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Abstract-This work examines the performance enhancement of the studied PV system, composed of a lower stage and an 

upper stage connected in series. Both stages are outfitted with a photovoltaic generator, a Boost DC/DC converter commanded 

by improved MPPT control is provided with a specific power control (SPC). The comparative study shows a better 

compatibility between the measured electrical quantities corresponding of the studied PV system and the obtained simulation 

results. Comparing the outcomes with a standard photovoltaic system operating in a single stage reveals a 3% increase in 

inverter efficiency and a 20% increase in photovoltaic power generation. The findings state that the developed discretized 

photovoltaic system could improve the reliability of photovoltaic systems in case of possible malfunctions which contributes to 

reducing their cost. 
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Nomenclature 

Ipv1(Ipv2) 
PV panel current of the low (High) 

stage 
Is1(Is2) 

Output DC/DC converter current of the low (high) 

stage 

Vpv1(Vpv2) 

 

PV panel voltage of the low (high) 

stage 
Vs1(Vs2) 

Output DC/DC converter voltage of the low(high) 

stage 

Ppv1(Ppv2) 
PV panel power of the low (high) 

stage 
Ps1(Ps2) 

Output DC/DC converter power of the low(high) 

stage 

Istotal 

(Vstotal, 

Pstotal) 

Total output current (voltage, 

power) of the global PV system 

Global 

efficiency 

 

Global efficiency of the PV system 

Efficiency 1 Efficiency of the low stage 
Efficiency 

2 
Efficiency of the high stage 

α1(α2) 
Duty cycle of the low (high) stage of 

the PV system 

 

L 

 

Inductor (H) 

ΔiL Variation of the inductor current (A) G Solar irradiance (W/m2) 

1. Introduction 

Authors solar photovoltaic (PV) energy is currently 

undergoing rapid development worldwide, with the aim of 

becoming an economical and competitive alternative to fossil 

fuels [1], [2]. However, the use of PV systems poses many 

challenges in terms of reliability and cost [3–7]. In 

conventional solar PV systems, which use solar panels with a 

single matching stage [8–18], the operation of the solar 

panels in optimal conditions is uncertain, especially under 

irregular light conditions. Conventional MPPT controls 

cannot have a trade-off between speed and accuracy. 

Moreover, any failure at this stage results in the loss of all 

the energy produced by the photovoltaic generators [17]. To 

solve this problem, it is necessary to implement a new 

photovoltaic panel topology, called discretized PV topology, 

which involves energy production through several adaptation 

steps. Each photovoltaic panel, or group of panels, has its 

own adaptation steps, allowing producing energy 

independently of anomalies on the cells or at a particular 

stage of the PV system. There are not many extensive studies 

and results on discretized PV systems in the literature [19–

26]. The main problem is the control of the upper stages of 

the system, which requires a good understanding of the 

operation of the matching stages in the presence of other 

stages [17]. In the case of PV systems with series-connected 

DC/DC Boost converters, the source of the high stage Mosfet 

transistor is connected to the low stage voltage (Vs1). 

Therefore, the use of Half-Bridge Driver [27], [28] to 

achieve the adaptation between the control part (Digital 

control) and the power part (MOSFET transistor) is not 

possible, because quite simply the voltage Vs1 of the low 

stage is greater than the maximum voltage (20V) of the 

power supply for this circuit. In the literature, no work has 

dealt in detail with this problem of controlling transistors 

with floating sources and no circuit has been made for this 

purpose. Doron Shmilovitz and all have treated by simulation 

a multi-stage discretized PV system, but no study has been 

presented on the transistor control problem [18]. Then, Ho-

sung Kim and all studied the same PV system, he presented 

results that concern all the electrical quantities (Voltage, 

current and efficiency). On the other hand, they did not deal 

with the control technique of the switches of different stages 

of the PV system studied [20]. 

To remedy this, we propose a structure for a discretized 

PV system as well as a control strategy for each stage in 

order to maximize the power generated by each PV panel as 

well as the efficiency of overall stages (DC/CD converters, 

etc.). 

In this work, we designed and realized a discretized, 

two-stage (low and high), series-connected PV system. The 

control of the power transistors of each stage is ensured by 

an automatic MPPT control improved by our research team. 

The improvement of this command concerns the precision 

and the speed of its search for the maximum power point 

PPM [18]. This command generates a PWM signal of 

insufficient amplitude to ensure the control of a Mosfet 

transistor, constituting the DC/DC Boost converter. To 

remedy this problem, a specific power control (SPC) was 

carried out. The daily experimental results obtained show 

that the SPC block, developed during this work, improves the 

shape of the PWM signals of the improved MPPT commands 

and takes into account the floating voltages of the outputs of 

each stage. Also, these same results show that the technique 

of discretization of PV panels is essential to improve the 

power conversion. And consequently, improves the overall 

efficiency of the system (93%). 
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2. PV System Description 

The diagram presented in Fig. 1 illustrates a two-stage 

photovoltaic system. Each stage consists of: 

•  Monocrystalline photovoltaic panel produce 

approximately 54 W of power, 12.8 V of voltage, and 

4.4 A of current under standard conditions [12], [17]. 

•  A load, such as a solar battery or a variable resistor, can be 

used in this proposed system, 

•  Boost DC/DC converters were chosen for our 

application (fig.2), which requires a voltage higher than 

that of the PV panel. The converter operates under a 

frequency of 10 KHz at a maximum power of 

200W.The electrical characteristics of the input and 

output of each Boost DC/DC converter are dependent 

on the duty cycles of the lower and high stages, 

represented by α1 and α2, respectively, as per equations 

[12], [17]. 

 

,          (1) 

  (2) 

                                          (3) 

•  The MPPT command applied in this work is of 

enhanced Hill Climbing type (Fig .3). The idea of 

our contribution was deduced by studying the 

influence of the optimal voltage of the PV panel 

according to the illumination and the temperature. 

This daily study clearly shows that the optimal 

operation of the PV panel studied is within an 

optimal voltage range (Vmin and Vmax) [18] (Fig 

.4). Knowing this optimal voltage range of the PV 

panel allows us to set a fairly large increment step 

when the measured voltage does not belong to this 

voltage range. On the other hand, when the 

measured voltage belongs to the latter, a small 

incrementation step is fixed, which makes it 

possible to operate the studied PV system around its 

true maximum power point MPP. To conclude, the 

strong point of this command is the variable 

increment step, it depends on whether you are close 

or far from the MPP. This improved control 

addresses the problems of classic commands (P&O, 

HILL CLIMBING, IC, ...). These MPPT controls 

cannot have a compromise between speed and 

accuracy, as they adopt a fixed increment or 

decrement step [29–33]. 

•  A specific power control (SPC) is positioned 

between the MPPT control and the Boost DC/DC 

converter. The objective of the SPC is to produce a  

PWM signal, tailored to the PV installation 

requirements, to regulate the power switches of each 

stage. It consists of two power circuit blocks (Fig. 

5). 

The lower stage, requires a Driver type IR2111 [27], 

[28], which provides the PWM signal, the output Ho is the 

sum of the voltage of the source of the transistor, which is 

connected in this case to the ground and the supply voltage 

Vcc=12V: 

      HO = Vcc+ VS=12V                           (4) 

The upper stage requires another reasoning, in this case 

the source of the transistor is not connected to the ground, it 

is connected directly to the voltage at the output of the 

converter of the lower stage (Vs1=30V). So, to ensure the 

closing and opening of this transistor it is necessary to drive 

its gate by a voltage (Vg), which is the sum of the source 

voltageVs≈30V and the threshold voltage of the transistor 

(≈7V): 

         Vg≈Vsource+Vseuil≈30V+7V≈37V                 (5) 

To have this amplitude, we thought of combining two 

identical drivers as shown in Fig.5.  The first Driver is used 

to generate a PWM1 signal, by applying a power supply 

(VCC1) of 20V and VS1 connected to ground (VS1≈0): 

HO1 = VCC1 + VS1=20V+0V=20V               (6) 

The HO1 signal of driver 1 is connected to the VS2 

output of the second driver, which allows it to generate a 

PWM2 signal of amplitude:   

HO2 = VCC2 + HO1= 20V+20V=40V                  (7)
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Fig. 1. A global system synoptic diagram. 

                                        

                                                   Fig. 2. DC/DC power converter used in this word. 
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                                                                        Fig. 3. Improved MPPT control. 
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Fig. 4. Simulated voltage of the studied PV panel according 

to the temperature and illumination. 

 

Fig. 5. specific power control (SPC) 

3. Experimental Validation  

 3.1 Experimental Procedure 

Fig.6 illustrates the measurement bench utilized in this 

study, comprising the essential equipment for conducting 

experiments on the discretized PV system presented in Fig.1: 

• Panel field formed by 4 PV modules; 

• CMP6 pyranometer to measure irradiance intensity 

and temperature; 

• Two stage discretized system (DC/DC converters, 

resistive load); 

• The digital MPPT control, consisting of: 

✓ The purpose of a PIC microcontroller is to execute a 

program with the following algorithm: 

- The acquisition of the reference voltage by Port A; 

- The conversion of the electrical voltage value into a 

digital value by the CAN module of the 

microcontroller; 

- The generation of a PWM signal, whose duty cycle 

varies according to the power supplied by 

the PV panels; 

✓ An amplifier stage that amplifies the PWM signal 

generated at the output of the microcontroller; 

✓ A specific power control (SPC) that improves shape 

and amplifies the amplitude of the PWM signal 

from the MPPT control to the desired value. The 

latter depends on the application (50 V in our 

case). 

 

Fig. 6. PV system and measuring bench used in our 

experimental procedures 

• Acquisition card (Fig. 7), developed in the team, in 

order to carry out electrical measurements (in an 

interval of 50 ms) of the PV systems during their 

functioning: Irradiance, Duty cycle, Voltage, Current, 

Power, Batteries charge rate. As shown in Fig.8, the 

software is based on a computer application developed 
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in C++ language under Visual studio. We also use the 

MySQL language to manage the database containing 

the different electrical quantities of the system (Fig. 

8A). We have adapted the software to our application 

so that it measures, stores and visualizes the electrical 

quantities in real time (Fig. 8B). 

                                                                                      

 

    

                                            Fig. 7. Acquisition and control card 

   

Fig. 8.  Acquisition and supervision software developed by the team: A: Main window; B: Database of different   

electrical quantities of the PV system. 

3.2 Functioning Principle of DC/DC Converters 

During a very sunny day where the irradiance and 

temperature were respectively about 900 W/m² and 18°C, we 

studied the functioning of each block of the studied PV 

system. We analyzed the typical results obtained during two 

periods of DC/DC converter, as illustrated in Fig.9 and 

summarized in Table 1: 

• Low Stage: is equipped with an improved MPPT 

control, which allows the PV panel to operate around its 

maximum power point, generating a PWM signal, with 

a duty cycle of 0.6 and amplitude of 12 V, as shown in 

Fig.9F1. The shape of this signal allows for controlling 

the opening and closing of the switch (Fig.9F2) and 

charging/discharging the inductance under optimal 

conditions is represented in the fig.8F3. In order to 

show the proper operation of the studied system, we 

theoretically calculated the average value of the 

inductance current <iL> ≈ Ipv1 = 3.65A, as well as its 

undulation ΔiL = 1.995A. These theoretical values are 

in very good agreement with those obtained 

experimentally (<IL1> = Ipv1 = 3.62A, ΔiL = 2A). The 

output voltage and current of this stage (Fig.11. F1) are 

stable and correspond well to those obtained by 

simulations (Table 1). These results, as well as the 

efficiency (93%) of the DC/DC converter, demonstrate 

that the lower stage operates correctly under optimal 

conditions. 

• High stage: As represented on fig.10.F1, the MPPT 

control of this stage produces a signal with the 

Programmation 

Current and 

voltage sensors 

Microcontroller 

Specific Control 

Block 

PWM signal outputs 

 

Display connection 

LCD 

Max Circuit 232 

A 
B
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same characteristics (frequency, duty cycle, amplitude) 

as the lower stage. However, due to the fixed reference 

voltage (30V) of the low stage, the 15V amplitude of 

the PWM signal cannot control the switch of this stage. 

To address this issue, a specific power control (SPC) 

was designed to enhance the shape and amplitude of the 

PWM signal for the high stage. The SPC generates a 

signal with amplitude of 40V, which is sufficient to 

control the high stage switch (as demonstrated in 

Fig.10.F1). This PWM signal ensures the correct 

Transistor functioning of this stage (Fig.10.F2). The 

inductor current, output voltage, and efficiency (as 

presented in Fig.10.F3 and Table 1) are practically 

identical for both stages under optimal conditions, 

indicating that they operate similarly. 

• Complete system: The sum of the voltages and power 

outputs of each stage is the voltage and power output of 

the overall PV system (as shown in Fig.11 and Table 1). 

The overall efficiency of the system and each stage is 

about 93%, and almost all the power produced by the 

PV panels is transmitted to the load. By comparing the 

efficiency of our discredited PV system to that of 

single-stage PV systems where efficiency does not 

exceed 90%, we can conclude that our system has 

improved the efficiency of the DC/DC converter by 3%. 

This improvement is attributed to two factors: the 

utilization of a better MPPT control [18], as well as a 

technique that considers the state of the PV system 

(illumination, load, and number of stages) when 

controlling power switches. 

• Complete system: From Fig.11, it is clear that the PV 

system studied ensures optimal functioning of the PV 

panels, this is justified by the satisfactory experimental 

yield obtained, which is of the order of 93%. Then, we 

represented on the same figure, the voltage at the output 

of each stage and the total voltage of the PV system 

studied. The results obtained show that total voltage 

(60V) is the sum of the voltages of each stage (30V). 

The results obtained demonstrate that the designed 

and implemented PV system operates effectively. The 

specific power control (SPC) played a vital role in 

controlling the high stage switch and achieving significant 

efficiency (93%). This system studied during this work is 

intended for applications requiring high voltages. 

 

 

 
 Fig. 9. Low stage signals: MPPT control signal (F1); Transistor  

            drain-source voltage (F2); Inductor current (F3). 
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Fig. 10. High stage signals: MPPT control signal and SPC 

circuit (F1); Transistor drain-source voltage (F2); and Inductor 

current (F3). 

 

 

 

 Fig. 11. F1: Input (Vpv1= Vpv2=13.3 V) and output voltage 

(Vs1= Vs2=29.7 V) of the DC/DC Boost converter; F2: 

Output voltage of the low stage (Vs1≈ 29.7 V) and the overall 

system voltage (Vs≈59.7V) ; F3: Output voltage of the high 

stage (Vs2≈ 29,7V) and the overall system voltage 

(Vs≈59.7V). 
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Table 1. Recapitulation table that translates the signals in Fig.10 into numbers 

 
Electrical quantities of 

the low stage 

Electrical quantities of 

the high stage 

Electrical quantities of the low 

global system 

 Experience Simulation Experience Simulation Experience Simulation 

Duty cycle α 0.6 0.586 0.6 0.586   

Input voltage (V) 13.3 13.49 13.4 13.49   

Output voltage (V) 29.7 30 30 30.5 59.7 60 

Input current (A) 3.62 3.65 3.63 3.65   

Output current (A) 1.5 1.6 1.5 1.6 1.5 1.6 

Input power (W) 48.146 49.23 48.642 49.23 96.78 98.47 

Output power (W) 44.55 47.41 45 47.41 89.55 96 

Efficiency (%) 92.53 96.3 92.5 96.3 92.52 97.4 

 

3.3 Experimental and Theoretical Validation of the Studied 

PV System 

During a full day of operation, we performed the 

validation of the design and operation of the PV systems by 

implementing and characterizing the PV systems. This 

system (Fig.1) consists of two stages matched by a DC/DC 

boost converter, which is regulated by a digital maximum 

power point tracking (MPPT) control equipped with a 

Specific control Bloc. 

Fig.12 depicts the lighting, duty cycle, and various 

electrical input parameters (Vpv1, Ipv1, Vpv2, Ipv2, Ppv1, 

Ppv2,) of each DC-DC converter, as well as the overall 

system output (Vs1, Is1, Vs2, Is2) (Itotal, Vstotal, Ptotal). In 

the same figure, we represented the results of the simulations 

(Optimum) obtained (currents, voltages, powers, efficiency 

…). The overall findings are as follows: 

• During an entire day of operation, the temperature and 

illumination experience successive variations ranging 

from 12°C to 25°C and from 300W/m² to 970 W/m².  

• The output voltage and total power equal to the sum of 

those of each DC / DC converter. 

• The total output current is that at the output of each DC 

/ DC converter. 

• The experimental results showed a strong correlation 

with the simulation, the negligible discrepancy can be 

attributed to the gradual aging of the PV panels. 

• The energy produced by the low (high) stage is 

242.13Wh (248.43Wh). The comparison between these 

energies produced and that produced in the case of a 

single-stage system [12] (196.5Wh) shows, on the one 

hand, that the stages produce practically the same 

energy, and on the other hand, an improvement of 

51.93Wh (or 26.42%) compared to single-stage 

systems. This improvement is therefore attributed by 

the discredited structure, the operation of which is 

ensured by the BCS circuit. 

The proper operation of the studied PV system equipped 

with the SPC circuit, which is necessary for controlling the 

DC/DC Boost Converters stages, were demonstrated by the 

positive results obtained over the course of an entire day. 
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Fig. 12. During an entire day of operation, the electrical 

quantities (such as currents, voltages, powers, and 

efficiencies) of each stage and as well as the overall PV 

studied system, were both experimentally measured and 

simulated in Pspice. 

3.4 PV System Operation During MPPT Control or PV Array 

Failures 

We analyzed the operation of the studied PV system, 

according to the situation encountered in PV installations: 

failure panels, DC / DC converters, MPPT control, ... In the 

context of our experimentation, we limited it to the following 

phases: 

- Phase 1,3 and 5: Normal operation of the PV 

system, 

- Phase 2: Failure of PV panels of the high 

stage (or the lower stage), 

- Phase 4: Failure of the MPPT control of high stage 

(or the lower stage). In our case, the output of the 

MPPT control blocks to 1 (or to 0). 

On fig.13, we have represented, for an irradiance and 

temperature of 900 W/m² and 30 °C, the typical evolution in 

function of time, of the duty cycles of MPPT control and 

electrical quantities of each stage and the overall system. On 

the same plots, we have represented the results of optimal 

simulations. These results clearly show a behavior that 

depends on the situations of the PV system: 

• During phases 1, 3 and 5, the studied system operates 

normally. For a duty cycle of 0.6, the results obtained 

show that the total voltage (58 V) of the system studied 

is equal to that at the output of each stage (29 V) and 

the same reasoning for the power. Then, the efficiency 

presented by this PV system is around 93%. From 

Fig.13, we clearly notice that there is a very good 

agreement between the experimental results and those 

of simulation. 

• During the failure of PV panels of the high stage (Phase 

2): All electrical quantities at the input and the output of 

the DC / DC converter of the high stage are down to 
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zero. In this situation no regulation of MPPT control, of 

this stage is made. The MPPT control of the lower stage 

regulates the operation of this stage following the new 

situation of the system (duty cycle of   the order of 0.7, 

Vs = Vs1 = 42 V, Is = Is1 = 1A and Ps = Ps1 = 44 W, 

efficiency>90%). The output power of the PV system 

(44 W) is practically that provided by the lower stage 

has a higher than 90% efficiency. Since all the 

experimental results are practically identical with those 

simulated (Optimum), we can deduce the optimal 

functioning of the lower stage, despite the shutdown of 

the upper stage, with a very satisfactory efficiency. 

• During the failure of the MPPT control high stage 

(Phase 4) the operating point of the PV panel of this 

stage is that which corresponds to the situation of the 

short-circuit (Vpv2 = 0 V, Ipv2 = Icc = 4.4 A, Ppv2 = 0 

W). The MPPT control of the low stage regulates the 

operation of the system following the new situation 

(Vs1 = Vs = 42 V, Is = Is1 = 1A and Ps = Ps1 = 44 W, 

efficiency>90%). The output power of the PV system is 

one of the lower stages. As before, since all the 

experimental results are virtually identical to those 

simulated (Optimum), we can deduce the optimal 

functioning of the lower stage, despite the shutdown of 

high stage, with a very satisfactory efficiency. 

Finally, it appears clearly that despite the failures that 

affect one of the stages (Panels, or MPPT control), the 

studied PV system continues to operate without interruption. 

At the output of the PV system, it provides an optimal 

electric power stemming from the not failing stage. This 

shows the importance of the discretized systems in a PV 

installation to assure the production of electrical energy 

independently of failures that can take place at the level of 

panels and PV installations blocks. 
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Fig. 13. Reaction of the discretized PV system in a possible 

failure. 

4. Conclusion  

The research work concerns the design, realization and 

optimization of a discretized PV system with two adaptation 

stages, equipped with power circuits (DC/DC converters) 

and an MPPT control improved by our team of research. 

Particular attention is attached to the specific blocks that 

control the stage power switches (SPC), which allows on the 

one hand to realize the adaptation between the control part 

and that of the DC / DC converter, and on the other hand to 

increase the PWM signal, generated by the MPPT command, 

to the desired value. It should be noted that in our case the 

amplitude of the PWM signal can reach 40V. From the 

experimentation of PV systems, carried out in the presence of 

DC/DC converters of the Boost type, we showed: 

• Good compatibility between the results obtained by 

simulation and the experimental ones corresponding 

to the electrical parameters of each PV system 

block, 

• The proposed system ensured proper functioning of 

each adaptation step and improved the overall 

performance of the PV system, 

• A specific power control (SPC) ensures proper 

control of MOSFET transistors, 

• The DC/DC converters integrated into the proposed 

system have increased efficiency by 3% compared 

to single-stage photovoltaic systems, 

• In the event of a failure in the PV panel or in the 

MPPT control of one of the stages of the PV system 

studied, the proposed PV system makes it possible 

to generate electrical energy by the other non-failing 

stages. 

The proposed discretized PV architecture has the 

potential to provide very interesting efficiencies and 

overcome the drawbacks of single-stage systems. 
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