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Due to the limitations of reaching the grid utility to remote area, such as rural
and/or countryside areas. Stand alone photovoltaic power systems represent
good alternative that it can be adapted for electrical power delivering to these
areas. In this paper, a new design of stand alone solar system suitable for
individual building application is presented. This study focuses on proposing

a desired solar PV panels matrix arrangement and connection, in addition to

presenting an accurate design of Buck-Boost DC-DC converter which
Keywords: controlled by fuzzy logic controller FLC. The controller guarantees the
maximum Power Point working conditions and manipulates the fluctuation
of the DC link voltage of the matrix due to the weather changing. The main
system includes battery bank charger, single phase inverter, and passive
MATLAB power filter. This study addresses the design and performance analysis the
MPPT DC side of the 7.85 kW PV system. The system performance is evaluated
Photovoltaic panels matrix through MATLAB/Simulink results which reflected the promising
Solar energy indications as an effective system for rural individual stand alone building

applications.

Buck-boost converter
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1. INTRODUCTION

Stand-alone solar systems are representing a high priority alternative to the grid utility for remote
and rural areas. The solar energy availability and the zero cost of harvesting this energy in addition to the
easy usage and other all are representing the merits of this source of energy [1, 2]. Solar energy can be
converted into electrical power using the smaller unit in the solar system; this unit is solar cell which works
on producing the desired output voltage or current through designing the arrangement of cells in the
photovoltage PV panel [3]. Any desired value of electrical power (voltage, current) can be gained through
designing the connection way among the solar photovoltaic panels. To have higher supplying voltage, PV
panels should be connected in series where as to have higher supplying current, PV panels should be
connected in parallel. For certain requirements of total voltage and current, PV panels can be connected in
XY matrix that to guarantee the desired VI values [3-5].

In [6], a full design of a standalone photovoltaic system with high performance function is proposed.
The system was manipulating the fluctuation of the DC link voltage which supplied from the PV panels to
the system. Boost DC-DC converter is designed and simulated to overcome the variation in weather
condition that to have stable suppled voltage as possible. Sinusoidal Pulse Width Modulation (SPWM)
inverter is included in the system, the inverter is terminated by LCL-Filter to reduce the levels of the load
current harmonic components.
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When the number of the connected PV panels included in the PV matrix is big, the challenge of how
has maximum possible electrical power from the incident solar energy that has higher priority in the system
design. In the solar stand alone and even grid connected systems, the total quantity of the generated electrical
power from PV matrix is affected by the nonlinearity of the solar panel with repect to the irradiation and
ambent temperature [7]. To have the maximum power in the solar system, should be worked in a certain area
of the PV panel considering the solar cell characteristics with respect to the output voltage, current, and
power [8]. Many studies are focused on the algorithm effectiveness to have maximum power point tracking
(MPPT) working conditions at the variation in weather condition, these algorthms such as algorithm of
Perturb & Observe (P&O), algorithm of Incremental Conductance (IC), and short circuit current method [9-
12]. For robust MPPT function, Fuzzy Logic Control (FLC) is demonstrating this effectiveness in many
research studies [13-17]. In [13], FLC was included to enhance the performance of Hill-Climbing algorithm
for MPPT objectives. New design and setting steps for accurate anf quick response FLC are proposed in [14-
15], where as high stability system with fast tracking speed ability fuzzy logic controller are demonstrated in
[16-17]. In [18-19] : accepted paper of IJPEDS], the effect of input and output variables’ membership
modifications on the quality of FLC performance is demonstrated by observing the performance
effectiveness of Buck-Boost DC-DC converter.

Off-grid houses can help achieve the goal of providing electricity to remote places. Generating
energy from PV cells is considered to be the best option for off-grid dwellings. However, the solar power
generation is hindered by several factors like weather conditions, daylight and dust. The use of batteries as
energy-storage devices is an option to provide energy when there is a lack of sun [20]. The advantages of
working in standalone mode are many. Firstly, the dwelling unit is not dependent of the grid and is not
affected by maintenance issues or blackouts. Secondly, energy savings are very important, not only for the
owner, but for the overall consumption of countries. Finally, a new way of life is possible because isolated
areas, where the cost of electric infrastructures would be high, can become an alternative to cities [21]. The
challenges are also important such as, the economic feasibility of batteries for long periods of operation and
the size of the devices required [22]. Based on the mentioned above, this paper proposes a new design of
stand alone PV system for power supplying the remote buildings. The study focuses on the matching among
PV panel’s matrix arrangement, and the adopted type of DC-DC converter, and the high performance of
fuzzy logic controller FLC during special memberships selection to have maximum power point MPP
working condition for harvesting MPP power reaches to 7.85 kW. In Figure 1 a full design of a standalone
photovoltaic system with high performance function is proposed.

The remaining of this study is as follows: Current-voltage and power-voltage characteristics of the
designed PV matrix are shown and analyzed in Section II. Section III shows and explains the proposed stand
alone system. Full design of a Boost-Buck DC-DC converter based on FLC is explained in Section IV.
Simulation results are presented and analyzed in section V. The summary of findings is presented and
concluded in section VI.
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Figure 1. Main block diagram of the solar stand alone system

2.  SYSTEM DISCRIPTION

Figure 1 shows the main block diagram of the proposed stand alone system. First block is
represented by PV matrix which includes 24 panels. These panels are arranged as 3 parallel lines each line
includes 8 panels serially connected, more detailed about the PV matrix will be described in the next section.
The values of output PV matrix voltage and current will be measured by sensing circuit that to be entered the
fuzzy logic controller (FLC) for MPPT function. The controller is controlling the duty cycle of the Buck-
Boost DC-DC converter power electronic switch by pulse width modulation (PWM) strategy. The remaining
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blocks are represented by PWM battery charger; set of serial connection includes 8 of 48V/200Ah batteries
which supplies the Sinusoidal PWM signle phase inverter to invert the entered DC link voltage to AC
voltage. The inverter is terminated by low pass passive power filter for high order harmnoics attenuating
before delivering the AC voltage to the AC connected load. The inverter output voltage will be sensed by
sensing circuit that to be used for modulation index control to stabilize the inverter AC voltage level.

3. PHOTOVOLTAIC PANELS MATRIX

The design of the photovoltaic panel matrix is started by selecting PV panel module SPR-E20-327
of 96 solar cells type Monocrystalline Maxeon Gen II of efficiency 20.4%, Table 1 summerizes the
spectifications of the PV matrix and the selected PV panel parameters as well.

Table 1. Spicefications of the designed PV matrix and the selected PV module SPR-E20-327

Parameter Value

Number of series panels 8

Number of parallel PV lines 3

Nominal Power (Pnom) 327W

Power Tolerance +5/-0%

Avg. Panel Efficiency 20.4%

Rated Voltage (Vmpp) 547V

Rated Current (Impp) 598 A
Open-Circuit Voltage (Voc) 649V
Short-Circuit Current (Isc) 6.46 A

Max. System Voltage 600 V UL & 1000 V IEC
Maximum Series Fuse ISA

Power Temp Coef. -0.35%/°C
Voltage Temp Coef. -176.6 mV/°C
Current Temp Coef. 26mA/°C

Each PV panel in the matric includes another matrix of solar cells; these cells are producing a
certain electrical power proportional upon the falling sunlight intensity and inversely proportional with
ambient temperature value through nonlinear relationships. In other words, the value of instantaneous output
voltage and current from the PV panel are nonliearly proportional with the mentioned environmental
parameters as shown in terms (1) to (4) with respect to the equivalent electrical circuit of the solar cell [4-12],
[17] when Ip represents the diode current, Isc represents the total light generated current, /py represents the
output current of the PV panel, Rp represents the shunt resistor, and Rs represents the serial resistor all shown
in Figure 2. The arrangement of the PV panel matrix is illustrated in Figure 3, the proposed arrangement
works at maximum Power Point condition on producing ourput voltage upto 437.6 V whereas the output
current can reach up to 17.94 A. The total rated power at the MPP conditions can be reach to 7.85 kW.

Figure 2. Electrical circuit of solar PV cell

Vp
ID = IO <eVT_1> (1)
Voy = Vp — Rslpy 2
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Voviotat = No.of Serial Panels * Vpy, %)
Ipyiotar = No.of Parallel PV lines * Ipy (6)
Total Vpv =8 x 64.7V=4376V
SR RTNIT A0 Total lpv=3x 598 A= 1794 A

Figure 3. The designed PV panel matrix

The selected PV panel characteristics of I-V and P-V are demonstrated in Figure 4 and Figure 5
respectively for 5 levels of light irradiation condition and 5 levels of imbent temperature. From these figures,
the positive proportion of the output power quantity wit respect to the light intensity is clearly noticeable
whereas the inverse propotion of the output power is noticeable with respect to embint temperature. Figure 6
shows I-V and P-V characteristics of the solar PV matrix of (SPR-E20-327) modules at fixed irradiation level
of 1000 W/m2 and imbent temperature of 25 °C. Figure 6 demonstrates the importance of working at
maximum power point conditions for the PV matrix that to guarantee harvesting the higher sopar power
quantity whereas the total output voltage and current are equal the summation of 8§ PV panels serially
connected and 3 lines parallel connected respivtively as explained in (5), and (6).
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Figure 4. The solar PV module (SPR-E20-327) characteristicsat fixed imbent temperature of 25 °C;
(a) I-V characteristics at different irradiation levels. (b) P-V characteristics at same irradiation levels.
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Figure 5. The solar PV module (SPR-E20-327) characteristicsat fixed irradiation level of 1000 W/m?;
(a) I-V characteristics at different imbent temperature levels. (b) P-V characteristics at same imbent
temperature levels.
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Figure 6. The solar PV matrix of MPP power 7.85 kW using 8x3 (SPR-E20-327) modules characteristics at
fixed irradiation level of 1000 W/m? and fixed imbent temperature of 25 °C; (a) I-V characteristics (b) P-V
characteristics .

4. BUCK-BOOST DC-DC CONVERTER

This converter is stepping-up (Boost), or stepping-down (Buck) the output voltage. Based on pulse
width modulation strategy [19], [23-26], the duty cycle (D) of the gate drive pulses can be controlled to
control the duty time of the connected power electronic switch. The relation of the converter output voltage
(Vo) with respect to the converter input voltage (Vin) and the duty cylcle D of the converter switch is
explained in (7). For stepping down the input voltage, D should be less than 0.5, the converter in this
condition works as buck converter. For stepping up the input voltage, D should be greater than 0.5, and the
converter works as boost converter [18].

D
V= = Vi (-5) ™

Continuous Conduction Mode (CCM) is adopted in this study as a working mode for the converter,
and the converter components are designed based on the studies of [6], [18]. For switching frequency £, and
load resistor R, the minimum value of the inductor can be calculated by (8).

R (1-D)?
Lmin: (Zf)

®)

To work in this CCM mode, the inductor value should be greater than minimum value. On the other
side, the minimum converter capacitator C is limited by the output voltage Vo, the output voltage ripple 4V,
duty cycle D, switching frequency fand load resistor R as shown in (9).

D Yo

c=2 )

R f AV,

Due to the level of the required power (7.85 kW) which represents high level required to be
delivered from the converter, in order to reduce the stress on the switch (Insulated Gate Bipolar Transistor
IGBT), the selected switching frequency is 5 kHz. The minimum calculated value of the inductor and the
capacitor values at the selected switching frequency, and at voltage ripple (4Vo/Vo) of 2%, with D = 0.5, for
load resistance of (437.6V/~2/7850W) = 24.39Q are 0.62 mH, and 205 pF respectively. For simulation
process, the selected values of the inductor and capacitor in the Buck-Boost DC-DC converter are 1 mH, and
470 pF respectively. Figure 7 shows the diagram of the designed Buck-Boost DC-DC converter which
controlled by Fuzzy logic Controller (FLC). PV matrix represents a first part which supplies the DC
electricity to the converter. FLC is designed to guarantee the MPPT working conditions for the converter
during the weather variation conditions.

5. FUZZY LOGIC CONTROLLER

Based on the merits of the robustness and the quick controlling and tracking response of FLC as
mentioned in the previous studies, this controller is selected to capture the MPPT working condition for the
converter during the weather varying. The instantaneous voltage and current values of solar panel are
receiving as first step of the controlling function process. The instantaneous output power from PV matrix
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can be calculated by (10), then the difference between each two successive powers and voltages can be
calculated by (11), and (12) respectively. The rate of powers change to the voltages change represents the
variable of error Er(k) which shown in (13) whereas and the change of error variables can be represented by
AEr(k) shown in (14). FLC will decide the additional value change of duty cycle 4D to the initial constant
duty cycle D=0.5 by evaluating the instantaneous values and the trends of the input variables to the controller
[27-28]. Based on the principle of PWM strategy, Controlling D controls the instantaneous value of the
converter output voltage. Based on the fact of that the MPP point is located at top position of the power curve
with respect to the PV voltage, at this location of maximum power, the power change to the voltage change
equals to zero (4P/AV = 0). Figure 8 shows the location of MPP point in addition to the the blocks of the
FLC process.

Figure 7. PV matrix with Buck-Boost DC-DC converter arrangement

P(k) = V(k) = I(k) (10)
AP(k) = P(k) — P(k —1) (11
AV(k) = V(k) —V(k—1) (12)
Er(k) = 25—33 (13)
AEr(k) = Er(k) — Er(k — 1) (14)

5.1 Fuzzy logic controller blocks

As shown in Figure 8 (b), the controller includes Fuzzification block, and Fuzzy Inference Rules
block, then the Defuzzification block. The design of these FLC blocks directly effect the effectiveness of the
controller. Fuzzification Block: this block recieves the input variables in realistic domain format and converts
it to linguistic variables understandable by the next FLC blocks. The input linguistic variable of the error
Er(k) is represented by five levels: NB (Negative Big), NS (Negative Small), ZR (Zero Level), PS (Positive
Small), and PB (Positive Big). The input linguistic variable of the error change 4E¥ is represented by three
levels: NS (Negative Small), ZR (Zero Level), and PS (Positive Small). The output linguistic variable names
are designed by five changes in the duty cycle level 4D: NB (Negative Big), NS (Negative Small), ZR (Zero
Change), PS (Positive Small), and PB (Positive Big) change. Fuzzy Inference Rules Block: mamdani method
is used to design this block which includs the designed inference rules that adopted to guarantee a fast traking
function of the proposed controller to the point of maximum power can harvesting from the photovoltaiv
matrix. Defuzzification Block: this block produces the realistic value of the change in the duty cycle 4D
based on the center of gravity method. The converter is bucking or boosting the output voltage by subtract or
add the duty cycle change respectively based on the polarity of 4D to track the MPP point.
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Figure 8. Function of the fuzzy logic controller FLC: (a) maximum power point traking (MPPT),

5.2 FLC blocks design

(b) FLC blocks and

process.

This section shows the details of membership design of the input and output variables with respect
to the proposed inference rules. These rules are shown in Table II whereas Figure 9 shows the designed
memberships of power error Er(k), error change AEr(k), duty cycle change 4D (n), memberships surface
view, and the load power for different irradiation levels (600, 1000, 800, 600) W/m2. The effectiveness of
FLC is clearly demonstrated through capturing the MPP for all of the mentioned irradiation levels by
focusing around zero error position for full interval of 4 secons divided into four equal intervals of 1 second.

Table 2. FLC Fuzzy Inference Rules

No If Then

1 (er is NB) and (Der is NB) (DD is ZR)
2 (er is NB) and (Der is NS) (DD is ZR)
3 (er is NB) and (Der is ZR) (DD is NB)
4 (er is NS) and (Der is NB) (DD is ZR)
5 (er is NS) and (Der is ZR) (DD is NS)
6 (er is NS) and (Der is PB) (DD is NS)
7 (er is ZR) and (Der is NB) (DD is NS)
8 (er is ZR) and (Der is ZR) (DD is ZR)
9 (er is ZR) and (Der is PB) (DD is PS)
10 (er is PS) and (Der is NB) (DD is PS)
11 (er is PS) and (Der is ZR) (DD is PS)
12 (er is PS) and (Der is PB) (DD is ZR)
13 (er is PB) and (Der is NB) (DD is PB)
14 (er is PB) and (Der is ZR) (DD is PB)
15 (er is PB) and (Der is PB) (DD is ZR)
16 (er is NB) and (Der is PS) (DD is NB)
17 (er is NB) and (Der is PB) (DD is NB)
18 (er is NS) and (Der is NS) (DD is ZR)
19 (er is NS) and (Der is PS) (DD is NS)
20 (er is ZR) and (Der is NS) (DD is ZR)
21 (er is ZR) and (Der is PS) (DD is ZR)
22 (er is PS) and (Der is NS) (DD is PS)
23 (er is PS) and (Der is PS) (DD is ZR)
24 (er is PB) and (Der is NS) (DD is PB)
25 (er is PB) and (Der is PS) (DD is ZR)
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Figure 9. FLC blocks variables for MPPT function from top to down; (a) membership function of input
variable power error, (b) membership function of input variable power error change, (¢) membership
function of output variable duty cycle change DeltaD (k), (d) all memberships’ surface view,

(e) quantity of output power from DC-DC converter.

6. CONCLUSION

This study proposed a stand alone solar system with in details firstly in terms of architecture design, building
shape and dimentions, then in terms of electrical aspects. A full electrical and electronic design is presented by main
block diagram, then a detailed design with simulation investigating are done for the solar PV panels matrix design, Buck-
Boost DC-DC converter. By focusing in the memberships shape around Zero error position, Fuzzy Logic
Controller FLC is designed to guarantee the required working conditions of Maximum Power Point Tracking MPPT
function. Simulation results reflect the effectiveness of the proposed solution for the mentioned objective of harvesting
the maximum power at different irradiation levels and specially harvesting 7.85 kW when the irradiation
level 1000 W/m?.

ACKNOWLEDGEMENTS
The authors appreciate the financial support provided by school of engineering, American

University of Ras Al Khaimah-UAE, www.aurak.ac.ae/en/school-of-engineering.

Stand-alone PV system with MPPT function based on fuzzy logic control for ... (Hussain A. Attia)



850

a ISSN: 2088-8694

REFERENCES

(1]

(2]

(3]

(4]
(5]
(6]

(7]
(8]
(9]

(10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

(21]
[22]

(23]

[24]

[25]

M. A. Razzak, W. T. Bhuiyan, N. I. Natasha, A. K. M. M. Islam, M. K. M. Amin “Design of a Grid-connected
Photovoltaic Inverter with Maximum Power Point Tracking using Perturb and Observe Technique”, International
Journal of Power Electronics and Drive System (IJPEDS), Vol. 7, No. 4, pp. 1212~1220, December 2016.

H. A. Attia, T. K. S. Freddy, H. S. Che, W. P. Hew, A. El Khateb, “Confined Band Variable Switching Frequency
Pulse Width Modulation (CB-VSF PWM) for Single-Phase Inverter with LCL Filter”, IEEE Trans. Power
Electronics, IEEE 2016.

R. Aparnathi, V. V. Dwivedi, “Maximum Power Point Tracking in PV System with Industry Applications,”
International Journal of Power Electronics and Drive System (IJPEDS), Vol. 3, No. 4, pp. 417~423, December
2013.

Y. I. Al-Mashhadany, Hussain A. Attia, “High Performance for Real Portable Charger through Low-Power PV
System”, International Journal of Sustainable and Green Energy, Vol. 4, No. 3-1, pp. 14-18, 2015.

YI Al-Mashhadany, HA Attia, “Novel Design and Implementation of Portable Charger through Low-Power PV
Energy System”, Advanced Materials Research 925, pp.495-499, 2014.

Hussain A. Attia, Y. I. Al-Mashhadany, Beza N. Getu, “Design and Simulation of a High Performance Standalone
Photovoltaic System,” ICREGA’14 — Renewable Energy: Generation and Applications, Springer Proceedings in
Energy pp 683-697, 2014.

Attia H.A., Getu B.N., “Design & Simulation of a Solar Tracking System for Optimum Energy Absorption,”
International Journal of Thermal & Environmental Engineering, Volume 8, No. 1 17-24,2014.

Hussain A. Attia, Beza N. Getu, Yousif I. Al-Mashhadany “Design and Simulation of Dual Axis Solar Tracker for
Optimum Solar Energy Absorption”, EEECEGC2013, December 11-13, Dubai, UAE, 2013.

Hadeed Ahmed Sher, Ali F. Murtaza, Abdullah Noman, Khaled E. Addoweesh, and Marcello Chiaberge, “An
intelligent control strategy of fractional short circuit current maximum power point tracking technique for
photovoltaic applications”, JRSE, 7, 013114, 2015.

M. A. Abdourraziq and M. Maaroufi, “Experimental Verification of the Main MPPT Techniques for Photovoltaic
System”, International Journal of Power Electronics and Drive Systems (IJPEDS), Vol. 8, No. 1, pp. 384 — 391,
March 2017

S. Hassan, B. Abdelmajid, Z. Mourad, S. Aicha, B. Abdenaceur, “An Advanced MPPT Based on Artificial Bee
Colony Algorithm for MPPT Photovoltaic System under Partial Shading Condition”, International Journal of
Power Electronics and Drive System (IJPEDS), Vol. 8, No. 2, pp. 647~653, June 2017

Tilak Thakur, Kuldeep Singh bedi, “Data Based MPPT Technique for Photovoltaic System”, India Conference
(INDICON), IEEE Conference: 16-18 Dec., Hyderabad, India, 2011.

B. N. Alajmi, K. H. Ahmed, S. J. Finney, and B. W. Williams, “Fuzzy-Logic-Control Approach of a Modified Hill-
Climbing Method for Maximum Power Point in Microgrid Standalone Photovoltaic System”, I[EEE Trans. Power
Elect., vol. 26, no. 4, pp. 1022-1030, Apr. 2011.

Ahmad El Khateb, Nasrudin Abd Rahim, Jeyraj Selvaraj, and M. Nasir Uddin, “Fuzzy Logic Controller Based
SEPIC Converter for Maximum Power Point Tracking”, I[EEE Trans. ind. Appl., vol. pp. no. 99, Feb. 2014.
Subiyanto, A Mohamed, M A Hannan, “Maximum Power Point Tracking in Grid Connected PV System Using A
Novel Fuzzy Logic Controller”, Proceedings of SCOReD 2009, 16-18 Nov. UPM Serdang, Malaysia, 2009.

R. Samuel Rajesh Babu, “A Comparative Analysis of Integrated Boost Flyback Converterusing PID and Fuzzy
Controller”, International Journal of Power Electronics and Drive System (IJPEDS), Vol. 5, No. 4, pp. 486~501,
April 2015.

A. H. El Khateba, N. Abd Rahima, J. Selvaraja, “Fuzzy logic control approach of a maximum power point
employing SEPIC converter for standalone photovoltaic system”, 3rd Int. Conf. on Sustainable Future for Human
Security SUSTAIN 2012, Procedia Environmental Sciences 17, pp. 529 — 536, 2013.

Hussain Attia, “Fuzzy Logic Controller Effectiveness Evaluation through Comparative Memberships for
Photovoltaic Maximum Power Point Tracking Function”, International Journal of Power Electronics and Drive
System (IJPEDS), Vol. 9, No. 3, Sep 2018, pp. 1147-1156.

HA Attia, HW Ping, Y Al-Mashhadany, “Design and analysis for high performance synchronized inverter with
PWM power control”, Clean Energy and Technology (CEAT), 2013 IEEE Conference, 265-270, 2013.

Parra, D.; Swierczynski, M.; Stroe, D.I.; Norman, S.A.; Abdon, A.;Worlitschek, J.; O’Doherty, T.; Rodrigues, L.;
Gillott, M.; Zhang, X.; et al. “An interdisciplinary review of energy storage for communities: Challenges and
perspectives”. Renew. Sustain. Energy Rev. Vol 79, 730-749, 2017.

Mohler, D.; Sowder, D. “Energy Storage and the Need for Flexibility on the Grid. In Renewable Energy
Integration”; Elsevier: Amsterdam, Netherlands, 2017; pp. 309-316, ISBN 9780128095928.

Grantham, A.; Pudney, P.; Ward, L.A.; Whaley, D.; Boland, J. “The viability of electrical energy storage for low-
energy households”. Sol. Energy, vol. 155, pp. 1216-1224,2017.

Hussain Attia, Amjad Omar, Maen Takruri, Halah Y. Ali, “Pulse Width Modulation Based Decentralized Street
LED Light”, International Journal of Power Electronics and Drive System (IJPEDS), Vol. 8, No. 3, pp.
1238~1247, September 2017.

Attia Hussain, Sagafinia Ali, “Novel Discrete Components Based Speed Controller for Induction Motor”,
International Journal of Power Electronics and Drive Systems (IJPEDS), Vol. 7, Iss. 4, pp. 1075-1084, 2016.
Hussain A Attia, Amjad Omar, Maen Takruri, “Design of decentralized street LED light dimming system”,
Electronic Devices, Systems and Applications (ICEDSA), 2016 5th International IEEE Conference, 2016.

Int J Pow Elec & Dri Syst, Vol. 10, No. 2, June 2019 : 842 — 851



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 851

[26] Daniel W. Hart, “Power Electronics”, Published by McGraw-Hill, New York, NY 10020, ISBN 978-0-07-338067-
4,2011, www.mhhe.com

[27] R. Rahmani, M. Seyedmahmoudian, S. Mekhilef and R. Yusof, “Implementation of fuzzy logic Maximum Power
Point Tracking Controller for Photovoltaic System”, 4JAS, 10 (3), pp. 209-218, 2013.

[28] M. Kumar, S. R. Kapoor, R. Nagar, A. Verma, “Comparison between IC and Fuzzy Logic MPPT Algorithm Based
Solar PV System using Boost Converter”, IJAREEIE, Vol. 4, Iss. 6, pp. 4927-4939, 2015.

BIOGRAPHIES OF AUTHORS

Hussain Attia earned his M.Sc. degree in electronic engineering from the University of
Technology, Baghdad, in 1999. He earned his B.Sc. in electronic and communication engineering
from the same university in 1991. M.Sc. Hussain’s research interests: Power Electronics System,

n |
C e
Y
) | AC & DC Speed Control Drives, Analog & Digital Electronic Circuits Design, PWM Inverters
“ (single phase & three phases).
g f‘"?r'.
W

Fernando del Ama Gonzalo Fernando has seventeen years of teaching experience related to
construction technology, building physics and energy management in buildings. He earned a
Master in renewable energies at San Pablo CEU University in Madrid. His PhD is related to
architectural acoustics in concert halls. Prior to that, he acquired more than 10 years of professional
experience as a co-founder of a spin-off corporation, as an architectural bureau partner, and as 3D
graphic designer.

Stand-alone PV system with MPPT function based on fuzzy logic control for ... (Hussain A. Attia)



