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Abstract This paper presents a novel maximum power
point tracking (MPPT) algorithm used in photovoltaic (PV)
module connected to a storage battery. The main aim of this
algorithm is to maximize the PV array output power by track-
ing continuously the maximum power point (MPP) which
depends on atmospheric conditions (panel temperature and
irradiance). The full system is composed of a PV array, a stor-
age battery and an electronic boost-type DC–DC converter
inserted between the PV array and the storage battery. The
proposed MPPT control algorithm used to control the boost
DC–DC converter is intended to lead the PV array power to
its maximum point by keeping the PV array voltage stable
with little deviation. The modeling of this system is realized
using the novel concept of “functional prototyping” based
on Very high speed integrated circuits Hardware Description
language–Analog and Mixed Signal (VHDL-AMS) which
can be particularly useful to design and redesign complex
system with multi-technologic aspect, and to optimize strate-
gies of control. The usefulness of the proposed MPPT algo-
rithm has been fully verified by digital simulation using Sim-
plorer software, where the obtained results show that the pro-
posed MPPT method can improve PV power system perfor-
mances noticeably in steady and dynamic states.
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1 Introduction

Photovoltaic (PV) power systems convert sunlight directly
into electricity. A residential PV power system enables a
homeowner to generate some or all their daily electrical
energy demand on their own roof, exchanging daytime excess
power for future energy needs (i.e., nighttime usage). The
house remains connected to the electric utility at all times,
therefore any power needed above what the solar system can
produce is simply drawn from the utility. PV systems can
also include battery backup or uninterruptible power supply
(UPS) capability to operate selected circuits in the residence
for hours or days during a utility outage [1].
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The use of the solar energy is increasingly emphasized
and regarded as a very important resource of power energy
in the future. One of the main challenges for the PV industry
is to increase the efficiency of PV conversion which varies
severely with atmospheric conditions [2,3]. Therefore, it is
necessary to concentrate our forces to reduce the application
costs and to increment their performance. In order to reach
the last aspect, it is important to note that the output char-
acteristic of a PV array is nonlinear and changes with solar
irradiation and cell’s temperature. In general, for the output
characteristic of a PV array there is an only point on the
V–I or V–P curve, called the maximum power point (MPP),
at which the entire PV system operates with maximum effi-
ciency and produces its maximum output power. The location
of the MPP is not known, but can be located, either through
calculation models or by search algorithms.

The issue of MPPT to maintain the PV array’s operat-
ing point at its MPP has been addressed in different ways in
the literature; examples in [4–13]. In this work, our attention
will be focused on an efficient MPPT algorithm used to maxi-
mize the PV array output power by tracking continuously the
MPP, which depends on atmospheric conditions. The mod-
eling of the system is realized using the novel concept of
“functional prototyping” based on VHDL-AMS language,
where the major advantage of this concept is that the mod-
els’ behavior can be written in different levels of abstraction
in mixed signal (analog–digital) and in mixed technology
(electrical, mechanical, thermal, magnetic, etc.,), allowing
designers to study and optimize the performance (verifica-
tion) of components at different stages of the design process,
before fabrication. The usefulness of the proposed MPPT
algorithm is verified by digital simulation using Simplorer
software package which is a simple graphical interface makes
even complex models easy to design. Fast and stable simula-
tion algorithms reduce simulation time and provide reliable
results.

The remaining contents of this paper are organized as fol-
lows. Section 2 introduces the basic principle of the PV array
mathematical modeling. Sections 3 and 4 describe the basic
MPPT operating principles and the proposed MPPT algo-
rithm for a PV module connected to a lead–acid battery,
respectively. Section 5 describes the VHDL-AMS prototyp-
ing for principal parts of the PV power system. Section 6 dis-
cusses the obtained simulation results using Simplorer soft-
ware in steady and dynamic states. Conclusions are finally
drawn in the last section.

2 PV Array Mathematical Modeling

A PV array is a set of PV cells, connected together in serial or
in parallel way or in a combination of them. Most solar mod-
ules are currently produced from silicon PV cells. These are

typically categorized as monocrystalline or polycrystalline
modules. In our case, the used PV power system is based
on polycrystalline module, with regard to the behavior of a
real solar cell, two parasitic resistances inside the cell, series
RS and parallel resistance RP are taken into consideration
as indicated in the equivalent circuit diagram in Fig. 1. The
series resistance RS arises from the bulk resistance of the sil-
icon wafer, the resistance of the metallic contacts of the front
and back surface and further circuit resistances from con-
nections and terminals. The parallel resistance RP is mainly
caused by leakage currents due to p-n junction non-idealities
and impurities near the junction, which cause partial shorting
of the junction, particularly near the cell edges.

From Fig. 1, we deduce the Eq. (1) which describes the
current–voltage characteristics of the PV cell depending on
light-generated current [9–11]:

Icell = Iph− IS

(
exp

(
qV D

nK T c

)
−1

)
− Vcell+ Icell RS

RP
(1)

where, Iph, light-generated current (A); VD, voltage across
the diode (V); IS, reverse saturation current (A); q, electron
charge (C); K, Boltzmann constant (ev); n, ideality factor
(n = 2); Tc cell temperature in Kelvin (K); RS, solar cell
series resistance [�]; RP, solar cell parallel resistance[�].

Figure 2 shows the electrical characteristics of the PV cell.
The PV cell characteristics present three important points:

the short circuit current Isc (Isc ≈ 4.5 A), the open-circuit
voltage Voc (Voc ≈ 0.6 V), and the optimum power Pop

(Pop ≈ 2.2 W) delivered by the PV array to an optimum
load Rop when the PV cells operate at their MPP.

On the other hand, the generated current is deeply depend-
ing on the captured radiation, from which it may be assumed
that the relation which associates between light-generated
current (Iph) and the captured solar irradiation is given in
Eq. (2):

Iph = (Isc · Ir/Ir_stc) (2)

where Ir is the solar panel incident irradiation, Isc is the short
circuit current and Ir_stc is the irradiation at standard test con-
dition (STC) (Irradiance: 1,000 W/m2 and cell temperature:
25 ◦C).

Figure 3 shows the current–voltage and power–voltage
characteristics of a PV cell for different values of solar
radiation.

As shown in Fig. 3a, b, the short-circuit current is clearly
proportional to the solar radiation, more radiation implies
more current and more generated power.

Substituting (2) into (1), we obtain:

Icell = Isc · Ir

Ir_stc
− IS

(
exp

(
qV D

nK T c

)
− 1

)
− Vcell + Icell RS

RP

(3)
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Fig. 1 PV cell equivalent
circuit
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Fig. 2 Electrical characteristics
of the PV cell

(a) Current-Voltage characteristic.     (b) Power-Voltage characteristic.
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(a) Current-Voltage characteristics. (b) Power-Voltage characteristics.
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Fig. 3 Effects of different irradiations on the PV cell

Then, (4) describes the effect of Ns PV cells connected in
serial and Np PV cells connected in parallel.

Ipv = Np Icell and Vpv = NsVcell (4)

where, NS, number of cells connected in series; NP, number
of cells connected in parallel; Vpv, PV array voltage; Ipv, PV
array current.

From (1), (2), and (4), we can deduce the characteristics
equation of Ns*Np PV cells [12]:

Ipv = Np

[
Isc · Ir

Ir_stc
− Is

(
exp

(
q

nK Tc

(
VA

Ns
+ Rs · Ipv

Np

))
−1

)]

−Np · Vpv

NsRp
− Rs · Ipv

Rp
(5)

The produced power for Ns*Np PV cells is given by:

Ppv = Ipv · Vpv

= Vpv · Np

[(
Isc · Ir Ir_stc

) − Is

(
exp

(
q

nK Tc

(
Vpv

Ns
+ Rs · Ipv

Np

))
− 1

)]

− Np · V 2
pv

Ns RP
− Rs · Ipv · Vpv

RP
(6)

(5) and (6) highlight the effect that can have environmen-
tal factors such as the variations of temperature and solar
irradiation, and PV array structure on generated power.

3 MPPT Operating Principles

The purpose of the MPPT is to move the array operating point
close to the MPP under changing atmospheric conditions. In
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Fig. 4 PV power system with MPPT structure
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Fig. 5 Different PV panel operating points for different values of DC–
DC converter input voltage

practice, optimal power load will be achieved through the use
of a variable duty cycle of the control part of the MPPT con-
verter, which controls directly the operating voltage which
corresponds to this optimal load [6,7,9,10,14].

Figure 4 shows the basic fundamental block diagram of the
full system, which consists of a PV array generator, a storage
battery and a boost DC–DC converter inserted between the
PV array and the storage battery. The boost DC–DC converter
is piloted by a pulse-width modulation signal (PWM) which
is provided by the MPPT control algorithm. The MPPT algo-
rithm imposes the duty cycle D of the PWM signal as well as
the PV panel operating point to extract the maximum power.

Figure 5 shows the different PV panel operating points
for different values of DC–DC converter input voltage. The
power flow is controlled by adjusting the duty cycle D of the
provided PWM signal. It is noted that the operating points
P1 and P2 correspond, respectively, to input voltages VIN1

and VIN2 or, respectively, to duty cycles D1 and D2.
In this case, the expression of VIN is given by:

VIN = VB(1 − D) (7)

where VB is the battery voltage, and D is duty cycle.
The transition from P1 to a generic point P is carried out

by increasing the duty cycle as:

DP = D1 + α · t (8)

where α is a positive constant, t is the time, and Dp is the
duty cycle corresponding to point P.

In the same way, for a transition from P2 to P, the duty
cycle must be decreased. In this case, α changes its sign and
becomes negative.

Therefore, the expression of the input voltage VP corre-
sponding to point P is given by:

VP = VB(1 − D1 − α · t) (9)

On the other hand, we can write:

VIN1 = VB(1 − D1) (10)

Taking into account (9) and (10), we obtain:

VP = VIN1 − VB · α · t (11)

The derivative of the power Ppv delivered by the PV array
with respect to duty cycle D is given by:

dPpv

dD
= dPpv

dVIN

dVIN

dD
(12)

Taking into account (7), (12) becomes:

dPpv

dD
= −VB

dPpv

dVIN
(13)

Hence,

d2 Ppv

dD2 = −V B
d2 Ppv

dV 2
IN

dVIN

dD
= V 2

B
d2 Ppv

dV 2
IN

(14)

At the MPP, we have
dPpv

dVIN
= 0.

This implies:

dPpv

dD
= 0 (15)

Also at MPP:

d2 Ppv

dV 2
IN

< 0 (16)

This implies:

d2 Ppv

dD2 < 0 (17)

From (15) and (17), we conclude that the PV array power is
a concave function of the duty cycle.

4 Proposed MPPT-Based Solar System

All parts of the designed PV power system are assembled
in the architecture shown in Fig. 6. This illustration details
the links between power subsystem, sensors, and MPPT
controller.

The power Ppv of the PV module is calculated by measur-
ing the voltage and current of the PV array using voltage and
current sensor models. Two delay blocks (τ1 = 0.1 ms and
τ2 = 0.3 ms delay time) are used to detect variation of gen-
erated power. Then, the output comparator provides a digital
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Fig. 6 Proposed architecture
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signal which indicates whether the power time derivative is
positive or negative. The digital signal is multiplied by a con-
stant α to be integrated to form triangular signal Tg that will
be the reference for the PWM algorithm.

The flowchart depicted in Fig. 7 shows how PWM signal of
the proposed MPPT algorithm is produced. After calculating
generated power, the duty cycle is estimated by comparing
the power for two consecutive time; if the derivative power
is positive the duty cycle will be increased and vice-versa.

During charging, the PV generator (12 serial cells) current
flows through the diode D into the battery. As achieving the
maximum charge voltage, the PV generator is short-circuited
by the regulating unit, so that no more charging current can
circulate. The diode prevents here, on one hand, the current
reversal from the battery into this short-circuited path; on
the other hand it prevents discharging of the battery to the
unlighted PV generator at night.

5 VHDL-AMS Prototyping

The complexity of solar power systems urges toward effi-
cient means for the co-design of digital, analog, and mixed
signal blocks. System-level constraints must be propagated
in the design flow down to the lower levels to trim device
parameters.

The VHDL-AMS has been conceived for modeling not
only analog and mixed-signal circuits, but also mixed-
technology systems. It supports the use of digital constructs
together with electrical quantities, differential equations and
algebraic constraints. In addition, it allows the hardware
description with different levels of abstraction, then making
viable a top-down design methodology [15–18].

The VHDL-AMS modeling language gives designers an
ability to model both internal and external system descrip-
tion and analyze each factor’s effect on system performance.
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library ieee;
use ieee.math_real.all;  
use ieee.electrical_systems.all; 

entity pv_module is
generic( 

Rs  : real := 1.0e-5; 
Rp  : real := 1.0e+5; 
Isc : real := 4.5; 
Is : real := 1.0e-15; 
Vt  : real := 25.0e-3; 
); 

port( 
terminal p,m : electrical;
quantity pw_inst : out real;
); 

end entity pv_module;

architecture arch_pv_module of pv_module is
quantity Vcell across Icell through m to p; 

begin
Icell == Iph - Is * (exp((Vcell+Icell*Rs)/vt) -1.0 ) 

-((Vcell+Icell*Rs)/Rp); 
pw_inst == -Icell*Vcell; 

end architecture arch_pv_module;

Fig. 8 VHDL-AMS model of PV cell

In addition, the concept of functional prototyping which we
used in our approach is a behavioral model methodology that
considers the specifications and the characteristics earlier in
the flow design, allowing designers to study and optimize the
performance of components before fabrication. The devel-
oped functional prototype of the solar cell system and its
MPPT algorithm allows the study and simulation of the PV
cell performances which include: output voltage, efficiency,
and generated power. In this section, we will discuss the prin-
cipal parts of the system, which are the PV array, the storage
battery and the boost DC–DC converter.

5.1 VHDL-AMS PV Cell

In order to realize the modeling of our system, we begin by
designing of a functional prototype for the PV cell using the
VHDL-AMS language. Different models can be made with
various abstraction levels. A first VHDL-AMS description
of the PV cell (Fig. 8) is used to reproduce the cell current–
voltage and power–voltage characteristics, this model makes
easy a parametric study of PV cell, it includes the library that
makes the model useful, the used generics to characterize the
PV cell and the ports (or pins) via which the model can be
connected to other components.

Then, the final model is created by introducing all para-
meters of the solar array such as solar irradiance and PV cells
number, also other parameters are added to guarantee a better
hierarchical modeling methodology.

Fc Sc

RdRi
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m

V_RdV_Ri

Fig. 9 Electronics equivalent circuit of the battery

5.2 VHDL-AMS Model of The Lead–Acid Battery

In a lead–acid battery, chemical energy is transformed to
electrical energy at the battery electrodes through chemical
reaction of the acid molecules with the electrode materials.
The chemical reaction at the battery electrodes results in a
lower concentrations of the lead–acid near the electrodes dur-
ing discharge. The diffusion of the acid molecules between
regions of high and low concentration is modeled with three
models: the diffusion resistor Rd, a slow and a fast capacitor
(FC, SC). Since the acid near the battery electrodes is con-
sumed faster, its concentration is lower. This is modeled as a
fast capacitor FC that discharges quickly. The fast capacitor
FC that discharges quickly reproduces the lower concentra-
tion of the acid near the battery electrodes where is consumed
faster.

The acid concentration farther from the electrodes is not
consumed as fast, therefore it is modeled as a slow capacitor
SC that discharges slowly. The actual diffusion of the acid
molecules between the regions of low and high concentra-
tions is modeled with a diffusion resistor Rd. The electrical
resistance of the electrodes is modeled as the internal resis-
tance Ri of the battery.

The electronics equivalent circuit of the battery is shown
in Fig. 9 [19,20].

The entity of the VHDL-AMS model of the battery behav-
ior is shown in Fig. 10.

5.3 VHDL-AMS Model of DC–DC Converter

A basic topology of a PWM DC–DC boost converter is cho-
sen to perform the power conversion from PV array to battery.
It consists of controlled switch S, diode D, filter inductor L,
and filter capacitor C.

The resistor, capacitor, inductor, and diode are the elemen-
tary electrical components that can be easily modeled using
current–voltage relationship. Models written in VHDL-AMS
can be as detailed as desired, including numerous effects
beyond ideal behavior. However, we include only as much
detail as it is necessary for the analysis being performed.
With VHDL-AMS, we can write models with many degrees
of detail by implementing several architectures in the model
and using one at a time.
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library ieee;
use ieee.math_real.all; 
use ieee.electrical_systems.all; 

entity bat_soc is
generic (factor : real :=1.0; 

Ri     : real := 1.0e-2; 
Fc     : real := 60.0; 
Rd    : real := 4.0e-2; 
Sc     : real := 2.0e4; 
v_init  : real := 12.0; 
v_max : real := 14.0
); 

port( terminal p, m      : electrical;
quantity soc_out : out real :=0.0; 
quantity v_out    : out real :=0.0
); 

end entity bat_soc;

Fig. 10 VHDL-AMS entity of the battery model

entity switch is
generic (ron   : real := 1.0e-3;   

roff : real := 1.0e6;  
ton   : real  := 1.0e-9;   
toff   : real := 1.0e-9 
);  

port (terminal p, m  : electrical; 
signal   sw_state : out bit

            );    
end entity switch; 

Fig. 11 VHDL-AMS entity of the switch model

The switch component will typically be a power bipo-
lar transistor or power MOSFET. In the early design stages,
we may not have determined which particular device to use.
However, since we are only using the device as a switch, it
will be either ON or OFF, therefore its detailed characteris-
tics are not relevant. We can proceed with simulations of the
system using an idealized model of the device. The behav-
ioral model of the switch presented in Fig. 11 describes an
ideal switch with transition effect, it can easily replace semi-
conductor switch in several applications as a sophisticated
high power semiconductor and it presents a good conver-
gence working.

The boost converter is then assembled in a structural
model, which consists of a set of instantiated functional and
behavioral models of capacitor, diode, inductor, and switch
as shown in Fig. 12.

6 Simulation Results and Discussions

In order to verify the static and dynamic performances of the
proposed MPPT algorithm and the reliability of VHDL-AMS

library ieee;
use ieee.math_real.all; 
use ieee.electrical_systems.all; 

entity tb_BoostConverter is
port ( ctrl : std_logic 

); 
end tb_BoostConverter;

architecture BoostConverter of tb_BoostConverter is
terminal p1 : electrical;
terminal p2 : electrical;
terminal p3 : electrical;

begin
L1 : entity work.inductor(ideal)

port map ( p1 => p1, p2 => p2 );
sw1 : entity work.switch(ideal)

port map ( sw_state => ctrl, p1 => p2, p2 => electrical_ref);
D1 : entity work.diode(ideal)

port map ( A =>p2, K => p3 ); 
C1 : entity work.capacitor(ideal)

port map ( p1 => p3, p2 => electrical_ref );
end architecture BoostConverter;

Fig. 12 Structural VHDL-AMS code for the boost converter

prototype, the PV power system was simulated for constant
irradiance and angle, then for variable irradiance and angle.

Our system was simulated on Simplorer which is a soft-
ware package used to design and analyze complex techni-
cal systems. Simulation models created with Simplorer can
contain circuit components from different physical domains,
block elements, and state machine structures modeled in Sim-
plorer modeling language (SML), as well as VHDL-AMS.
Further, Simplorer performs calculations for simulation mod-
els described in VHDL-AMS. The SML compiler automati-
cally starts the VHDL-AMS simulator if VHDL-AMS com-
ponents are used in the simulation model. Standard compo-
nents for VHDL-AMS simulation are available on the “AMS”
tab, the “Digital” tab, and the “Tools” tab of the Model agent
[21–23].

6.1 Steady-State Simulation

The PV power system is firstly tested without use the MPPT
controller. The waveform of PV array power is presented in
Fig. 13. We can observe that without MPPT controller, the PV
array cannot work because the provided power is not stable
around its maximum operating power points and decreases
quickly to zero value, which shows that a MPPT technique is
necessary, to extract the maximum power from the PV array.

The PV power system is operated using the proposed
MPPT algorithm and simulated under steady-state solar irra-
diance and temperature conditions. The waveforms of PV
array power (Ppv), PV array current (Ipv), PV array volt-
age (Vpv), and control triangular signal (Tg) are shown in
Fig. 14. It is noted that the PV power system, using the pro-
posed MPPT algorithm, is able to accurately track MPPs with
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Fig. 13 Waveform of PV array power without MPPT controller

minimum steady-state power oscillations. It can be observed
that the proposed MPPT controller in steady-state (as well
shown in Fig. 14b) allows to bring back the power operating
point quickly to a stable level of about 24 W at 1,000 W/m2,
keeping the PV array voltage and the PV array current to be
stables around (Vpv ≈ 5.48 V, Ipv ≈ 4.5 A).

6.2 Dynamic Simulation

The proposed MPPT algorithm is tested under two different
weather conditions, i.e., for rapidly changing irradiance and
different tilt angles cases. The purposes of tests are to inves-
tigate the dynamic characteristics of PV power system using
the proposed MPPT controller.

6.2.1 Rapidly Changing Irradiance Levels

The different waveforms of PV power system under step
change in solar irradiance values from 1,000 W/m2 to
500 W/m2 are illustrated in Fig. 15. In the first case (for
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Fig. 15 Different waveforms of PV power system for rapidly changing
irradiance

1,000 W/m2), the averages PV array current and power
are very close to their optimal values of (Ipv ≈ 4.5 A,
Ppv ≈ 24 W), respectively. In the second case, when irra-
diation level is decreased to 500 W/m2 at time 30 ms, it is
shown clearly, that after a short transient, the PV array cur-
rent and power are adjusted to the new optimal values, which
are (Ipv ≈ 2.24 A, Ppv ≈ 13 W), and the PV array voltage
remains constant. This test demonstrates that the proposed
MPPT controller has the ability to accurately track MPP with
minimum power ripples.

In order to show clearly the response of the PV power
system during the dynamic state for a rapidly changing irra-
diance, the zoomed waveforms of both PV array current and
voltage are shown in Fig. 16, respectively.

Figure 17 shows the characteristics of PV array Ppv (Vpv)

and Ppv (Ipv) for different levels of irradiance, respectively.
The irradiance is increased from 500 W/m2 to 1,000 W/m2

with a rate of 100 W/m2. It can be observed that the proposed
MPPT controller ensures a maximum power operating point
for any level of irradiance, therefore an increase in irradiance
produces an increase in PV array current and consequently
an increase in PV array power, but the PV array voltage is

(a) Different waveforms of  PV power system. (b) Zoomed waveforms of PV power system in steady-state.
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Fig. 14 Simulation results under steady-state solar irradiance and temperature conditions
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(a) PV array current waveform. (b) PV array voltage waveform.
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Fig. 16 Zoomed waveforms of PV array current and voltage for step change on irradiance

(a) PV array power-voltage. (b) PV array power-current.
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Fig. 18 Defining PV module angles

still unchanged for any maximum power operating points,
because the voltage is the result of ration of power by current.

6.2.2 Response Under Different Tilt Angles

Usually, a PV array is integrated into a solar tracking system
to extract the maximum energy from the sun. For this, to
demonstrate the efficiency of the proposed MPPT algorithm,
we consider that the PV array is placed at different tilt angles
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Fig. 19 Waveforms of PV power system for different tilt angles

β to the horizon. The system can be simulated by rotating
the PV array around the east west axis, as shown in Fig. 18.

The variation in the tilt angle implies a change of the inci-
dent irradiation received by the solar panel, therefore the
direct incident irradiation is given by [24]:

Ir = Irrad cos(θ) (18)
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(a) (b)From β=45° to β=30°. From β=30° to β=20°.
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Fig. 20 Zoomed waveforms of PV array for different tilt angles

Table 1 Power extracted under different tilt angles

Tilt angle β (◦) 45 30 20

Power (W) 17.3 21.0 23.7

Current (A) 3.16 3.83 4.33

Voltage (V) 5.48 5.48 5.48

The equation of the incidence angle is given by:

cos(θ)=(sin(σ ) · cos(β))+(cos(σ ) · sin(β) · cos(γ −A))

(19)

where A, solar azimuth angle; σ , solar altitude angle; β, solar
panel tilt angle; γ , surface azimuth angle; θ , Incidence angle.

The PV array current is given by (20) which takes into
consideration the incident angle of the PV panel.

IPV = Np

[
Isc · Irrad · cos(θ)

Ir_stc
− Is

(
exp

(
q

nK Tc

(
VPV

Ns
+ Rs · IPV

Np

))
−1

)]

− Np · VPV

Ns Rp
− Rs · IPV

Rp
(20)

Figure 19 shows the system responses after variation in the
tilt angle. This is done by changing this angle in the PV array
model several times during simulation and by fixing sun posi-
tion at zenith (A = 180◦ and α = 90◦) for constant irradiance
1,000 W/m2. For any position of the panel (variation on tilt
angle), the PV array voltage remains unchanged, and we can
observe that the proposed MPPT algorithm keeps its effec-
tiveness and tracks quickly the maximum power operating
point for any tilt angle.

In order to show clearly the responses of the PV power
system during the dynamic state for different tilt angles. The
different waveforms presented in Fig. 19 are zoomed and
shown in Fig. 20.

Table 1 shows the average values of PV array power, cur-
rent and voltage; respectively, these values are obtained for
constant irradiance 1,000 W/m2 and for different tilt angles
45◦, 30◦, and 20◦.

7 Conclusions

This paper has presented an improved MPPT algorithm used
to maximize the PV array output power by tracking contin-
uously the MPP which depends on atmospheric conditions
(panel temperature and irradiance). The PV power system is
modeled using the novel concept of “functional prototyping”
based on VHDL-AMS language and simulated on Simplorer
software. The obtained simulation results showed that the
proposed MPPT algorithm is able to accurately track MPP
with minimum power oscillations and it has proved itself to
be quite satisfactory, considering both transient and steady
state system.

In this work, we showed how a high-level language can
be used to model such complex system multi-technological
energy system gathering several disciplines at the same time,
and we also showed that using various levels of abstraction
from structural to functional level can make the design more
intelligible and more compliant.

This work presents a significant first step in developing
VHDL-AMS models of PV power systems and more gener-
ally of any renewable energy systems. The final objective is
to elaborate a complete library to give engineers a valuable
tool and a low cost platform for designing and validating
system at different levels of details and abstraction.
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