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Abstract- One way to enhance the effectiveness of photovoltaic (PV) fed water pumping applications is to maximize the solar PV 

energy by using a suitable design with accurate and fast maximum power point tracking (MPPT). This paper presents a new 

hybrid MPPT method to improve speed response and efficiency. The method is designed to control a simple standalone PV water 

pumping system-based single-stage brushless DC (BLDC) motor. A DC-DC converter is eliminated to improve system efficiency 

and reduce cost. In addition, a two-mode hybrid MPPT algorithm that incorporates the golden-section search (GSS) technique-

based MPPT algorithm with incremental conductance (INC) is implemented to enhance the global efficiency of the system. The 

GSS optimization method handles the initial stages to converge the global peak and helps to increase the convergence rate. In 

contrast, the INC MPPT method achieves sufficient accuracy with lower oscillation towards the MPPT during the final stages. 

The designed system is modelled, examined, and compared using traditional techniques in MATLAB/Simulink to evaluate the 

MPPT efficiency of the model. The results confirm that the proposed MPPT algorithm can successfully drive a 1150W BLDC 

motor with high tracking efficiency and reliability. The PV energy is transferred to the pump via a voltage source inverter (VSI) 

using the MPPT algorithm with a proportional-integral (PI) controller. As a result, the MPPT efficiency reached over 99%. 

Keywords Water pumping system, BLDC motor, hybrid MPPT, GSS. 

  

1. Introduction 

PV energy has been presented as a hopeful renewable 

energy source. Due to its benefits in environmental and 

economic terms [1], it is clean, sustainable and free source, 

has less maintenance and no noise. The PV panel converts 

solar energy instantly into electricity [2]. PV energy can be 

utilized in both standalone applications and grid-connected 

systems. Among these applications, a standalone PV water 

pump is an attractive application. It requires a suitable design 

for solar PV system structure and MPPT control. Using a 

water storage tank instead of batteries reduces costs and 

improves efficiency despite its control being more difficult to 

achieve [3]. Generally, a PV system employs power converter 

stages. Its single-stage topology has higher efficiency than the 

double-stage topology; however, it is more challenging to 

control. Additionally, its motor efficiency leads to reducing 

the number of solar PV panels required to generate operating 

power [4]. Permanent magnet motors have high efficiency. 

The BLDC motor has an adjustable speed by controlling the 

input DC voltage, which increases capacity and decreases the 

system size. Thus, it is a good option, especially in low-power 

applications [5]. 

The characteristics of each centrifugal water pump and the 

PV are the primary issues that need to be addressed to enhance 

system efficiency [3]. Different MPPT methods are designed 

to maximize the energy provided by PV arrays. Among the 

many MPPT methods, the perturb and observe (P&O) and 
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INC are widely employed to capture the maximum power 

point (MPP) [6-8]. These can offer several advantages without 

requiring any previous PV data, including accuracy, 

simplicity, and robustness, as well as a good response time. 

According to comparison studies, each of the P&O and INC 

approaches has a different strategy. The P&O has a high speed 

for tracking MPP with significant power oscillations at a 

steady state. It is prone to losing track accuracy if the weather 

changes rapidly. Although the INC MPPT method has high 

efficiency with medium tracking speed, its efficiency may be 

reduced under low-level irradiation [9].  

In PV applications, there are multiple methods to handle 

the situation of the partial shading condition in addition to the 

MPPT controller to extract the global MPP (GMPP) [10, 11]. 

Classical MPPT methods are faster than their metaheuristic 

counterparts, such as genetic algorithms, the grey wolf 

optimization, the cuckoo search, and the artificial bee colony. 

In contrast, the metaheuristic methods (random searching) are 

usually used to locate the GMPP [12, 13]. As a result, tracking 

the GMPP in the PV water pumping system improves overall 

operating efficiency [3, 14]. Furthermore, the hybrid MPPT 

method has been introduced to improve MPPT efficiency [12, 

15]. Therefore, some hybrid MPPT methods are presented that 

integrate the classical and metaheuristic methods to track the 

global MPP with resistive loads [12, 16]. 

This study presents a two-mode hybrid MPPT algorithm 

to control the VSI-supplied BLDC motor-driven water pump. 

The hybrid algorithm aims to converge the GMPP with high 

tracking efficiency by combining the GSS-MPPT optimization 

method and INC MPPT. The operating mechanism of the 

proposed hybrid algorithm modes depends on atmospheric 

changes and load conditions. The GSS-MPPT technique 

handles the initial stages to seek the global peak; it has a high 

convergence rate and it is robust. Once the MPP is achieved, 

the algorithm adopts the INC MPPT method. The algorithm 

mechanism restarts applying the GSS technique whenever it 

detects changes in weather conditions so as to extract the 

MPP. As a result, each mode assists the other in enhancing the 

control reliability and eliminating any adverse effects. The 

algorithm is designed to help acquire the GMPP and improve 

the MPPT efficiency and reliability of the system. Thus, the 

control can meet the requirements of motor drives to track the 

maximum power of both steady-state and dynamic weather 

conditions. The proposed hybrid algorithm is modelled and 

evaluated in MATLAB/Simulink and compared with the 

classical methods (P&O and INC). The MPPT efficiency and 

reliability test of the model are compared and presented. The 

results confirm that the proposed MPPT algorithm can 

successfully drive the motor with high tracking efficiency and 

a cost-effective system structure. 

2. Configuration of the Water-Pump System 

Fig. 1 shows the basic design of the PV pump system-

based BLDC motor with an MPPT control. A hybrid MPPT 

method is proposed to control the VSI and enhance efficiency 

and reliability in tracking the MPP. The MPPT approach 

generates the reference voltage, and the error signal feeds the 

PI controller to acquire the optimum pulse width modulation 

(PWM). A 1150W BLDC motor loads the VSI with the pump 

system. This motor has inbuilt hall sensors to provide the rotor 

position. The correct switching pattern of the PWM is required 

to drive the VSI switches successfully. 
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Fig. 1.  Water pumping system with the proposed controller 

The GSS-INC hybrid-MPPT controller operating principle 

depends on the limitation value of the PV power change to 

determine which control mode will be adopted. Mode I 

utilizes the beneficial features of the GSS-MPPT optimization 

method, whereas mode II utilizes the features of the INC 

MPPT approach during the final stages. This hybrid algorithm 

extracts the MPP with high tracking efficiency and simplicity 

via the MPPT control.  

2.1. PV Solar Module 

In PV applications, power tracking is necessary to 

enhance system efficiency [17]. Increasing the PV efficiency 

leads to an increase in system efficiency [4, 18]. This 

improvement can be achieved by using the MPPT algorithm, 

whereas the PV energy is based on available sunlight and 

temperature. The MPP is a unique operating point on the 

power-voltage (P-V) curve that requires tracking [9]. This 

study presents a simple hybrid MPPT method that utilizes 

instant PV voltage 𝑣(𝑡) and current 𝑖(𝑡) to control the water 

pumping system. Operating the PV system at an optimal 

voltage 𝑣𝑀𝑃𝑃 value requires the optimum PWM duty ratio. 

This system utilizes low-power PV array strings, using six PV 

panels (Soltech 1STH-215-P PV). 

2.2. Power Inverter Module 

According to the maximum power transfer theory, load 

matching is required to transfer the total PV energy [6]. In PV 
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systems, it may achieve by generating the reference voltage, 

which controls the PWM duty ratio of the inverter using the 

MPPT method. An efficient PV water pump requires a 

suitable design for the solar PV system structure and MPPT 

control. Therefore, a single-stage converter with a robust 

hybrid MPPT controller is applied to enhance system 

performance. Additionally, trapezoidal control is used to drive 

the BLDC motor, operating at a 5kHz switching frequency. 

2.3. BLDC Motor Model 

A three-phase brushless DC motor is utilized to rotate the 

pump. It has inbuilt Hall effect sensors to provide feedback 

signals of rotor position. By the commutation, a back electro-

motive force (EMF) is generated in the stator windings. The 

electromagnetic power (Pe) results from multiplying the 

currents and EMFs, as follows [4]: 

Pe = iaea +  ibeb +  icec                                     (1) 

When the losses are ignored, 𝑃𝑒 can be considered to be [4]: 

Pe = τeωm                                                      (2) 

where τe (Nm) is the electromagnetic torque and ωm (rad/s) 
is the rotor speed. 

2.4. Water Pump Model 

Water pumps are categorized as submersible, surface, and 

floating pumps according to place of use [3]. The amount of 

water flowing through a pump is proportional to the speed and 

torque of the motor although this torque is related to the 

quadratic speed (in rad/s) [3, 4]. 

τe = Kωm
2                                                        (3) 

Here, 𝐾 is the positive constant that is calculated thus [3, 4]: 

K =
τe 

ωm
2

                                                         (4) 

3. Proposed Hybrid MPPT Controller 

This work presents the development of a new GSS-INC 

hybrid-MPPT as a fast, accurate, and reliable control to assist 

in getting the GMPP and improving MPPT efficiency. In 

addition, applying a single-stage converter for the PV water 

pump improves overall operating efficiency. The proposed 

hybrid-MPPT scheme has two modes as shown in Fig. 2. This 

design aims to acquire the GMPP and improve efficiency by 

merging the advantages of the GSS-based MPPT and the INC 

MPPT. Furthermore, the scheme presents these techniques 

separately to enhance control reliability. The controller block 

can quickly recognize changes in weather conditions to adopt 

its operation mode. The proposed MPPT algorithm decides 

and implements the operation mode of the system according to 

the actual PV power variation step. A quick response can be 

generated by using the variation of the power value. 

Start
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|dP| > Limit
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GSS-MPPT algorithm INC MPPT algorithm
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Fig. 2.  The proposed hybrid MPPT method 

The operation modes depend on atmospheric changes and 

load conditions. If the weather condition changes, mode I is 

adopted. Once the MPP is achieved, the algorithm adopts 

mode II. As a result, mode I handles the initial stages of 

searching for the global peak, thereby helping to increase the 

convergence rate. In contrast, mode II achieves an efficiency 

feature of the INC MPPT approach. Moreover, each mode 

assists the other in enhancing the control reliability and in 

eliminating any adverse effects. Therefore, the algorithm can 

meet the requirements of the motor drives to harvest the MPP 

of steady-state and dynamic weather conditions. 

3.1. Golden-Section Search Technique 

The American Jack Kiefer was the first to utilize the GSS 

optimization method to extract the maximum or minimum 

value of functions within a specified search range. This 

technique is utilized to support different algorithms in many 

applications [19] . The golden ratio of a segment length is [20]: 

1

L
=  

L

1 − L
 ,                   0 < L < 1                       (5) 

Solving this equation is the golden ratio (GR) of 

(√5 − 1) 2⁄ . The search step size of the golden-section search 

strategy depends on this ratio. Additionally, multiplying the 

golden ratio may be used to improve system performance [20]. 

Although the GSS technique extracts the GMPP and improves 

the convergence rate [3, 21], its operation mechanism also 

ensures that the voltage values spread out from each other in 

tracking the MPP. This technique is robust and noise-resistive 

because it contains no derivatives. Moreover, it has excellent 

tolerance for measurement errors of power ripple issued by the 

switching mode inverter [19, 22]. 

3.2. Principle of the Hybrid MPPT Controller  

In the presented hybrid algorithm, the instant PV voltage 

𝑣(𝑡) and current 𝑖(𝑡) values are measured and the instant 

actual power is calculated. The absolute value of instant actual 

power p(t) compared to previous power 𝑝(𝑡 − 1) is presented 

as |dP|, which depends on atmospheric conditions. According 
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to this comparison, if |dP| is greater than the limited value of 

the power oscillation, the GSS-MPPT optimization method 

(Mode I) control is employed. Otherwise, the INC MPPT 

method (Mode II) control is adopted during or near the MPP. 

Therefore, the operating mechanism of the algorithm modes 

depends on the modified limit value of |dP| to determine 

which mode will be adopted. The limit is estimated relying on 

the rate of the PV power change around the MPP. Once the 

power oscillations are within this limit, the algorithm switches 

to mode II, and then waits for the increment of the |dP| value 

to initiate mode I again. Fig. 3 shows the operation regions of 

the presented hybrid method on the PV power characteristic. 
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Fig. 3.  Operation regions of the hybrid MPPT method 

It can be observed that the operating principle of the 

modes depends on the power slope. The power slope (dP dV)⁄  

in the region of mode II is nearly zero, so the rate of the PV 

power change |dP| is low, whereas the rate of the power 

change in the region of mode I is higher than the rate of the 

power change in the region of mode II. Therefore, the power 

limitation can be modified using instant actual PV power 

change to determine the suitable operation mode. This limit 

ensures that mode I is activated during transients and varying 

irradiance, and mode II is activated during steady-state power 

tracking. A detailed flowchart of the proposed hybrid MPPT 

method is shown in Fig. 4. In this algorithm, mode I works at 

the onset and if dynamic atmospheric conditions are detected 

with high-speed tracking. Once steady-state power is 

achieved, mode II will automatically engage with a small step 

size value to avoid power oscillations for maximize efficiency. 

If the weather condition changes, it will handle mode I again 

until a steady-state of power is accomplished. 

A. Operation of Mode I 

In Fig. 4, the mode I (GSS-MPPT) flowchart is shown. 

Mode I is adopted whenever the instant value of |dP| is greater 

than the PV power limitation. Hence, mode I estimates the 

initial MPP at two conditions, firstly while the system starts up 

and then while a dynamic weather condition is recognized. 

This mode generates the reference voltage in dynamic weather 

conditions by using a rapid tracking feature of the GSS-MPPT 

technique. In search space optimization, the GSS strategy 

generates two points that divide the search interval [a, b] into 

three sections. Therefore, the two values of reference voltage 

are given such that [21]: 

v1 = a + 0.618 (b − a)                                       (6) 

v2 = b − 0.618 (b − a)                                       (7) 

The power values (P1 , P2) of these voltages are measured 

as in Fig. 4. Then according to the comparison, if P1 is greater 

than P2, the algorithm eliminates all voltage points that are less 

than v2 (v < v2); if P2 is greater than P1, it eliminates all 

voltage points that are greater than v1 (v > v1). This process 

reverts again to shrink the desired tolerance (ɛ) and define the 

stop iterative. As a result, some iterative processes are 

required to seek the global MPP in a particular domain of the 

PV power-voltage curve. Once the maximum power is 

achieved, the algorithm switches to mode II, then waits for the 

value increment of |dP| to initiate mode I again to find the 

MPP.  

B. Operation of Mode II 

Finally, mode II is used to verify the MPP by detecting 

and tracking the movement of the MPP at the power steady-

state. Therefore, whenever the instant value of |dP| is within 

the PV power limitation, the algorithm switches to mode II to 

work in the final stages. This forces the system to have a fast 

and accurate track of the MPP with reduced oscillations. As it 

is known, the INC MPPT method is an accurate way to track 

the MPP where the power slope is zero (dP dV = 0)⁄ . As a 

result, mode II generates the reference voltage using the 

efficiency feature of the INC MPPT method with a small step 

size; therefore, oscillations of the PV voltage and power will 

be reasonably low. In contrast, the PI controller keeps the 

reference voltage constant when optimum power is achieved, 

and the system is forced to track the MPP if there is no change 

in the weather. If mode II recognizes that the optimum power 

has been lost, mode I will operate again to seek the global 

MPP. Therefore, if one of the modes fails to track the MPP, 

the other mode will operate to track it instead in order to 

enhance the control reliability and eliminate any adverse 

effects. The algorithm holds the PV water pumping system 

operating at the global optimum power. 
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Fig. 4.  Detailed flowchart of the proposed hybrid MPPT algorithm with INC and GSS

4. Modelling and Simulation  

The presented PV pump system-based BLDC motor with 

an MPPT controller is modelled in MATLAB/Simulink. The 

model contains six PV panels that are connected in three 

parallel branch strings. The specification of the PV panel is 

selected to be PV power 𝑝(𝑡), voltage 𝑣(𝑡) and current 𝑖(𝑡) 

respectively being 213.15 W, 29 V and 7.35 A at the MPP. As 

a result, the PV panels capacity of the proposed system is 

1279 W and its voltage rate is 58 V under standard conditions 

(1000 W/m2, 25°C). The PV array feeds a 1150W BLDC 

motor through the VSI crossing a DC link capacitor. This 

motor is loaded using the water-pump model. Three Hall 

sensors generate Hall signals to provide the correct switching 

pattern. On the other hand, the algorithm generates an 

optimum value of the reference voltage to compare with the 

actual PV voltage. Then the error signal feeds the PI controller 

to give the control signal (duty cycle), which, for reasons of 

safety, is limited between 0.2 and 1.0. As a result, the PWM 

signals are generated sequentially to control VSI switches (S1 

to S6). The PV solar water-pump system model is examined at 

three irradiation levels of 300 W/m2, 500 W/m2, and 1000 

W/m2 at a temperature of 25°C. Fig. 5 shows the power-

voltage curve of the solar PV panels under three irradiation 

levels showing the PV optimum values of the voltage VMPP 

and maximum power PMPP. The MPPT efficiency of the GSS-

INC hybrid algorithm is evaluated and compared with both 

classical methods, the P&O and INC methods. 

 

Fig. 5.  P-V curve of tested irradiances 

5. Results and Discussion 

The characteristics of each water pump and the solar PV 

are the challenges to control, especially when using a single-

stage converter. Therefore, it requires a robust MPPT control 

to extract the GMPP and achieve high tracking efficiency. The 

model is designed, and the MPP tracking effectiveness is 

compared with both classical methods (P&O and INC) to 

verify the efficiency of the enhancement. The MPPT 
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efficiency of the model is evaluated. Finally, the output power 

tracking of the system with rapidly changing irradiance levels 

is tested. The results confirm that the GSS-INC hybrid can 

successfully drive the motor-pump in steady and dynamic 

atmospheric conditions with high tracking efficiency. 

A. Comparison with INC MPPT 

The designed model is examined using (hybrid and INC) 

MPPT controllers to track the MPP for different irradiance 

levels. Fig. 6 illustrates the result of the output power tracking 

using the proposed method and the tracked power with the 

INC MPPT method compared to the reference power. The 

green line is the PV reference power PMPP , and the red line the 

PV output power with the hybrid MPPT controller. In contrast, 

the black line is the tracked PV power with the INC approach. 

It can be observed that they are completely identical to what is 

illustrated in Fig. 6.  

 

Fig. 6.  Power tracking with the hybrid and INC MPPT 

The result illustrates the high MPP tracking efficiency of 

the system using the MPPT controller, which can successfully 

drive a 1150W BLDC motor.  

Fig.7 shows the starting response of the tracked PV power 

with (hybrid and INC) MPPT controllers at irradiation levels 

of 300 W/m2. The result indicates that the optimum power is 

reached in 33 ms or less after starting up with the GSS-INC 

hybrid MPPT controller. Moreover, the output power tracking 

result confirms that it can quickly track the MPP under rapid 

atmospheric changes. In contrast, the result indicates that the 

system reaches the stable maximum power in approximately 

43 ms after starting up with the INC MPPT controller. 

 

Fig. 7.  Starting response of the tracked PV power 

The result of the tracked PV power oscillations of the 

system with (hybrid and INC) MPPT controllers are shown in 

Fig. 8. The result shows that the power oscillation of the 

system with the proposed method is around the MPP (647.6 −
648.1 W) in the steady-state regime at irradiation levels of 

500 W/m2. As a result, the power oscillation of transient and 

steady states is reasonably low due to the beneficial feature of 

the INC MPPT approach with a small step size. In contrast, 

the result shows that the power oscillation of the system with 

the classical INC MPPT is around the MPP (646.5 −
648.1 W). 

 

Fig. 8.  Zoom of steady-state power oscillations at (500 W/m2) 

B. Comparison with P&O MPPT 

The designed model is examined using (hybrid and P&O) 

MPPT controllers to track the PMPP for different irradiance 

levels. The Fig. 9 shows the output power results for the 

proposed algorithm and the conventional P&O method. The 

green line is the PV reference power PMPP, and the red line the 

PV output power with the hybrid MPPT controller. In contrast, 

the blue line is the tracked power with the P&O MPPT.  

 

Fig. 9.  Power tracking with the hybrid and P&O MPPT 

Fig.10 shows the starting response of the tracked PV 

power with (hybrid and P&O) MPPT controls at irradiation 

levels of 300 W/m2. The result indicates that the system 

reaches the stable maximum power in approximately 43 ms 

after starting up with the P&O MPPT controller. 

 

Fig. 10. Starting response of the tracked PV power 
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The power oscillations of the system with (hybrid and 

P&O) MPPT controls are shown in Fig. 11. The result shows 

that the power oscillation of the system with the P&O MPPT 

is around the MPP (645.5 − 648.1 W) in the steady-state 

regime at irradiation levels of 500 W/m2. The steady-state 

oscillation is primarily affected due to the mechanism of the 

control method and step size.  

 

Fig. 11. Zoom of steady-state power oscillation at (500 W/m2) 

The obtained results verify that the power tracking of the 
water pumping system with the MPPT controls being used 
(hybrid, INC, and P&O) can successfully track the PMPP for 
different irradiance levels. The proposed algorithm has high 
tracking efficiency and reliability, which means robust control 
of the PV water pumping system-based BLDC motor loaded 
VSI. 

C. System  Response with MPPTs 

Fig. 12 shows the motor speed response following the 

hybrid, INC and P&O methods at three irradiance levels.  

 

Fig. 12. Motor speed response at three irradiance levels  

It can be observed that the speed response is adapted 

smoothly according to the irradiance level in order to hold the 

PV pump system at its optimum power. The result illustrates 

that the motor exhibits an excellent speed response, and the 

pump operates within a suitable range of speed under different 

irradiance levels. The pump-speed level exceeds 1600 rpm 

and the irradiance is 300 W/m2 under 25 °C.  

The pump load response with (hybrid, INC, and P&O) 

MPPT controls at three irradiance levels is shown in Fig. 13. 

The pump model is used to load the BLDC motor. This load 

TL (in Nm) is proportional to the square of the motor 

speed ωm (in rad/s). 

 

Fig. 13. Pump load response at three irradiance levels 

Finally, Fig. 14 shows the generated reference voltage vref 

using the hybrid MPPT algorithm at three irradiance levels 

(300, 500, and 1000 W/m2) sequentially. Comparing this 

reference voltage and the actual PV voltage gives an error. 

This error signal supplies the PI controller the necessary 

information to determine the optimum PWM duty cycle which 

forces the water pumping system to operate at the MPP. 

 

Fig. 14. Generated voltage by the proposed algorithm 

The results show that the GSS-INC algorithm updates the 

reference voltage when there is a change in irradiance level. It 

can be observed that the generated voltage vref corresponds to 

the optimum voltage vMPP (58.23 V, 58.67 V, and 58.00 V) of 

the PV array, as shown in Fig. 5. Furthermore, the result of the 

simulation confirms that the convergence rate of the GSS 

method is high in each computational iteration reducing the 

search time. In comparison, it reduces the search interval by 

38.2% instead of the fixed step size. A further advantage is 

that its mechanism searches within the overall specified search 

interval (left and right of the MPP) helps to find the global 

MPP with low computation. Since the GSS technique depends 

on search optimization, extracting and maintaining the GMPP 

is anticipated. 

D. Hybrid MPPT Efficiency 

The proposed hybrid MPPT efficiency (ηMPPT) can be 

evaluated using the following equation [9]: 

ηMPPT =
Pout

PMPP
 ×  100 %                                  (8) 

Here, PMPP  is the theoretical power of the PV modules 

(reference power) and Pout is the PV output power. Pout is 

evaluated using the actual PV voltage 𝑣(𝑡) and current 𝑖(𝑡). 
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Table 1. Hybrid MPPT efficiency under different irradiances  

S (W/m2) PMPP (W) Pout (W) ηMPPT (%) 

100 124.1 123.4 99.44  

200 254.8 253.4 99.45 

300 386.3 384.5 99.53  

400 517.6 515.0 99.50 

500 647.9 644.7 99.51 

600 777 772.7 99.45 

700 904.7 900.3 99.51 

800 1031 1025 99.42 

900 1155 1150 99.57  

1000 1279 1271 99.37 

 

The results confirm that the GSS-INC MPPT algorithm 

has high tracking efficiency. It offers a number of advantages, 

including accuracy, simplicity, robustness, and high reliability 

of the algorithm. It can also be observed that the power 

tracking efficiency ηMPPT exceeds 99%. 

E. Reliability Test of Hybrid MPPT Controller  

Here, the model is tested in rapidly changing irradiation 

levels (200, 300, 500, 700, and 1,000 W/m2) under a 

temperature of 25°C. The irradiation levels are selected to 

simulate and include shading in the worst case of solar 

radiation reduction to verify the efficiency of the GSS-INC 

algorithm. Fig. 15 shows the power tracking of the system 

with the GSS-INC MPPT control to prove its reliability in 

rapidly changing weather conditions. 

 

Fig. 15. Power tracking of the system with rapidly changing 

irradiance levels 

In Fig. 15, the green line represents the reference power of 

the PV modules and the red line represents the output power 

with the hybrid MPPT controller. The obtained results confirm 

that the PV water pump system with the GSS-INC MPPT 

algorithm enhances the global efficiency of the system and its 

reliability. The results verify that the algorithm is a robust 

control for the single-stage PV-supplied water pump. 

6. Conclusion 

This paper presents an efficient and reliable PV water 
pumping system based BLDC motor controller by a novel 
hybrid MPPT algorithm. The hybrid MPPT design aims to 
combine the features of the GSS-based MPPT strategy and 
INC MPPT algorithm. The power limitation is modified to 
ensure that the algorithm extracts the MPP of both steady-state 
and dynamic weather conditions. Therefore, the algorithm 
applies the GSS technique whenever the controller recognizes 
that weather conditions change. Moreover, each mode supports 
the other to enhance the control reliability and eliminate any 
adverse effects. The algorithm yields high MPP tracking 
efficiency and low power oscillations. The proposed hybrid 
MPPT design concept may be used to incorporate other MPPT 
method features. The designed system has been implemented 
in MATLAB/Simulink and compared with conventional P&O 
and INC approaches. Simulation results illustrate that the 
designed model with the proposed hybrid MPPT control can 
successfully drive a 1150W BLDC motor. The proposed 
system can reach the maximum power in 33 ms or less after 
starting, reaching the MPP more quickly under rapid 
atmospheric changes. The power tracking oscillation found 
approximately 0.5W in the steady state regime. The hybrid 
MPPT efficiency is obtained over 99%. 
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