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Abstract: - This paper describes the implementation of a renewable energy system that operates independently. 
It comprises a photovoltaic generator (PV) that supplies power to a solar pumping system, driven by a 
permanent magnet direct current motor (PMDC) via a DC-DC Buck converter. Consequently, the objective is 
to maintain steady operation with continuous power supply despite changes in two environmental parameters, 
including solar irradiation and absolute temperature. The maximal power extraction of the PV panel using the 
usual perturbation and observation (P&O) technique achieves this objective. This method must provide 
appropriate duty cycle control for the DC-DC buck converter when the user-selected Fixed-Step Size (FSS) is 
used, unfortunately, selecting an insufficient fixed-step size led to a power ripple issue with the PV panel. 
Incorporating a new Variable Step-Size (VSS) into the traditional P&O algorithm shows the occurrence of the 
enhanced P&O-MPPT control approach. The proposed technique is validated by utilizing the PROTEUS/ISIS 
software. For various climatic situations, the results demonstrate that the proposed control technique is 
preferable to the one based on the standard P&O-MPPT. 
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1  Introduction 
As Algeria is a developing nation, water supply and 
accessibility in various locations are hampered by 

the presence of numerous rural areas and variable 
weather conditions. In such situations, a solar water 
pumping system is an excellent alternative for 
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irrigation and other daily tasks, [1] , as it is highly 
reliable, requires less maintenance, and is simple to 
build, [2]. 

Renewable energies are ecologically and 
environmentally clean, unlike hydrocarbon fuels 
(oil, gas, and coal), making them the focus of social 
and industrial sectors, [3]. Solar photovoltaics, one 
of the renewable energies, are abundant on the 
planet's surface, simple to convert to direct power, 
adaptable, and do not require sophisticated 
mechanical parts that create noise during 
production, [4], [5]. To increase the performance of 
such systems, the Maximum PowerPoint Approach 
(MPPT), a control technique, must be implemented. 
The MPPT can monitor the MPP online despite 
changes in irradiance and temperature, [6], [7]. 
Numerous optimal tactics are implemented to 
enhance the performance of water pumping systems, 
among which the P&O control is the most prevalent. 
However, its effectiveness is modest, and its 
oscillations around the MPP are significant, [8]. 

Several solutions are implemented to facilitate 
the investigation of water pumping from the primary 
hand pump to high-efficiency electric pumps with 
less effort and energy. Diesel pumping is 
extensively investigated in remote locations without 
access to the electrical grid. However, this technique 
demands an expensive and environmentally 
damaging fuel supply. Consequently, several users 
have integrated PV energy for water pumping, [9], 
[10]. As with any system that utilizes solar 
radiation, the system's performance depends on 
weather conditions, seasonal fluctuations, [11], 
thermal qualities, module material attributes, and 
mounting structure, [12] . 

Employing high-efficiency power trackers 
designed to harvest the most power feasible from 
the PV module can reduce the total system cost, 
[13], [14]. Numerous approaches for MPPTs have 
been consistently developed and enhanced. These 
techniques include perturb and observe (P&O) [15] , 
incremental conductance [16], hill climbing [17], 
[18], fractional open-circuit voltage, fractional 
short-circuit current, neural network, fuzzy logic 
control [19], [20] and genetic algorithms [21], [22]. 
These methods vary regarding the number of 
sensors necessary, their complexity cost, and their 
efficiency level, wobbling about the MPP, 
convergence speed, and rectifying tracking route 
when irradiance and temperature change. 

In this context, the classic P&O approach (with 
fixed step size) is routinely employed in PV field 
applications, [7], [23], [24] because of its ease of 
implementation. The latter is determined by 
perturbing the PV output voltage and watching the 

resulting change in PV array power. This one 
analyses the effect of a perturbation in the PV 
output voltage on the PV array's power, [25], [26]. 
Multiple sensors are required for measuring the PV 
current and voltage. In addition to failing the peak 
power test, [27], [28], it exhibits instability in the 
steady-state regime, making it less precise and 
potentially causing energy loss when there are 
frequent and rapid variations in light. A small step 
size may be selected to prevent oscillations, even 
though this decision leads to a lengthy response 
time, [29]. Therefore, when selecting the increment, 
a trade-off between tracking speed and accuracy is 
evaluated, [30]. Several studies suggest VSS P&O 
algorithms, which are variants of the step size of the 
P&O technique, [31], to address the concerns 
mentioned above. In addition, a feedback PI 
controller is employed to reduce the difference 
between the reference and actual torque speed when 
these techniques are supported by speed control. 
Our work aims to describe the design characteristics 
of a PMDC motor based on a photovoltaic pumping 
system using Proteus/Isis software. Additionally, 
this paper proposes a modified P&O MPPT 
algorithm to address the shortcomings of the 
standard P&O method when operating under 
varying weather conditions, thereby significantly 
improving the accuracy of the control system. 
Furthermore, the performance of the entire 
photovoltaic power system was enhanced by 
controlling the physical parameters, such as motor 
speed. 

 
 

2  Connection Layout System 
Figure 1 depicts the connection layout of the 
analyzed system. The modified water pumping 
system includes a DC-DC buck converter fed by a 
PV source, an MPPT-controlled PMDC motor, and 
a PWM switching mechanism. It is noteworthy that 
the MPPT controller is implemented on an Arduino 
board, which controls the buck converter and tracks 
the MPP using current and voltage data. The 
resulting power, current, and voltage of the 
photovoltaic panel are presented on the LCD screen. 
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Fig. 1: Simplified diagram of the global system 
 
2.1  PMDC Motor Model 
The permanent magnet DC motor (PMDC motor) 
has been modeled in terms of both torque and rotor 
angle, [32], [33]. The PMDC motor model is 
developed using Proteus/ISIS software, as illustrated 
in Figure 2. The characteristic equations of a PMDC 
motor can be expressed as: 

𝑉 = 𝑅𝑎𝐼𝑎 + 𝐿𝑎
𝑑𝐼𝑎

𝑑𝑡
+ 𝑒                              (1) 

 
𝑒 = 𝐾𝑒𝑤𝑚                                           (2) 

 

𝑇𝑒 = 𝐾𝑡𝐼𝑎 = 𝐽
𝑑𝑤𝑚

𝑑𝑡
+ 𝐵𝑚𝑤𝑚 + 𝑇𝐿                  (3) 

 
Where J denotes the moment of inertia, 𝐵𝑚 is the 

friction torque factor, and 𝑇𝐿 and 𝑇𝑒 represent the 
load and electromagnetic torques, respectively. The 
model, however, is constructed using Equations (1), 
(2), and (3). Additionally, the PMDC motor block 
can be consolidated into a single block through 
simulation with the Proteus/Isis software. 

 
Fig. 2: Model of PMDC motor 
 
2.2  Centrifugal Pump 
Compared to other electric motors, a permanent 
magnet direct current (PMDC) motor is linked to a 
centrifugal pump and requires a comparatively small 
starting torque, [34]. The centrifugal pump’s load 
torque is determined by:  

𝑇𝐿 = 𝐴𝑙𝐾𝑙𝜔𝑚
1.8                       (4) 

 
Equation (4) has been implemented in Proteus to 
recreate the centrifugal pump. The modeling of a 
centrifugal pump is depicted in Figure 3. The pump 

is a subsystem with a single input and output 
terminal; 𝜔𝑚

  is the input motor speed, and 𝑇𝐿 is the 
output torque. Table 1 lists the technical parameters 
utilized in modeling the motor pump system.  
 

Table 1. Parameters of PMDC motor, and Load 
pump data 

Data of DC PM motor 

  Voltage (Va) (rated) 160 V 
Current (I a) (rated) 9.5 A 

Speed (ω) (rated) 220 (rad .sec− 1) 

Resistance of armature (Ra) 0.15e-2 c 
Inductance of armature (La) 0.2 H 
Voltage constant (K e) 6.7609e-1 V/  (rad.sec-1) 

Torque constant (KT ) 6.7609e-1 N.m.A-1 

Motor friction  (Am) 0.2 N m 
Load pump   data 

Inertia moment (J) 2.365e-2 K g.m2 

Viscous Friction factor (B) 2.387e-3 N.m/(rad.sec-1) 

Load torque constant (Ke) 3.9e-4 N.m/(rad.sec-1) 

Friction of load (Al) 0.3 N.m 

 

2.3  Modeling the PV Panel Generator 
This model is developed using mathematical 
formulae drawn from the equivalent circuit of a 
solar panel, [35], [36]. It consists of a photocurrent 
source, diode, shunt, and series resistors. This model 
is connected to an Arduino MEGA Board via 
sensors of current and voltage to maximize the 
power of the photovoltaic generator, [37]. Figure 4 
depicts the PV model's implementation in Proteus.   
The sensitivity of an Arduino-based control circuit 
in Maximum Power Point Tracking (MPPT) is 
critical for accurately and swiftly tracking the 
maximum power point (MPP) of a photovoltaic 
(PV) panel amidst changing environmental 
conditions. This sensitivity is influenced by several 
factors, including the resolution of sensors and 
Analog-to-Digital Converters (ADCs), as well as the 
effectiveness of the control algorithm. Higher 
resolutions in sensors and ADCs enable the 
detection of small changes in voltage and current, 
while a well-designed control algorithm promptly 
adjusts circuit parameters to track the MPP 
effectively. To enhance sensitivity, one can choose 
high-resolution sensors and ADCs, optimize control 
algorithms, or even consider using dedicated MPPT 
Integrated Circuits (ICs). Sensitivity is crucial in 
MPPT systems to ensure the PV panel consistently 
operates at its MPP, maximizing power output. This 
is particularly important in applications facing 
fluctuating environmental conditions, such as solar 
tracking or off-grid systems. 

DC/DC 

PMDC

CPU

Main control unit

T,G

Ipv, 
Vpv

Idc, 
Vdc

w

Supervision
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Fig. 3: Model of centrifugal pump 

 

 
Fig. 4: Photovoltaic panel (Equivalent circuit) 
 

A photovoltaic panel output current may be 
calculated using this model, as shown below, [35], 
[38]: 
 
𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑑 − 𝐼𝑠ℎ = 𝐼𝑝ℎ𝑁𝑝 −

𝑁𝑝𝐼𝑠𝑑(𝑒
(

𝑉𝑝𝑣+𝑅𝑠𝐼𝑝𝑣

𝑛1𝑉𝑡ℎ𝑁𝑠
)

− 1) − 𝑁𝑝
𝑉𝑝𝑣+𝑅𝑠𝐼𝑝𝑣

𝑁𝑠𝑅𝑠ℎ
 

        (5) 
 

𝐼𝑝ℎ = (𝐼𝑠𝑐 + 𝑘𝑖(𝑇 − 293.15))(
𝐺

1000
)            (6) 

 

 𝐼𝑠𝑑 =
𝐼𝑠𝑐+𝑘𝑖(𝑇−293.15)

𝑒
(
𝑞(𝑉𝑜𝑐+𝐾𝑣)(𝑇−293.15)

𝛼𝐾𝑇𝑁𝑠
)
−1

               (7) 

 
Where Ipv, Iph, Ish, Id, and Isd denote the currents 
of: output, PV panel, shunt resistor, diode, and 
diode’s reverse saturation, respectively, and Vpv is 
the output voltage. The manufacturer-supplied 
technical characteristics of the PV panel are listed in 
Table 2. A PV array is constructed by connecting 
four PV modules in series with two modules in 
parallel. The Ppv (Vpv) properties for various 
environmental inputs have been examined. Figure 
(5a) illustrates the Ppv (Vpv) curves for solar 
radiation ranging from 500 to 800 W/m² at a 
constant 25°C. Figure (5b) depicts the Ppv (Vpv) 
curves for temperatures ranging from 20 to 40°C 
and constant solar radiation of 1 kW/m². 
 

 
(a) Variable temperature  

 
(b) Variable radiation  

Fig. 5: Ppv (VPV) curves of the simulated module 
 

Table 2. Technical data of the Canadian Solar 
CS6X-240P PV panel 

Cell Type  Monocrystalline 
silicon 

 

 

Rated Power Pmax 240W 
The voltage at Maximum 

Power 

Vpm 40.5 V 

Current at Maximum 

Power 

Ipm 5.93 A 

Open Circuit Voltage Vco 49.2 V 
Short-Circuit Current Icc 6.38 A 
Module Efficiency  n 16.2 % 

 
Temperature factor (open-

circuit voltage) 

Kv -0.36901 
mV/◦C 

Temperature factor (short-

circuit current) 

Ki 0.086998 
mV/◦C 

NOCT  

 

45 ± 2 °C 

Dimensions  

 

1640 x 992 x 
40 

         mm 

Weight  

 

19.5  kg 

Number of Cells Ncell 72 
 

A PV array is designed by connecting 4 PV 
modules in series and 2 modules in parallel. 
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2.4  Model of the Buck Converter  
The Buck converter, as seen in Figure 6, is a DC-to-
DC step-down converter. The adapter converter has 
been included in the proposed study because it has 
corresponding connection points on the adapter for 
increased lift, [39]. The duty cycle for the Buck 
converter is set at 100% conversion, a feature not 
achievable when using the boost converter. 
 

 
Fig. 6: DC-DC Buck Converter 

 
The bidirectional converter runs in Buck mode 

when the switch Q1 and the diode D1 are 
conducting. In this circumstance, the battery is 
charged while the inductor current iL is negative. 

The differential system models the buck mode 
converter mathematically. 

{
𝑑𝑖𝐿1

𝑑𝑡
= −

𝑢1

𝐿1
𝑉𝑑𝑐 +

𝑉𝑝𝑚𝑑𝑐

𝐿1
−

𝑅

𝐿1
𝑖𝐿1

𝑖𝑝𝑚𝑑𝑐 = 𝑢1𝑖𝐿1

           (8) 

 
With u1 = 1 if Q1 is closed and 0 otherwise. 
 

2.5 Conventional Perturb and Observe 

MPPT Method 
PV systems are recognized for their low efficiency 
and nonlinear nature, [40]. Additionally, PVs have a 
unique maximum power point (MPP). Due to the 
disadvantages mentioned above, monitoring the PV 
array's MPP is essential. Several MPPT strategies, 
such as Perturb and Observe (P&O) methods, [24], 
[41], [42], hill-climbing, and incremental 
conductance, [43], [44], [45], have been examined 
in the open literature. P&O with a constant step size 
has a basic structure and is easy to implement; 
hence, it is recognized among the most popular 
MPPT algorithms. Its central concept is based on 
the zero dP/dV values at the peak of the power-
voltage curve. The P&O operates by perturbing 
(decreasing or increasing) the current or voltage of 
the PV array based on a comparison between the 
actual output power P(n) and that of the preceding 
perturbation P(n-1). Figure 7 depicts the 
recommended algorithmic flowchart for tracking the 
MPP. In this algorithm, the P&O method is utilized. 
First, the current and voltage of the solar generator 
are measured. Then, the output power of the solar 
generator may be determined. At time k, the 

photovoltaic power and voltage are compared to 
their values at time k-1. Lastly, the MPPT technique 
can be used to find the system reference speed that 
corresponds to output power maximization. 

 

 
Fig.7: Flowcharts of standard P&O methods 

 
2.6  Proposed Approach 
This section will discuss the proposed supervision 
scheme for the solar pumping system. Any silicon 
device, such as a CPU or digital signal processor, 
can monitor the PV panel depicted in Proteus 
software, [46]. The combination of Arduino MEGA 
and ISIS Proteus software creates a compatible and 
effective photovoltaic pumping system. Figure 8 
demonstrates that this system is also feasible in 
actual installations. Additionally, the control block 
is implemented in MATLAB/Simulink. PV 
electrical values are computed to determine PV 
characteristics (such as current and voltage). The 
control block serves as the system's backbone, 
primarily consisting of the Arduino MEGA board 
on which various MPPTs are implemented (P&O 
with fixed and variable step sizes). 

The Arduino board is used to calculate the 
proper duty cycle, which is then sent to the 
MOSFET of the buck converter for control. In 
addition, the LCD screen is utilized to display 
electrical parameters for PV monitoring. 

 
Fig. 8: Arduino-based control unit structure 

Start

Data acquisition

Ipv (k),Vpv(k)

Ppv(k)=Vpv(k)*Ipv(k)

ref=ref-wref

ref=ref+wref

ref=ref+wref

ref=ref-wref

Stop

Yes Yes

Yes

No

No

No

Ppv(k)>Ppv(k-1)

Vpv(k)>Vpv(k-1) Vpv(k)>Vpv(k-1)
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2.7 Interfacing Arduino Mega2560 with 

MATLAB/ Simulink 
Integrated Development Environment (IDE) is the 
essential programming software for the Arduino kit. 
IDE allows users to write programs, known as 
"Sketches," compile them, and then send them over 
USB to the Arduino board. This software 
environment is based on C/C++ programming 
languages and other open-source libraries. 
Additionally, this board can communicate with 
peripheral devices such as LCDs, sensors, and servo 
motors. However, many engineers find it 
challenging to program Arduino using C/C++ in 
real-world applications. 

Consequently, the code is implemented 
differently in this paper. Instead of using Arduino 
IDE's script codes, Simulink enables the direct 
dragging and dropping of blocks onto the work 
environment with easy connections between them. 
The Arduino Support Package in Simulink is 
utilized to program the Arduino board. This package 
automates the transition from the Simulink model to 
the corresponding code, which the Arduino board 
can then efficiently execute. Figure 9 depicts the 
block diagram for Simulink, highlighting the entire 
Simulink model utilized in this study. 

 
Fig. 9: Blocks of the Arduino package in MATLAB 
/ Simulink 

 
The supervision system is composed of three 

components: 
 

Hardware input: In this subsystem, sensor data is 
initially received before being processed/utilized by 
software. 
 

Control: The control signal to be transmitted to the 
Buck converter is computed using a two-stage 
process: (1) the selected MPPT algorithm calculates 
the reference speed, and (2) the proportional-
integral (PI) controller attempts to minimize the 
error by comparing the reference speed to the actual 

motor speed. It is notable that in this section, to 
compare the MPPT algorithms, the Simulink model 
with manual switching is modified. 
 

Hardware output: In this section, the Arduino 
board transmits the PWM (duty cycle) control signal 
to the Buck converter (simulated in Proteus). 
Additionally, the LCD panel will display the 
measurements (voltage, current, power, and duty 
cycle (%)). Moreover, all technical data will be 
transmitted to the Proteus software for real-time 
curve display. 
 
2.8 Proposed (VSS) Perturb & The 

Algorithm 
In the directly associated PV Water Pumping system 
(PVWPs), the PV array is directly coupled to the 
pump load without utilizing an optimization method 
(such as MPPT). Utilizing the P&O algorithm to 
track the MPP enhances the effectiveness of the 
PVWPS (fast-tracking and low oscillations). In the 
present method, the updated P&O algorithm 
calculates the step size based on the motor reference 
speed instead of the conventional voltage-based 
step. A specified reference step (denoted δωR) is 
multiplied by the power difference as an 
amplification factor. This method is helpful because 
it depends solely on the load's physical 
characteristics (the motor speed). By adopting this 
method, it is possible to avoid any modeling flaws 
that affect the input-output behavior. Figure 10 
depicts the functional steps of the speed-based P&O 
algorithm. 

 
Fig. 10: Flowchart of the proposed (VSS) P&O 
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Ipv (k),Vpv(k)
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2.9  PI Control  

Let ref denotes the speed of reference delivered by 
the VSS MPPT algorithm.   is the actual speed of 
the motor, the error ε is then written as: 

 𝜀 = 𝜔𝑟𝑒𝑓 − 𝜔                          (9) 
 

The PI control signal is formulated as: 
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 = 𝐾𝑝𝜀 + 𝐾𝑖 ∫ 𝜀                 (10) 

 

Where pK
and iK denotes the PI controller’s gains 

(proportional and integral). 
 
 

3  Results and Discussions 
 
3.1. Comparison between VSS and FSS 

(P&O) under Constant Temperature 

and Radiation 
A comparison of two MPPT techniques is 
conducted to validate the suggested method. In a 
photovoltaic pumping system, these strategies have 
been implemented. The latter does not require an 
electrochemical storage subsystem because it is 
powered by solar energy alone. Figure 11 and Table 
3 provide a summary of the comparative results. 

Figure 11 demonstrates that the P&O method 
with a step of 0.05 has better dynamic performance 
than the 0.005 step P&O algorithm; it can approach 
the steady state more quickly, but the oscillations 
therein are substantially higher. It takes 0.05 s to 
reach the MPP. However, the 0.005 step P&O takes 
1 s to reach the MPP. A more significant step can 
further improve the P&O algorithm's dynamic 
performance. Despite this, static performance will 
suffer as a result. A P&O method with varying steps 
can prevent or mitigate these performance 
deficiencies (in both dynamic and steady-state 
regimes). Our method has eradicated the steady-
state oscillations, and the PV generator's output 
power is at its maximum. Based on Table 3, it is 
evident that variable step-size P&O (P&O VSS) 
outperforms fixed step-size P&O (P&O FSS) for 
three solar radiation values (0.08 kW/m², 0.5 
kW/m², and 0.4 kW/m²) with a sudden shift of 
maximum power reference (1.5174 kW, 0.9336 kW, 
and 0.7387 kW). 
 

 
Fig. 11: Comparison of PV output power (Proposed 
VSS-P&O and FSS P&O) 

   
The simulations were conducted under constant 

temperature (25°C) and illumination (800 W/m²). 
Additionally, distinct perturb steps (δω) have been 
implemented (0.005, 0.01, and 0.05). Figure 10 
depicts the generated energy of the PV system. 
When the step size is increased, the FSS P&O 
approach yields superior response time results. 
Although the MPPT with an FSS of 0.05 minimizes 
response time, it causes more considerable 
oscillations in the steady state, which is detrimental 
to the MPPT's efficiency. The VSS P&O dynamic 
performance is superior to that of FSS P&O. 
Response time and steady-state oscillations of VSS 
P&O are superior to those of competing techniques. 
 

Table 3. Comparison between P&O fixed & 
variable step-size techniques 

MPPT 

Techniqu

e 

Parameter

s 

Irradiation G (W/m2) 

800 500 400 

FSS P&O 

Pmax (W) 1535 950.7 755.8 

Ppv (W) 1517.4 933.6482 738.7806 

Tracking 

Time (s) 

0.036 0.0556 0.069 

Oscillation 

in Steady-

state  

High High High 

nMPPT 0.9885 0.9821 0.9776 
Rerror 0.0259 0.0348 0.0386 

 

VSS P&O 

Pmax (W) 1541  955.6  758.4 

Ppv (W) 1528.8 944.9193 750.0007 

Tracking 

Time(s) 

0.0162 0.026 0.032 

Steady-

state 

oscillation 

Minimize
d 

Minimize
d 

Minimize
d 

nMPPT 0.9960 0.9939 0.9923 

Rerror 0.0254 0.0336 0.0373 
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Additionally, using this method reduces both 
response time and static regime oscillations. 
Moreover, it achieves a significant efficiency of 
99.60% and a tiny relative error in all examined 
circumstances. On the other hand, steady-state 
power oscillations are large, with a relative 
inaccuracy reaching 3.86 percent when using the 
classical method. 

Climatic conditions, precisely the array 
temperature and incident solar energy, vary 
throughout the day. These variations differ 
significantly based on the examined zone. 
Consequently, two distinct scenarios are studied to 
evaluate the system's performance: 
• Variable solar radiation profile and constant 

temperature 

Regarding the power curve, the proposed solar 
radiation profile exhibits the same behavior as the 
PV system's power. As depicted in Figure 12, the 
value of solar irradiation decreases in the intervals 
[0 sec, 6 sec] and [8 sec, 10 sec], and increases in 
the interval [6 sec, 8 sec] to evaluate the algorithm's 
sensitivity. During periods of transitional irradiance, 
the PV system's power closely follows the MPP. 
 

 
(a) Solar radiation profile                                                     

 
(b) Motor  Power 

 
(c) Rotor speed           

 
(d) Load torque 

Fig. 12: Results of PMDC Power motor, Speed, and 
load torque characteristic at MPPT connected PV 
system for constant temperature and variable 
irradiation. 

 
•Variable temperature profile and constant solar 

radiation 

In this instance, a sudden temperature change from 
20°C to 40°C is applied. Figure 13 depicts the 
temperature-dependent simulation findings. In this 
simulation, a constant solar radiation parameter of 
0.8 kW/m² has been employed. The switching 
frequency of buck converters is inversely related to 
temperature. Additionally, when this value drops, 
the motor's rotational speed increases. In contrast, as 
the temperature decreases, the PV power rises, 
leading to an increase in the flow rate, and 
consequently, meeting the daily water pumping 
requirement. It has been determined that their 
performances diminish as the temperature rises. 
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(a) Temperature profile 

 
(b) Motor  Power 

 
(c) Rotor speed                 

 
(d) Load  torque 

Fig. 13: Results for 0.8 kW/m2 and variable 
temperature with VSS - P&O MPPT controller 
 

3.2  Discussions and Statistic  
When comparing the P&O with FSS equal to 0.01 
and the P&O with FSS equivalent to 0.05, it is 
evident that the latter offers a dynamic performance 
that is relatively adequate; it can swiftly converge to 
the steady-state regime, albeit with more significant 
oscillations. The two examples above demonstrate 
that our methodology is more advantageous to the 
water pumping system than the conventional 
method. These scenarios replicate the natural 
environment in terms of fluctuating temperature and 
solar radiation, allowing a more thorough 
performance evaluation. According to Figure 12 and 
Figure 13, the abrupt change in environmental 
circumstances has a negligible impact on the 
performance and efficiency of the system. These 
findings demonstrate that our method can identify 
the optimal performance for each environmental 
change by modifying the MPP search. Additionally, 
by using speed-based P&O, the performance in 
terms of rotor speed stability is significantly 
enhanced, mainly due to the elimination of voltage 
modeling flaws. Table 4 outlines the primary 
characteristics of the various MPPT algorithms. 
These algorithms were assessed and compared 
based on their technical knowledge of PV panel 
parameters, complexity, speed, and precision. 

 
Table 4.  MPPT techniques employed 

(Comparison) 
MPPT 

Algorithm

s 

FSS 

P&O 

VSS 

P&O 
INC FCO FCC LF 

The type 

of sensors 

used 

Voltage 
Current 

Voltage 
Current 

Voltage 
Current Voltage Current Current 

Identificati

on of PV 

panel 

parameter

s 

Not 
necessa

ry 

Not 
necessa

ry 

Not 
necessa

ry 

yes 
necessa

ry 

yes 
necessa

ry 

yes 
necessa

ry 

Complexit

y low low mean very 
low 

very 
low high 

Number of 

iterations 
41 36 48 35 41 27 

Convergen

ce speed 
fast fast mean fast fast very 

fast 
Precision 

98.85% 99.6% 97% 94% 94% 99% 

 
The two proposed techniques are compared in 

Figure 14. This diagram displays five components 
that comprise the efficiency parameter, which is 
determined using the preceding relationship and 
simulation outcome. According to the literature, the 
simple MPPT is the most commonly used; 
nevertheless, when compared to the MPPT FSS and 
VSS, the expected overall energy performance is 
lower than that observed. Based on these findings, it 
is clear that this type of algorithm affects overall 
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performance and can either increase or decrease the 
use of this technology to power the solar pumping 
system. 

 

 
Fig. 14: The comparison between FSS and VSS 
MPPT 

 
 

4  Conclusion 
This paper examines photovoltaic pumping systems 
without the need for a battery bank. Two MPPT 
algorithms have been implemented (P&O with fixed 
and variable step sizes). We employed interactions 
between the Proteus/Isis and MATLAB/Simulink 
simulation platforms to track the MPP by providing 
the ideal motor speed as a reference. The latter is 
evaluated with a varied torque load. This method 
reinforces the PWM computation strategy by the 
motor speed reference value, which the 
proportional-integral controller subsequently 
governs. The proposed method minimizes the P&O 
method's response time and dynamic error when 
implemented. With varying temperature and 
irradiance profiles, the suggested approach, with its 
simple structure, has obtained improved results with 
minimum divergence around MPPs and without 
additional hardware. Additionally, the new tracker 
achieves high dynamic efficiency with an acceptable 
oscillation level during the steady-state phase. It has 
been demonstrated that 0.05 is the optimal step size 
for the VSS P&O. In typical settings, our algorithm 
is 99.6% more efficient. Future studies will evaluate 
the suggested approach under a partial shade 
scenario. Additionally, it is possible to validate it 
with different sorts of converters. 
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