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ABSTRACT 19 

This paper presents, a Hybrid Maximum Power Point Tracking (HMPPT) controller for solar power 20 
system is modeled using MATLAB Simulink. The model consists of PV module, boost converter, and 21 
HMPPT controller and load. The proposed hybrid method is a maximum power coefficient (KP) and 22 
modified hill climbing MPPT method. The boost converter model is allowed the input voltage of the 23 
converter, i.e. output voltage of PV is changed by varying the duty cycle, so that the hybrid maximum 24 
power point could be tracked when the environmental changes. The increasing efficiency of the solar 25 
power system is important engineering task. From the experiment, the developed model comforms 26 
with the circuit model provided by MATLAB Simulink Power Simulation. The power system was 27 
simulated in single (autonomous) power system worked on own load with R=25, 50, 100 Ohm 28 
dependence Pout from duty cycle D. Existing methods of maximum power point tracking of such 29 
systems not always can  to search surely for maximum power point if there are existing  some local 30 
maximums of power. It can be if illumination of few non-oriented solar panels are different. Furher, the 31 
simulation results show that the developed model performs well in tracking the hybrid maximum 32 
power point of the PV module using modified hill climbing (HC) Algorithm and maximum power 33 
coefficient (KP). 34 
  35 
Keywords: hybrid MPPT methods, Photovoltaic, boost converter, model Simulink. 36 

1. INTRODUCTION 37 

Green technology is one of the most renewable and clean energy sources. It attracts the human ’s 38 
attention because of its clean power, cost reduction, continuity and reliability. It aims at finding ways 39 
of producing energy that does not deplete natural sources of energy [1-2]. It refers to the alternative 40 
technology which reduces fuel use and expects less damage to living things and environment. One of 41 
the most important renewable energy sources is solar radiation.The solar PV panels have a non-42 
linear characteristic curve which means output power of PV arrays is always changing with 43 
environmental conditions the point of maximum power (Pmpp) shifts its position.Therefore, a fixed 44 
operating point cannot be enforced on a PV system. [3-4]. 45 
An important consideration in achieving high efficiency in the PV power generation system is to match 46 
the PV source and load impedance properly for any weather conditions, thus obtaining maximum 47 
power generation [2-5]. 48 
Some hybrid methods are used so as to match the source and load properly, thereby increasing the 49 
efficiency of solar cell [6]. The hybrid methods, which are those that combination of indirect and direct 50 
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methods,estimates a value by indirect method, tracks using perturbations towards MPP using direct 51 
methods and faster convergence rate [7-13]. 52 
Maximum power coefficient is a new method, which is the product of multiplication the open circuit 53 
voltage  coefficient KV ( the ratio of actual voltage to open circuit voltage VOC) and the short circuit 54 
current coefficient  of KI  (the ratio of the actual current to short circuit current ISC) [14-17]. 55 
The most MPPT method of the available PV systems operate on hill climbing method owing to its high 56 
precision, simple structure, direct investigation of power, high reliability, and independence from 57 
sensors such as radiation and temperature sensors [17-24]. This method has three major 58 
disadvantages:Firstly tracking local peaks of the solar array voltage-power curve, secondly 59 
oscillations around the MPP and thirdly low speed. A DC to DC boost converter is needed for 60 
implementing HMPPT. The DC-DC converter deliver the maximum power from PV module to load by 61 
adjusting the duty cycle and able to distribute a maximum power when load is changes [25]. The 62 
proposed hybrid method is a maximum power coefficient (KP) and modified hill climbing MPPT 63 
method. The paper is organized as follows. Section 2 general configuration of solar power system. 64 
The briefly explains the modeling of solar PV array in section 3. The proposed algorithm is presented 65 
in section 4. Section 5 the briefly explains the DC-DC boost converter the testing procedure adopted 66 
for the proposed algorithm. Section 6 discusses the simulation results. The section 7 the conclusion of 67 
the paper. 68 
 69 
2. GENERAL CONFIGURATION OF SOLAR POWER SYSTEM 70 
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             Fig 1. General block diagram of configuration of Solar Power System 72 

 73 
3. MODEL OF SOLAR PV ARRAY 74 

Analyzing the physical model, a photovoltaic cell can be modeled as a current source connected in 75 
parallel with a single diode for its simplicity. Current source produces a constant current, this current 76 
is proportional to the intensity of the light falling upon the cell. A general mathematical description of 77 
current-voltage output characteristics of a PV cell has been studied for over the last few decades to 78 
improve the efficiency of solar PV module [23-28]. The output obtained from the module is variable 79 
DC voltage, this voltage depends upon the solar radiation intensity and temperature. The leakage of 80 
the semiconductor junction is represented as the parallel resistance Rp of PV cell and the connection 81 
between cells are modeled as a small series resistance RS [2,7,9-11,13,15,26-42]. The simplest 82 
equivalent circuit of the general model, is shown in Fig. 2. [2,7,9,11,13,15,26-47]. 83 
 84 
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 86 

Fig. 2. Equivalent Circuit of Photovoltaic Cell. 87 

 88 
From the circuit in figure1 the output panel current can be expressed as equation 1[2,7,9-11,13,15,26-89 
36,44].  90 

       (1) 

Where  91 
I: PV module terminal current (A), Iph: Photovoltaic current or light-generated current (A), Id:  Shockley 92 
diode equation, Ip: Current of parallel resistance (A). 93 
According to the model of a solar cell, the relationship between the cell`s current and voltage, and by 94 
applying Kirchhoff’s law, we can determine the voltage-ampere dependency of the photovoltaic cell, 95 
can be expressed as equation 2 [2,7,9-11,13,15,25-47]. 96 
 97 

 
(2) 

Where  98 
Is: The diode saturation current or cell saturation of dark current (A),q: The electron charge (1.602×10-99 
19) (C), KB: The Boltzmann constant (1.38×10-23) (J/K), TC: The cell working temperature (K), A: The 100 
diode factor (1…1.6), V: The PV module terminal voltage (V). 101 
When Rs is assumed to be zero. That is, no series loss. The photocurrent mainly depends on the 102 
solar isolation and cell’s working temperature, which is described as equation 3 [2-7,10,13,15,25-103 
28,33-35,39,42,44]. 104 
 105 

 
 (3) 

 106 
When ISC is the short-circuit current at a (25 °C and 1000W/m2); K1 is the cell’s short-circuit 107 
temperature coefficient, Tref, the reference temperature [in Kelvin], respectively, G and Gref , the 108 
radiation and radiation at standard test condition (1000W/m2), respectively. On the other hand, the 109 
diode saturation current (Is) dependence with the temperature can be described as equations 4 and 5, 110 
respectively [2-7,10,13,15,25-28,33-35,39,42,44,46]. 111 
 112 

 
 (4) 

 113 

 
 (5) 

 114 
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Where Irs is the reverse saturation current at reference temperature and solar radiation; Eg is the 115 
band-gap energy of the semiconductor material and A is the ideality factor, depends on cell`s 116 
manufacturing technology. 117 
The solar photovoltaic array is formed by a series-parallel combination of appropriate solar cell to 118 
provide electric power demand of the consumers. Np represents the cells interconnected in parallel 119 
and Ns shows the cells interconnected in series as shown in Fig.3, the relationship between the 120 
output current and voltage is expressed as equation 14 [2-7,10,13,15,26-27,29-42,47]. 121 
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             Fig 3. Equivalent circuit model of solar PV array 123 

 124 

 

(6) 

 125 
Solar array has been simulated in MATLAB to investigate the characteristic curves subject to working 126 
temperature and atmospheric irradiation condition. Four solar module are connected in series to form 127 
panels and, as it appears in figure 4. Each module exposed to light source.  128 
 129 
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Fig 4. Simulation diagram for of PV array built in SimPowerSystems. 131 
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 133 
Fig 5. Characteristics curve of a typical PV cell. 134 

 135 

4. PROPOSED ALGORITHM 136 

The proposed algorithm is shown in Fig. 6. It is a two stage MPPT method that has the maximum 137 
power coefficient (KP) method as the first stage and modified hill climbing as the second stage. The 138 
hybrid methods consist of indirect method and direct method. Indirect method is new method 139 
maximum power coefficient (KP) and direct method modified hill climbing.  140 
The maximum power coefficient (KP) method which is the product of multiplication the open circuit 141 
voltage  coefficient KV ( the ratio of actual voltage to open circuit voltage VOC) and the short circuit 142 
current coefficient  of KI  (the ratio of the actual current to short circuit current ISC) [3,7,14-17]. 143 
Hill climbing (HC)  technique is widely applied in MPPT controllers because of their simplicity and 144 
simple usage. In this method, the duty cycle of the power converter can change and the power is 145 
absorbed from the array compared to the previous stage. If power increases, the duty cycle changes 146 
to the previous direction and if power decreases, the duty cycle changes to the opposite direction [17-147 
24,31-33]. 148 
 149 
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Fig. 6. Flowchart of Hybrid MPPT algorithm. 151 
 152 
5. DC-DC BOOST CONVERTER 153 

Boost converter is one of DC-DC converter type which is used to convert step up the input voltage of 154 
the converter. Figure 4 shows the topology of boost converter which consists of power switch S, diode 155 
D, inductor L, and input/output capacitors C1,C2. Insulated Gate Bipolar Transistor (IGBT), is selected 156 
as power switch S, due to high frequency and high voltage application.The boost converter is 157 
responsible for tracking maximum power available at the PV array and deliver the maximum power 158 
from PV module to load by adjusting the duty cycle and able to distribute a maximum power when 159 
load is changes. The proposed algorithm is tested using simulink as shown in Fig.7. A boost converter 160 
is designed to interface the PV panel with the load [25-29,31-32,41-42,45,47]. 161 
 162 
 163 
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Fig. 7. Simulink-model of Boost DC-DC converter. 165 

 166 
6. SIMULATION RESULTS  167 

The power system was simulated in single (autonomous) power system worked with different loads 168 
R=25, 50, 100 Ohm. Dependence Pout from duty cicle D for single load. The calculation is performed 169 
for four series panels, which are presented in figure 4.  170 
 171 
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Fig. 8. Dependence Pout from duty cycle D for single system. 173 

 174 
This function can be used for calculation of ∆Di but needed in scaling and cropping. Scaling is 175 
performed on the value of Pout and scale coefficient Ksc.  176 

 177 

                                            
i i-1
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P P 2 1
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Where Pi, Pi-1 - present and previous measured values output power; Di, Di-1 – the present and 180 
previous values of duty cycle pulses. To ensure the stability of the algorithm the incremental value is 181 
confined to the interval [-0.1, 0.1]. 182 
 183 

 
i

i i i
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D = D if 0.1 D 0.1

0.1 if D 0.1

− ∆ ≤ −
∆ ∆ − ∆
 ∆ ≥

p p

 

 (8) 

 184 
The function dPout/dD with different loads R=25, 50, 100 Ohm is shown on Fig. 9. and Modified 185 
function for calculation of ∆Di is shown on Fig. 10. 186 
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Fig. 9. Dependence dPout/dD from duty cycle D for single system. 189 

 190 
Recommended value of the scaling coefficient: Ksc= 40 – for systems running on a single load. These 191 
values are determined by the width of the ∆Di function transition area from -0.1 to 0.1 which must be 192 
more wide than 0.1 and still very well. 193 
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Fig. 10. Modified function for calculation of ∆∆∆∆Di for single system. 196 

 197 

7. CONCLUSION 198 

This paper presents the modeling of maximum power point tracking (MPPT) hybrid method based on 199 
modified hill climbing (HC) method and controling of power coefficient. The aspect of the method is 200 
choosing initial point through power coefficient which is the product of multiplication the open circuit 201 
voltage  coefficient KV ( the ratio of actual voltage to open circuit voltage VOC) and the short circuit 202 
current coefficient  of KI  (the ratio of the actual current to short circuit current ISC). And next tracking 203 
by using of special function through digital differentiation of measured values of output power with 204 
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scaling on actual power and special empirical coefficient. The simulation results revealed robust 205 
tracking of the global maximum power at a sufficiently rapid convergence. 206 
 207 
REFERENCES 208 

1. Demirbas A. Waste Energy for Life Cycle Assessment, Green Energy and Technology, DOI 209 
10.1007/978-3-319-40551-3_2 210 

2. Jasim AM;  Shepetov YA.  Power Electronic for Single-Phase Grid-Connected PV System. East 211 
European Scientific Journal. 2016;6;84-90. 212 

3. Jasim AM;  Shepetov YA. Methods of photovoltaic power control mode. Aerospace Engineering 213 
and Technology (Ukr.) 2015;2;51–57. 214 

4. Ben Mahmoud Z; Hamouda M; Khedher A. A comparative study of four widely-adopted MPPT 215 
techniques for PV power systems. Control Engineering & Information Technology (CEIT). 2016; 216 
DOI: 10.1109/CEIT.2016.7929090. 217 

5. Anand Kumar S; Ratnakar KL; Yogananda BS; Kamath BR. Simulation of Photovoltaic Cell and 218 
MPPT Controllers and their Analysis. International Journal of Engineering Science and 219 
Innovative Technology (IJESIT). 2015;4(3);253-263.  220 

6. Sher HA; Murtaza AF; Al-Haddad K. A Hybrid Maximum Power Point Tracking Method for 221 
Photovoltaic Applications with Reduced Offline Measurements. Industrial Technology (ICIT). 222 
2017; DOI: 10.1109/ICIT.2017.7915585  223 

7. Adedayo M; Farayola; Hasan AN; Ali A. Comparison of Modified Incremental Conductance and 224 
Fuzzy Logic MPPT Algorithm Using Modified CUK Converter. Renewable Energy Congress 225 
(IREC). 2017; DOI: 10.1109/IREC.2017.7926029. 226 

8. Subudhi B; Pradhan R. A Comparative Study on Maximum Power Point Tracking Techniques  227 
for Photovoltaic Power Systems. IEEE Transactions on sustainble energy. 2013;1(4):89-98. 228 

9. Javier C; Pindado S; Sanz-Andrés Á. Accurate Simulation of MPPT Methods Performance     229 
When Applied to   Commercial    Photovoltaic Panels. Journal of Scientific World. 2015;    ID 230 
914212. 231 

10. Masood B; Siddique MS; Asif RM; ul-Haq MZ. Maximum power point tracking using  hybrid  232 
perturb  &  observe  and  incremental  conductance  techniques.  Engineering Technology and 233 
Technopreneuship (ICE2T). 2014; DOI: 10.1109/ICE2T.2014.7006277. 234 

11. Sher HA; Murtaza AF; Al-Haddad K. A hybrid maximum  power  point  tracking  method  for 235 
photovoltaic applications with reduced offline  Measurements. 2017 IEEE International 236 
Conference on Industrial Technology (ICIT). 2017; DOI: 10.1109/ICIT.2017.7915585. 237 

12. Nagaraju K; Bhavithira V. A Comparitive Study of Solar MPPT Control Techniques, Middle-East 238 
Journal of Scientific Research. 2016;24(4):1122-1127. 239 

13. Labeeb K ; Shankar S ; Ramprabhakar J. Hybrid MPPT Controller for Accurate and Quick 240 
Tracking. Recent Trends in Electronics, Information & Communication Technology (RTEICT). 241 
2016; DOI: 10.1109/RTEICT.2016.7808089 242 

14. Ngan MS; Tan CW. A study of maximum power point tracking algorithms for stand-alone 243 
Photovoltaic System. Applied Power Electronics Colloquium (IAPEC). 244 
2011;DOI: 10.1109/IAPEC.2011.5779863. 245 

15. Reisi AR; Moradi MH; Jamasb S. Classification and comparison of maximum power point 246 
tracking techniques for photovoltaic system: A review. Renewable and Sustainable  Energy 247 
Reviews. 2013;19:433-443. 248 

16. Vicente EM ; Moreno RL. Ribeiro ER. MPPT  Technique  Based  on  Current  and Temp-erature 249 
Measurements. International Journal of Photoenergy. 2015; ID 242745 250 

17. Jasim AM;  Shepetov YA. Novel Classification for Tracking Techniques Maximum Power Point in 251 
Solar Photovoltaic Systems. Current Journal of Applied Science and Technology (CJAST).  252 
2017; 21(6):1 – 13. DOI: 10.9734/CJAST/2017/34406 253 

18. Xiao W; Elnosh A; Khadkikar V; Zeineldin H. Overview of Maximum Power Point Tracking   254 
Technologies for Photovoltaic Power Systems. 2011;DOI: 10.1109/IECON.2011.6119946. 255 

19. Antonio LG; Marquez MBS; Rodriguez OP. Maximum power point tracking techniques in phot-256 
ovoltaic systems: A brief review. Power Electronics (CIEP). 2016; 257 
DOI: 10.1109/CIEP.2016.7530777. 258 

20. Banaei MR; Shirinabady MR. MPPT control of photovoltaic using SEPIC converter to reduce the 259 
input current ripples. Journal of Engineering Research and Applications. 2014;(1):1257–1268. 260 

21. Bahari  MI;Tarassodi P; Naeini YM; Khalilabad AK; Shirazi P. Modeling and simulation of hill 261 
climbing MPPT algorithm for photovoltaic application. Power Electronics, Electrical Drives, 262 
Automation and Motion (SPEEDAM). 2016;  DOI:10.1109/SPEEDAM.2016.7525990. 263 



9 
 

22. Belkaid A; Gaubert Jean-Paul; Gherbi A. Design and implementation of a high performance 264 
technique for tracking PV peak power. IET Renewable Power Generation Generation. 2017; 265 
11(1):1-11. DOI: 10.1049/iet-rpg.2016.0023. 266 

23. Jeddi N ; Ouni El Amraoui L. Comparative study of MPPT techniques for PV control systems.  267 
Electrical Sciences and Technologies in Maghreb (CISTEM), 2014 International Conference. 268 
2014;4(12):1–7.  269 

24. Jasim AM;  Shepetov YA. Modified Hill Climbing Maximum Power Point Tracking (MPPT) 270 
Control Method For Satellite Electrical Power Supply System. Aviation and space technology. 271 
2017;2;78-83. 272 

25. RatnaIka P; Rifa’I M. Maximum Power Point Tracking Control For Photovoltaic Using Neural 273 
Fuzzy. International journal of Computer and Electrical Engineering. 2012; 4(1). DOI: 274 
10.7763/IJCEE.2012.V4.454 275 

26. Tahiri FE; Chikh K; Khafallah M; Saad A. Comparative study between two Maximum Power 276 
Point Tracking techniques for photovoltaic system. Electrical and Information Technologies 277 
(ICEIT).2016; DOI:10.1109/EITech.2016.7519571. 278 

27. Abderezak L; Aissa B; Hamza S. Comparative study of three MPPT algorithms for a photovoltaic 279 
system control. Information Technology and Computer Applications Congress (WCITCA), 2015. 280 
DOI: 10.1109/WCITCA.2015.7367039. 281 

28. Jasim AM;  Shepetov YA. Mathematical Model of PV Module with Pulse Width Modulati-on 282 
Control . Aviation and space technics and technology. 2015;3;60-66. 283 

29. Bouselham L; Hajji B; Hajji H. Comparative study of different MPPT methods for photovoltaic 284 
system. Renewable and Sustainable Energy Conference (IRSEC). 285 
2015;DOI: 10.1109/IRSEC.2015.7455085 286 

30. Zakariae JA;  Abdelhadi R; Abdelmounaim E; Omar B.Toward an approach to improve MPPT  287 
efficiency for PV system.  Wireless Technologies, Embedded and Intelligent Systems (WITS). 288 
2017;DOI: 10.1109/WITS.2017.7934644. 289 

31. Dash SK; Verma D; nema S; Nema RK. Comparative analysis of maximum power point (MPP) 290 
tracking techniques for solar PV application using MATLAB, Simulink. IEEE Conference Recent 291 
Advances and Innovations in Engineering (ICRAIE). 2014;DOI: 10.1109/ ICRAIE.2014.6909110. 292 

32. Haque, A. Maximum Power Point Tracking (MPPT) Scheme for Solar Photovoltaic System.     293 
Energy Technology & Pollicy. 2014;DOI: 10.1080/23317000.2014.979379. 294 

33. Mohammad Iman Bahari; Pouya Tarassodi; Yousef Mazaheri Naeini; Ali Kalantari 295 
Khalilabad; Paimaneh Shirazi.  Modeling and simulation of hill climbing MPPT algorithm 296 
for photovoltaic application. 2016;DOI: 10.1109/SPEEDAM.2016.7525990. 297 

34. Wang Bing; Wang Yuxian; Zhou Jianliang; Qian Yanping. A novel method for parameter 298 
identification of photovoltaic array. Control Conference (CCC). 299 
2014;DOI: 10.1109/ChiCC.2014.6896140 300 

35. Cemal Keles; B. Baykant Alagoz; Murat Akcin; Asim Kaygusuz; Abdulkerim Karabiber. 301 
A photovoltaic  system  model  for  Matlab/Simulink  simulations. 4th International Conference on 302 
Power Engineering, Energy and Electrical Drives. 2013; DOI: 10.1109/PowerEng.2013.6635863. 303 

36. Mohamed Ibrahim El-Sayed; Mohamed Abd-El-Hakeem Mohamed; Mohamed Hassan Osman. A 304 
Novel Parameter Estimation of a PV Model. 2016 IEEE 43rd Photovoltaic Specialists Conference 305 
(PVSC). 2016;DOI: 10.1109/PVSC.2016.7750220. 306 

37. Ehsan Moshksar; Teymoor Ghanbari. Adaptive  Estimation  Approach of Parameter   307 
Identification of Photovoltaic Modules. IEEE Journal of Photovoltaics. 2017;7(2);614-308 
623; DOI: 10.1109/JPHOTOV.2016.2633815 309 

38. Pallavi Bharadwaj; Kunal Narayan Chaudhury; Vinod John.  Sequential Optimization 310 
for PV Panel Parameter Estimation. IEEE Journal of Photovoltaics. 2016;6(5);1261-311 
1268; DOI: 10.1109/JPHOTOV.2016.2574128. 312 

39. Boscaino V; Cipriani G; Dio VDi; Miceli R; Capponi G. A simple and accurate model of 313 
photovoltaic modules for power system design. 2014;1-6; DOI: 10.1109/EVER.2014.6844088. 314 

40. Ayedh H; ALQahtani. A simplified and accurate photovoltaic module parameters extraction 315 
approach using matlab. 2012 IEEE International Symposium on Industrial Electronics. 316 
2012;1748-1753; DOI: 10.1109/ISIE.2012.6237355. 317 

41. Abdelhakim Belkaid; Jean-Paul Gaubert. Design and implementation of a high performance 318 
technique for tracking PV peak power. IET Renewable Power Generation Generation.  319 
2017;11(1);92 – 99;DOI: 10.1049/iet-rpg.2016.0023. 320 

42. Mendalek N; Al-Haddad K.  Photovoltaic system modeling and simulation. International 321 
Conference on Industrial Technology (ICIT). 2017;DOI: 10.1109/ICIT.2017.7915592. 322 



10 
 

43. Murtaza A ; Sher H ; Chiaberge M ; Boero D ; De Giuseppe M ; Addoweesh K. A Novel Hybrid 323 
MPPT Technique for Solar PV Applications Using Perturb & Observe and Fractional Open 324 
Circuit Voltage Techniques. Institute of Electrical and Electronics Engineers (IEEE). International 325 
Conference on Mechatronics. 2012; http://porto.polito.it/2519007/. 326 

44. El mentaly L; Abdellah A; Sahsah H. Comparison between HC, FOCV and TG MPPT algorithms 327 
for PV solar systems using buck converter.  Wireless Technologies, Embedded and Intelligent 328 
Systems (WITS). 2017; DOI: 10.1109/WITS.2017.7934609. 329 

45. Hari Priya T; Parimi Alivelu M; Rao UM.  Development of hybrid controller for photovoltaic 330 
based DC-DC boost converter in DC grid connected applications. International Conference on 331 
Circuit, Power and Computing Technologies (ICCPCT). 2017;1–6; 332 
DOI:10.1109/ICCPCT.2016.7530221. 333 

46. Labeeb K ; Shankar S ; Ramprabhakar J. Hybrid  MPPT  controller for accurate  and  quick  334 
tracking International Conference on Recent Trends in Electronics, Information & Commun-335 
ication Technology (RTEICT). 2016;1533 – 1537;DOI: 10.1109/RTEICT.2016.7808089. 336 

47. Sharma P; Sathans. Performance Analysis of a Stand-alone Hybrid Renewable Energy Power 337 
System- a Simulation Study. India Conference (INDICON). 2015; 1–6; 338 
DOI: 10.1109/INDICON.2015.7443674. 339 

 340 
 341 
 342 
 343 

 344 


