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Abstract  In this paper, we propose an analysis of the 
structure and functioning in the Pspice simulation and 
experiment of a discretized photovoltaic (PV) system. This 
system is formed by two DC/DC Boost converter connected 
in series. Its role is to transfer electrical energy from two 
PV generators through two adaptation stages (upper and 
lower stages). We proposed a circuit control of the power 
switch of the DC/DC converter, specifically, the upper stage. 
The results show a good agreement between simulation and 
experience of electrical values (voltage, current, power) of 
each block of the PV system. The good performance of 
each stage (> 90%) and the complete PV system show that 
this architecture can provide an innovative solution in terms 
of reliability and performance improvement chain PV 
conversion. 
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1. Introduction 
The future of the photovoltaic (PV) industry through 

lower costs of electricity generation and optimization of 
production is needed. These two issues require high 
performance PV systems with a very high efficiency. The 
classic PV systems (one or more PV panels with a single 
stage of adaptation provided with the MPPT command [1-4]) 
have a satisfactory efficiency; however, searching the 
maximum power point is more complex and requires a 
broader search to avoid operation around a false maximum 
power point (MPP). This could occur when there is an 
inhomogeneous sunlight or a dysfunction of the panels [5]. 
In addition, if one of the adaptation stages fails all the energy 
produced will be lost. To overcome this problem, the 
discretization of the PV panels, where each panel has its own 
adaptation stage seems an advantageous solution in order to 
increase reliability and the electrical production PV [1-11]. 

The works made in the literature show well the interest of the 
discretized systems realization for the autonomous 
installations [6-11] as well as for the injection on the 
distribution network [5]. Every PV panel (or field of PV 
panel) possesses its own adaptation system (Converter 
DC/DC, MPPT commands). However, we find few or no 
extensive studies on the realization and the functioning of a 
complete PV system formed by PV panels, DC/DC 
converters and commands of maximization of the powers 
supplied by panels (MPPT commands) [1-4]. This is due to a 
mutual dependence of the functioning of adaptation stages, 
in relation to each other, and particularly to control the power 
switch of each DC/DC converter of each stage [5-11]. In this 
context, in order to clarify and better understand the 
discretized systems functioning, we propose the study, in 
depth; the distributed architecture consists of two PV panels, 
where each panel has its own stage adaptation. Each stage 
consists of a DC-DC Boost (or buck) converter controlled by 
an MPPT command. 

In this paper, we study the feasibility of such a discretized 
PV system in Pspice simulator and experiment. We present 
the results of the functioning of the complete PV system with 
two adaptation stages. Particular attention will be attached to 
the design of a power switch command circuit of Boost's 
DC/DC converters of every stage. The feasibility of the PV 
system will be deduced by analysing the efficiency of each 
stage and the complete discretized PV system. 

2. Structure and Functioning of the 
Discretized PV System in Two Stages 

Figure 1 represents the synoptic diagram of the discretized 
photovoltaic system (PV), constituted by two adaptation 
stages. Every stage is constituted by: 
• PV panels, in monocrystalline silicon, formed by 36 

cells in series (Fig.2) [1-4,12-13]. As shown in the 
Figure 2, a PV cell is formed by the current generator 
ICC (short-circuit current), the diode (D), the shunt 
resistance (RSh), and series resistance (RS). The 
current of the diode depends on the technological 
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parameters and of the temperature (T)  according to 
the expression:  
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Where:  
VD: voltage at diode terminals,  
IS (T): saturation current, 
q: charge of the free electron, 
KB: Boltzmann constant. 
From the comparison of the results of simulations to 
those provided by the manufacturer, we have deduced 
various parameters from the diode and PV cell (RS 
and RSh), and dependence of the short-circuit current 
(ICC) with solar radiation (Le (W/m2)) [12-13]. In 
Figure 3, we have represented the typical 
experimental and simulated power-voltage 
characteristics according to the illumination. These 
results show that the PV panel can provide in 
standard test conditions (STC) a power of 55 W, a 
current of 4.2 A and a voltage of 13V. 

• A load which can be batteries or variable resistance. 
In this last case, we fixed the values of the resistance 
superior to the optimal resistance of the PV panel for 
a given illumination and  temperature [1-4]. 

• The two power stages (upper and lower stage). Each 
stage is formed by a BOOST DC-DC converter 
(Figure 4) for applications requiring output voltages 
higher than optimal PV panels [1-4]. It is 
dimensioned in continuous mode at a frequency f = 1 
/ T = 10 kHz (T : period), the input currents of 5 A, a 
power of 100 W and undulations of the input voltages 
(output) of the order of 100 mV (20 mV). This 
application requires the use of power switch of the 
MOSFET type that has interesting performance (low 
voltage drop and resistor in the ON state...). During 
the functioning of the converter: 
 The variation of the inductor current obeys the 

equations: 
 - During the closure of switches, 

𝐝𝐝𝐢𝐢𝐋𝐋
𝐝𝐝𝐝𝐝

=  𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕
𝐋𝐋

=  𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕
𝐋𝐋

             (2) 

 - During the opening of switches, 
𝐝𝐝𝐢𝐢𝐋𝐋
𝐝𝐝𝐝𝐝

=  𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕−𝐕𝐕𝐕𝐕𝐕𝐕
𝐋𝐋

=  𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕−𝐕𝐕𝐕𝐕𝐕𝐕
𝐋𝐋

       (3) 

 The undulation of the inductor current is a 
function of the duty cycles α1 and α2 :  

   ∆𝐢𝐢𝐋𝐋 = 𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕 • 𝛂𝛂𝐕𝐕
𝐋𝐋• 𝐟𝐟

=  𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕 •𝛂𝛂𝐕𝐕
𝐋𝐋• 𝐟𝐟

           (4) 

In our study, we followed the operation of each 
DC/DC converter based on the relations bind the 
electrical quantities of inputs (Vpv1, Vpv2, Ipv1, 
Ipv2) and those of the output (Vs1, Vs2, Is1, Is2) in 
function of the duty cycles α1and α2 [1-4]: 

𝐕𝐕𝐕𝐕𝐕𝐕 = 𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕
(𝐕𝐕−𝛂𝛂𝐕𝐕)

 , 𝐕𝐕𝐕𝐕𝐕𝐕 = 𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕
(𝐕𝐕−𝛂𝛂𝐕𝐕)

            (5) 

𝐈𝐈𝐕𝐕𝐕𝐕 = (𝐕𝐕 − 𝛂𝛂𝐕𝐕) • 𝐈𝐈𝐕𝐕𝐕𝐕𝐕𝐕 ,  𝐈𝐈𝐕𝐕𝐕𝐕 = (𝐕𝐕 − 𝛂𝛂𝐕𝐕) • 𝐈𝐈𝐕𝐕𝐕𝐕𝐕𝐕   
6) 

From these equations, we can deduce the overall 
functioning of the PV system by the relations: 

𝐕𝐕𝐕𝐕 = 𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕
(𝐕𝐕−𝛂𝛂𝐕𝐕)

+ 𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕
(𝐕𝐕−𝛂𝛂𝐕𝐕)

 ,             (7) 

𝐈𝐈𝐕𝐕 = 𝐈𝐈𝐕𝐕𝐕𝐕 = 𝐈𝐈𝐕𝐕𝐕𝐕               (8) 

=  (𝐕𝐕 − 𝛂𝛂𝐕𝐕) • 𝐈𝐈𝐕𝐕𝐕𝐕𝐕𝐕 

=  (𝐕𝐕 − 𝛂𝛂𝐕𝐕) • 𝐈𝐈𝐕𝐕𝐕𝐕𝐕𝐕 

In the discretized systems, the problem posed is the 
control of the upper stage switch since it has a 
reference voltage (Vref = Vs1) floating and 
dependent on the lower stage. To do this, we have 
developed a circuit coupled with the classic Driver to 
control the opening and the closure of the switch on 
the upper stage as a function of illumination and 
throughout the day of the functioning of the PV 
system. It should be noted that all components of 
control circuits and control are biased by the 12 V 
battery of the PV system. 

• A manual MPPT command (Figure 5) formed by an 
oscillator which generates a saw tooth signal 
frequency of 10 kHz [2], a variable DC voltage 
generator and a comparator which generates a PWM 
signal of variable duty cycle (α) by comparing the 
saw tooth signal and the DC voltage [2]. In this work, 
we have adopted this type of control to analyze in 
depth the operation of two DC/DC converters in 
continuous operation and ensure proper functioning 
of the overall discretized PV system. 

 

Figure 1.  Block diagram of a discretized PV system with two stages (low 
and high) 
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Figure  2. Electric diagram of a Photovoltaic cell  

 

Figure 3.  Electric Characteristics powers-voltages experimental and 
simulated output voltage of the PV panel a function of illumination for a 
temperature of 22 ° C 

 

Figure 4.  Structure of the DC / DC Boost Converter 

 

Figure 5.  Manual MPPT command 

3. Analysis of Discretized PV System in 
the Pspice Simulator  

3.1. Functioning of DC / DC converters 

We implemented the PV system of Figure 1 in the Pspice 
simulator for an illumination of 700 W/m², temperature of 
30°C, a load of 50 Ω and duty cycle α1 = α2 = α= 0.5. Then, 
we plotted in Figure 6 the different signals of each DC/DC 
converter of the PV system. These results show that the 
functioning depends on the command of the switches of 
every DC/DC converter: 
• switch (MOSFET) of the lower stage has a source 

connected to ground. It is controlled by the manual 
MPPT command which generates a signal of 
frequency of 10 kHz, amplitude of 10 V and duty 
cycle of 0.5 (Figure 6. A1). However, the source of 
the switch of the upper stage is floating. The output 
of the MPPT command is not enough to control the 
switch. To take account of this floating source, we 
inserted between the switch and the manual MPPT 
command a circuit that takes into account the 
floating source and improves the shape and the 
amplitude of the PWM signal controlling the switch. 
Under the conditions of our simulations, the shape of 
the PWM signal generated by this circuit is shown in 
Figure 6. A21 (it varies from 0 V to 35 V). This is 
more than enough to control the opening and closing 
switch the top stage (Vgs varies from -30V and 5V) 
(Figure 6. A22). 

• After a transient of 50 ms, all the electrical quantities 
in the input (Vpv1, Ipv1, Vpv2, Ipv2) and in the 
output (Vs1, Is1, Vs2, Is2) converters are saturated 
around their corresponding  duty cycle values of  
0.5 (Figures 6. B1, B2, C1 and C2). The total voltage 
across the load (Vs = 60 V) is the sum of the 
voltages at the output of each converter    (Vs1 = 
30.09V, Vs2 = 30.09V). The current flowing in the 
load (Is = 1.18 A) is the one that flows at the output 
of each converter (Is1 = Is2 = 1.18A). These are in 
good agreement with the relations that govern the 
functioning of converters (relations 2-5). 

• When the two switches are closed (during αT): 
 The output voltage of each switch is zero 

(Figure 6. D1 and D2):  Vds = 0V, 
 The potential difference across each inductor 

is (Figure 6. E1 and E2): 
VL1 = Vpv1= 15.1 V, VL2 = Vpv2= 15.1 V 

 The charging current of the inductors is one 
that crosses the switches (Figures 6. F1, F2, 
G1 and G2). 

• When the two switches are open (during T-αT): 
 The voltage of output of every switch is equal 

to that of the output as the diodes lead (Figures 
6. D1 and D2): 

Vds1 = Vs1= 30.09 V, Vds2 = Vs2= 30.09 V, 
 The potential difference across each inductor 

is (Figures 6. E1 and E2): 
VL1 = Vpv1-Vs1= -15 V, VL2 = Vpv2-Vs2= 

-15 V 
 The discharge current of the inductor is that 

flowing through each switch (Figures 6. F1, 
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F2, G1 and G2). 
From plots of the currents (Figures 6. G1 and G2), we 

can deduce that each converter operates in continuous mode 
and the value of the current variation IL with time 
(�diL

dt
�≈ 3.75 104 A/S) and the current undulation (1.88A) 

is in good agreement with those deduced by the relations 2, 
3 and 4: 3.77 104 A/S and 1.88 A. 

The overall results in the PSpice simulator shows both the 
validation of relations 2-5 and the good functioning of each 
component of the two converters in series when their 
switches are controlled by manual MPPT command and the 
circuit of shaping. Thus, we propose that this circuit is 
essential for discretized PV systems of several stages. 
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Figure 6.  Typical Signals generated in the DC/DC converters of the lower ( 1 ) and upper (2) stage:A1, A21 : PWM of the commands MPPT of two 
stages,  A1, A22 : Vgs voltage of command of every switch of two stages,  B1, B2 : Voltages in the input and the output of every switch of two 
stages, and complete PV system, C1, C2 : current at input and output of each switch on both stages, and complete system, D1, D2 : Vds voltage at 
the output of every switch of two stages, E1, E2 : voltage in the borders of the inductance of every converter of two stages, F1, F2 : Ids current at 
the output of every switch of two stages, G1, G2 : IL current of the inductance of two stages. 
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Figure 7.  Typical simulation in Pspice of the influence of load and duty cycle of the PWM signal on the electric quantities (current, voltage, power and 
efficiency) of PV system in Figure 1. Le= 1000 W/m², T= 25°C. 

3.2. Influence of Load and Duty Cycle of the PWM 
Signal 

To better understand the overall functioning of the PV 
system in Figure 1, we analyzed in the Pspice simulator the 
electrical quantities (voltage, current, power and efficiency) 
of the system as a function of load and duty cycle of the 
PWM signal. Typical results are shown in Figure 7 as a 
function: 

- The load for illumination of 1000 W/m2 and a 
temperature of 25 ° C, 

- The duty cycle of the PWM signal to an illumination 
of 1000 W/m2 and a load of 50 Ω. 

These results show a functioning depending on load and 
duty cycle: 
• The electrical input and output quantities (voltage, 

current, power and efficiency) of the two converters 
is practically identical. The floating voltage of the 
converter of the high stage does not exceed 35 V and 
the power switch of this stage is correctly controlled, 
in the opening and closing independently in the 
variations of  load and duty cycle. 

• The output voltage of the overall system is the sum 
of output voltages of each converter, 

• The output current of the overall system is the 
current flowing to the output of each converter, 

• The efficiency of the global system (about 95%) is 
the same as those of the two converters (upper and 
lower). 

All results in this paragraph show the good functioning of 
each DC/DC converter and the global PV system. These 
results are checked for illumination between 300 W/m² and 
1000 W/m². For each variation (load and duty cycle), the 

circuit of shaping played well its role. It takes into account 
the floating voltage (Vref) and generates a signal that 
accurately controls the switch on the upper stage. The 
global power generated by the two panels is supplied to the 
load via the two DC/DC converters in series with a high 
efficiency (above 95%). 

 
Figure 8.  The automated bench of measure in the laboratory: A: PV Panel 
of 300 W; B: pyranometer; C: equipment (multimeter, computer.). 
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4. Experimental Validation 

4.1. Experimental Procedure 

The bench of measure which allows us to validate all the 
results obtained in the previous paragraph is represented in 
figure 8 [1-4]. This bench, completely automated, is 
constituted: 
• Four PV modules oriented south of 42 ° according to 

the horizontal axis, 
• A meteorological station (pyranometer and 

temperature sensor) to accurately track the values of 
irradiance and temperature, 

• A multimeter (Keithley 2700) connected to a 
computer for data acquisition and real time trace of 
various electric quantities of the PV system (voltage, 
current, power, efficiency ). 

The DC/DC Boost converter, the MPPT commands, the 
circuit of shaping of the signal PWM and the system of 
polarization of the various active components are 
represented in figure 9. 

 

 
Figure 9.  PV equipments realized during this work: A: Lower and upper 
stages of the PV system (DC/DC converters, manual MPPT commands), B: 
Circuit of shaping of the PWM signal, C: Polarization system of the various 
active components. 

4.2. Functioning of Converters 

We realized and characterized the complete PV system in 
Figure 9 when the illumination is 700 W/m², the temperature 
of 30 °C, the load is a resistor of 50 Ω and manual MPPT 

command. The MPPT command was designed to generate a 
PWM signal of 10 kHz, and duty cycle of 0.5. Since, 
according to the simulation results, the output voltage of 
each DC/DC converter is of the order of 30 V, then we set 
the parameters of the circuit shaping of the high stage so that 
the PWM signal has amplitude of the order of 35 V. This 
amplitude is largely sufficient to control the switch of the 
DC/DC converter of this stage in the closure and in the 
opening. To confirm this and the simulation results in 
Pspice, we noted the different signals DC/DC converters of 
the PV system (Figure 1). The results obtained are shown in 
figures 10, show: 
• The MPPT controls the two stages with a  PWM 

signal of amplitude of 10 V, frequency of 10 kHz 
and duty cycle of 0.5 (Figure 10. A1 and A2). This 
amplitude is sufficient to control the switch on the 
lower stage (Vgs = 10V) (Figure 10. B1). For cons, 
the switch on the high stage requires increasing 
amplitude and shaping of the PWM signal. The 
signal obtained at the output of the shaping circuit 
(Figure 10. A2) shows an amplitude of about 35V. 
Since the floating voltage (Vref = Vs1) is of the 
order of 30 V (Figure 10. C1), the control signal 
(Vgs) of this switch (Figure 10. B2) varies between 
-30 and 5 V. This signal is sufficient to operate this 
closing-opening switch. 

• The voltages of the two PV panels are in the order of 
15 V, of the output of every switch in the order of 30 
V and output of the global PV system is in the order 
of 60 V (Figures 10. C1, C2 and C3). The 
measurement of input (output) current of each 
DC/DC converter is of the order of 2.4 A (1.2 A). 
These values show the good functioning of each 
DC/DC converter, the overall system and the validity 
of relations 5-6 for a duty cycle of 0.5. 

• During the closing of the two switches (during α1.T 
and α2.T): the switches of two converters are closed 
(Vds1= Vds2 = 0 V) (Figures 10. D1 and D2.), the 
voltage across the inductors is that the panel (VL1= 
VL2 = 15 V) (Figures 10. E1 and E2). These 
voltages ensure the charging of the inductors by 
currents (Figures 10 F1and F2) with a variation 
compared with times  diL

dt
= 3.62 104 A/S, in good 

agreement with the calculated or simulated 3.75 104 
A/S. 

• During the opening of both switches (during α1.T -T, 
α2.T -T): the switches of both DC/DC converters 
open and because the diode (D) is conducting, the 
voltage of output of both switches Vds1=Vds2=Vs1 
= Vs2 = 30 V (Figures 10. D1 and D2). The voltage 
in the borders of the inductors is thus 
VL1=Vpv1-Vs1=VL2=Vpv2-Vs2 = -15 V (Figures 
10. E1 and E2). These voltages insure the discharge 
of the inductors by currents (figures 10 F1 and F2) 
with a variation compared to 
times   diL

dt
= −3.62 104 A/S,  in good agreement 
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with the calculated or simulated -3.75104 A/S. 
• From the charge and discharge of the inductor 

(Figures 10. F1 and F2), we can deduct the 
undulation of the current of the inductors which is of 
the order of 1.88 A. This value is in good agreement 
with the theoretical value which is of the order of 
1.88 A (Relation 4). 

All the waves forms of  experimental values obtained in 
this paragraph are in very good agreement for the results 
obtained in the Pspice simulator (Paragraph III) and the 
relations which govern the functioning of DC-DC converters 
(Relations 2-6). The circuit of shaping and the DC/DC 
converters of the PV system realized correctly their role. To 
validate the functioning of the system, we analyze in the 
following paragraph the functioning of the complete PV 
system according to load and to duty cycle. 

4.3. Functioning of the Global System 

We analysed the functioning of our PV system (Figure 9) 
as a function of  load and duty cycle of PWM signal to an 
illumination of about 700W/m² and a temperature of 30 °C. 
We set the parameters of the circuit shaping of the upper 
stage (Figure 1) to properly take into account the value of 
the floating voltage (Vref of about 30 V) and properly 
control the power switch of this stage at the closing and 
opening. The different electrical quantities (voltage, current, 
power and efficiency), experimental and simulated obtained 
are represented in Figure 11. These plots show: 
• a very good agreement between experiment and 

simulation in Pspice, 
• the output voltage of the PV system is equal to the 

sum of the voltages of each converter, 
• The output current of the PV system is the output 

current of each converter, 
• The power supplied by two panels is that one 

practically restored to the load through two inverters 
in series. During this transfer, the efficiency of every 
converter and on the discretized system is very 
satisfactory (Upper to 90 %). 

All the experimental results obtained in this paragraph 
shows the good functioning of discretized system and 
circuit shaping of the PWM signal that controls the power 
switch of the upper stage. Also, the good efficiency of the 
discretized PV system (> 90%), particularly the lower and 
upper DC/DC converter, shows the efficiency of the PV 

system designed and its use in PV systems. This allows 
overcoming the well problem of shading and the failure of 
PV cells and PV panels. 

 

 

Figure 10.  Signals generated by the lower stage (1) (left) and the upper 
stage (2) (right): A1: MPPT Command on the lower stage,A2: MPPT 
command of the upper stage, and output of the circuit of shaping. B1, B2: 
Vgs voltage of command of every switch of both stages, C1, C2 and C3: 
voltage in input and output of every DC/DC converter, and output of the 
global PV system, D1, D2: voltages of output of every switch, E1, E2: 
voltages in the borders of the inductor of every switch, F1, F2:  current in 
the inductance of every switch (lower and upper stage). 
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Figure 11.  Electrical quantities (currents, voltages, power and efficiency) experimental and simulated in Pspice of the lower, upper stages and complete 
system as a function of the load (left) and duty cycle (right). Le= 700 W / m², T = 30 °C. 
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5. Conclusion 
In this paper, we studied the feasibility of a discretized 

photovoltaic system (PV), constituted by two stages of 
adaptation. Every stage is formed by DC/DC boost converter 
controlled by a Manual MPPT command and an adequate 
circuit to control the opening-closing power switches of 
every DC/DC converter. The results obtained in the Pspice 
simulator and experimental show: 
• Good agreement in simulation and experience of the 

electrical quantities of each block of the PV system, 
• The good functioning of each stage of adaptation and 

complete PV system. 
• A good efficiency of each stage and particularly the 

complete system (greater than 90%). 
All these results allow us to conclude that the 

discretization of the PV installations is an advantageous 
solution with the aim of optimization and of increase of the 
PV electric production. So, it allows solving the problem of 
the efficiencies degradation of the PV installations during 
shades and failures of PV cells and panels. 
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