlikayaENCRYPTION TIME MEASUREMENT OF AES
	Plamen VasilevISO 22400 KEY PERFORMANCE INDICATORS FOR SOFTWARE INDUSTRY
	Lilyana BonevaA SURVEY OF EXPERTISE RETRIEVAL APPROACHES
	Gergana Lazarova, Todor TsonkovSENTIMENT ANALYSIS OF TEXTS IN BULGARIAN 
	Petya Pavlova, Svetlozar KamishevCOMPUTER BASED TESTING OF VISUAL MEMORY FOR COLOUR
	Dimitar Garnevski, Petya PavlovaSTUDY OF OPPORTUNITIES FOR REMOTE SUPPORT CORONAGRAPH’S DATABASE AT NAO ROZHEN
	Svetlana VasilevaSOME APPLICATIONS OF THE GPSS WORLD EXTENDED EDITOR TO CREATE OF EDUCATIVE SIMULATION MODELS
	Vladimir Dimitrov, Nadezhda Strazhakova DEVELOPMENT OF IPTV SYSTEM THROUGH WINDOWS MEDIA® PLATFORM
	Maria MarinovaSOFTWARE TOOLS FOR MULTITHREADED EXECUTION OF PROGRAMS
	Ivaylo NikolovMODELING OF SYSTEMS FOR INCREMENTAL BACKUP IN PUBLIC SECTOR INFORMATION SECURITY DEVELOPMENT
	Dimitar VasilevOPEN SOURCE SOFTWARE FOR SIMULATION AND MONITORING OF COMPUTER NETWORKS
	Swetlozar Tsankov, Valentina VoinohovskaINFORMATION SYSTEM PEDIATRICS AND MEDICAL GENETICS
	Dorina KabakchievaUSING DATA MINING METHODS FOR SOLVING STUDENT RETENTION PROBLEMS
	Antonio Hadzhikolev, Krasen PenchevMETHODS FOR IMPROVING THE IMPLEMENTATION OF INFORMATION TECHNOLOGIES IN THE HIGHER EDUCATION IN BULGARIA
	Ivan KanevCOMPARATIVE ANALYSIS OF SOFTWARE AND HARDWARE FPGA-BASED IMPLEMENTATION OF WEIGHTED AVERAGE LINEAR SPATIAL FILTERS
	Ivan KanevAN APPROACH TO FPGA-BASED DESIGN OF WEIGHTED AVERAGE LINEAR SPATIAL FILTERS
	Veselin Vasilev DISTRIBUTION OF POWER LOSSES OF TRANSMITION AND SWITCHING IN INVERTER AND RECTIFIER MODE IN DIFFERENT STRUCTURES ON IGBT INVERTERS WITH TWO AND THREE LEVEL ON OUTPUT VOLTAGE
	Veselin Vasilev  INFLUENCE OF SWITCHING FREQUENCY AND MODULATION COEFFICIENT OVER HARMONIOUS COMPOSITION ON IGBT INVERTERS WITH TWO AND THREE LEVELS AND ACTIVE-INDUCTIVE LOAD
	Dimitar G. StoyanovPHOTOCONDUCTIVITY OF SEMICONDUCTORS. TRANSITION PROCESS DURING A PLANE CASE
	Aleksandar Vuchev, Nikolay BankovAN ANALYTICAL INVESTIGATION OF A SERIES RESONANT DC-DC CONVERTER WITH AN UNSYMMETRICAL CONTROLLED RECTIFIER
	Katya AsparuhovaSIMULATION OF THE CHARACTERISTICS OF PHOTORESISTOR AND APPLIED CIRCUITS FOR TRAINING IN ELECTRONICS
	Katya AsparuhovaSIMULATION OF THE CHARACTERISTICS OF PHOTODIODE AND APPLIED CIRCUITS FOR TRAINING IN ELECTRONICS
	Ivan RachevAPPLICATION OF LINEAR SENSOR ARRAY TSLXXXX FOR CONTACTLESS MEASUREMENT OF OBJECT POSITIONING
	Ivan Tanev, Svetoslav IvanovCOMPARATIVE ANALYSIS BETWEEN DRIVERS WITH ADAPTIVE LIMITATION OF CURRENT DRAIN COUPLED WITH FEEDBACK BY DERIVED OF CURRENT
	Yanca Kissova, Svetoslav IvanovSWITCHING POWER SUPPLY SOURCE FOR CHARGING THE CAPACITOR OF HIGH VOLTAGE
	Stoyan Tzvetkov, Marian Taslakov, Emilio Mariotti, Sanka Gateva LIGHT-INDUCED ATOMIC DESORPTION FOR ALL-OPTICAL CONTROL OF LIGHT
	Margarita Deneva, Boyana Deneva DEVELOPMENT OF NEW SOLUTION OF TWO-WAVELENGTH, TRANSVERSALLY LASER- PUMPED LASER
	Nadejda Kaymakanova, Rayna Bojkova, Margarita DenevaLASER REMOVAL OF INAESTETIC BLOOD VESSELS
	Vanya PlachkovaPOLARIZATION DEPENDENT GAIN IN ERBIUM DOPED FIBER AMPLIFIER IN OVER THE ITU COMMUNICATION GRID
	Nikolay Gueorguiev, Aleksandar KolarovCRITERIA FOR EVALUATION THE EFFECTIVENESS OF THE JAMMER FOR UNDERWATER COMMUNICATION SYSTEMS
	Nikolay Gueorguiev, Aleksandar KolarovCLASSIFICATION OF THE METHODS OF THE WORK OF JAMMER OF UNDERWATER COMMUNICATION SYSTEMS
	Adriana BorodzhievaSYNTHESIS OF BCH-CODES DETECTING AND CORRECTING TWO-SYMBOLS ERRORS
	Adriana BorodzhievaENCODING AND DECODING USING REED-SOLOMON CODES WITH TWO-SYMBOLS ERRORS
	Peter Z. PetkovAMBIENT TEMPERATURE IMPACT ON PERFORMANCE SPECS OF SATELLITE COMMUNICATION ANTENNAS
	Margarita Terziyska, Yancho Todorov, Iliana Nacheva, Maria Doneva, Petya MetodievaANALYSIS OF THE PARTICLE DISTRIBUTION IN GRANULAR FUNCTIONAL FOOD



