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Abstract
A new analog technique is proposed in order to track the
Maximum Power Point (MPP) of PV panels. The proposed
technique uses the well-known simple functions of electronic
circuits. The proposed technique is validated by applying it to
Boost based off Grid PV system. The simulation of the PV
system was done on the circuit oriented simulator ProteusISIS. A good efficiency of the analog technique (more than
98%) was registered. The variation of irradiations was
introduced in order to study the robustness of the proposed
analog MPPT technique. A prototype of an off-grid PV system
using the proposed analog technique is realized with discrete
devices and it's feasibility is proved. In future, a new analog
circuit can be realized in an Integrated Circuit to replace
classical techniques based on µprocessor solutions used in PV
systems.
Keywords: Photovoltaic system (PV) , Maximum Power
Point Tracking (MPPT), Analog technique, specific IC.
INTRODUCTION
Currently, the production of domestic and industrial energy is
based, in large part, on a limited resource: oil. Oil sources are
becoming more and more rare, while the word energy demands
rise continually. Oil energy covers a large part of the current
energy production, so it is necessary to find another alternative
to manage. The imposed constraint is to use an economical
energy source less polluting since the protection of the
environment has become an important objective [1-3].
The search for alternative energy resources has therefore
become a crucial issue these days. Many scientific researches
has been carried out, not only in the field of nuclear energy
production, but in the renewable energy sources too, like wind
power generation and energy transformation. In the latter case,
the design, optimization and realization of photovoltaic systems
are topical issues since they lead to a better exploitation of solar
energy [2].
These photovoltaic powers generating systems can be operated
in different Places: electrification of isolated sites, installation
in buildings or direct connection to Network of electricity...
The main objective of PV systems is to supply loads with a
maximun power from PV generators. Fuzzy Logic Method
[4,5,6,10], perturbation and observation (P&O) method
[5,6,8], and Incremental Conductance (Inc.Con.) method
techniques [7, 9-11] are developed and implemented for many
years ago.

The complexity of the last techniques are described in [4-712]. They are digital implementations and differ in
convergence speed, their implementation hardware, cost and
many other aspects.
Alternatively, analog circuits can be used to implement the
MPPT [13-20]. The analog solutions have the advantage to
integrate the MPPT with the DC/DC converter such that “plug
and play” can be expected for low power PV applications. In
fact, the integration functions into a specific PWM controller
chip is requested for special applications to reduce the
implementation complexity and system cost.
In [13], for the track of the maximum power point of
photovoltaic arrays, dynamically rapid method is used, it is
known as ripple correlation control. The technique principle is
based on the signal ripple automatically present in power
converters. The ripple is considered as a perturbation from
which a gradient ascent optimization can be implemented. The
higher efficiency reached by this technique is 97.2%. In [14]
the authors presents an analog version of the “P&O-oriented”
algorithm. The technique efficiency is higher than 99% but it
use more than thirteen discrete functions and two multiplier
circuit. In [15] an analog technique using two voltage
approximation lines (VALs) that approximate the maximum
power point (MPP) locus is proposed. Only simulation results
are shown and more than four multiplier circuits are used. An
efficiency higher than 98% was registered. Authors in [17] use
a wide range current multiplier, which tracks the maximum
power point (MPP) in the solar system. A slope detection
circuit, detects the sign of the dP/dV slope at the operating
point. The registered MPPT efficiency is around 97.3%.
In [18], the operation principle of the proposed analog MPPT
technique is based on a truth table deduced from P&O
algorithm. Several logic gates are requested to implement the
MPPT algorithm. Scaled VPV and PPV values are stored using
capacitor based storage cells . The number of used discrete
devices is higher than twenty three. The registered efficiency
is around 99.5%. In [19] and [20], the reached MPPT
technique efficiencies is 99.1% and less than 95%
respectively.
In this paper, a novel analog MPPT technique suitable for PV
system applications is presented and validated by simulations
and experiments. In fact boost converter was considered to
transfer the PV panels generated power to the DC load. The
proposed analog MPPT tracker was realised using discrete
devices. The future object of this work is to integrate the
proposed analog MPPT technique in a specific integrated
circuit.
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Vmp = Voc -

SOLAR CELL CHARACTERISTICS AND PV MODULE
PV modules consist of many PV arrays linked in parallel and
series.
A PV cell can be modeled from the equation defining the static
behavior of the PN junction of a conventional diode. Thus,
Fig.1 illustrates the electrical equivalent scheme of a real PV
cell. In this equation, the short-circuit current and the various
resistors modeling the losses due to the connection are taken
into account. Thus, in static state, the behavior of a PV cell
made up of a silicon-based PN junction can be described by
equation (1) [15-16].
V
Ipv = IPH - ID -  D
R
 P






(5)

The series connection increases the module’s voltage
whereas the parallel connection increases its current [16].
At the temperature 25°C and irradiation of 1000W/m2, Table I
shows the electrical characteristics of the used PV module
given by manufacturer data sheet [17].
Table 1: Typical Electrical Characteristics of a PV Module
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Figure 1: Equivalent Circuit Of Solar PV cell.
The primary solar cell equivalent circuit can involve a current
source in parallel with a diode and a shunt relatively large
resistance (Rp), in addition to a usually small parasitic series
resistance (Rs). However, Rp is mainly attributed to the p-n
junction, the non-linearity, and impurities near the junction [1516].

The track of the maximum power point of the PV panel’s
curve is done by the Maximum Power Point Tracking (MPPT)
method
These MPPT techniques bring the operating point of the PV
array to its maximum power output PMPP for any irradiation
and temperature.

The current ID is given by the Shockley equation:
qV


ID = I0  Exp(
) -1
nKT 


(2)

Where I0, q, k and T are respectively the cell’s reverse
saturation current, the charge of electrons, the Boltzmann’s
constant, the cell’s working temperature. n is the diode ideality
factor and V is the voltage across the diode terminals.
The PV module characteristic has a current boundary called
short circuit current Isc =IPH and a voltage boundary called open
circuit voltage Voc given by the following equation.
Voc =

nKT   I
ln 
q  I
  0






(3)

The maximum power point of the PV module is given by the
product of it's voltage (Vmp) and its current (Imp) at the
optimum power point. It can be derived from the following
condition.
d(V * I)
=0
dV

and

(4)

Figure 2: I-V, P-V characteristics of a solar cell showing
MPP.
Fig.2 shows the (I-V) static characteristic and power-voltage
(P-V) curve of PV panels.
In this paper, a design of a photovoltaic system equipped with
a new analog Maximum Power Point Tracking (MPPT)
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technique is studied. The proposed PV system is composed by
a switch-mode DC chopper, the control and the tracking
system. The performance of the proposed analog technique
performance was shown by using Proteus-ISIS simulation tool
[18].



The output current of the PV array is read by a shunt
resistor (Rsh).



the PV generated supply voltage is read using a “R1
and R2” voltage divider.



The output power of the PV array is computed using
an analog multiplier .

A. Typical PV System using Proposed Analog MPPT
Controller



A reference power signal generated by Pref generator
block . Pref signal has a constant magnitude (+15V),
adjustable period Ts and constant T off (few
millisecond). The slope rates values of the P ref
waveform can be modified too (Fig.6).

The two main categories of PV systems are grid tie and stand
alone. In our case, we have chosen to develop the analog MPPT
controller on a simple and classical stand-alone PV system.
Specific equipments are required to control, transfer, distribute,
and store the energy produced by the PV arrays. Fig.3 shows
the basic block diagram of a typical off grid PV system that has
been used in our application.

The generator function is based on NE555 integrated
circuit.


The real generated power (Preal) is compared to the
reference power signal (Pref) is done using comparator
(2).



The detection of the MPP of PV arrays is performed
using hysteresis (2) block. This block will control the
Hold circuit, it's output commute to (+15V) when the
comparator (2) output reach ɛ3 indicating the failover
of the panels operating point to the left side of the
P(V) characteristic (point C in Fig. 2).



A hold circuit which can block the value of the
reference signal (Pref) and gives Pblocked signal. The
blocked value is slightly higher than the MPP of the
panels arrays. When Pref is blocked, the panel
operating point is in (C).

The different blocks constituting the system are:
 The PV panels.


Load; in our case a simple impedance.

 DC-DC boost power converter. In this case the output
voltage is higher than the one delivered by the PV
panel. The converter involves one controlled switch
(Mosfet or IGBT).
The semiconductor device is controlled by a variable
frequency and duty cycle (α) driving signal.


PV array

Analog MPPT controller. Allow the track of the
maximal power point of the PV array, which depends
on climate conditions [19]. The power point of the PV
panel is then brouhgt to its maximum. The principle of
the analog controller consist on the variation of the
duty cyclic (α) of the DC/DC converter in order to
continuously maximize the power of the PV array
output.
DC/DC
converter

Resistor
bridge
L

I pv

Load
D

R1
vpv

S

C

R2

Rsh

Mosfet Driver

V oltage sensor
C urrent sensor

Maximum Power
Point tracking
(MPPT)

Figure 4: The synoptic diagram of the whole photovoltaic
technique.

Figure 3: Block diagram of a photovoltaic system adapted by
DC/DC converter and analog MPPT control.
Fig.4. shows the synoptic diagram of the proposed
photovoltaic technique. The operating point of the PV panels
is computed based on reading the voltage across the panels
and current through them.
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An RC cell which generates a pulse when the
maximum power is reached (define the values of ∆V2
and (∆V1+ɛ3) of the generated power shown in Fig.6).
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The subtraction block produces Pgenerated from blocked
Pref and the RC circuit outputs. This bloc output allows
to bring the panel operating point from (C) to (D) and
to obtain, in the steady state, the optimal value of the
power detected by our technique (point E in Fig.2).



A comparator (1) which calculates the difference
between the Preal and the Pgenerated for real current
regulation loop.



The hysteresis (1) allow to impose the real power in a
band around the optimal power (Pgenerated waveform) of
the PV panel obtained by our technique. If the error
between the real power Preal and the generated power
Pgenerated exceeds the upper or the lower limit of the
hysteresis band, the real power Preal is decreased or
increased. The instantaneous control and the simplicity
of the hysteresis technique make it more attractive
than other control techniques. The output signal of the
hysteresis block is injected to the Mosfet driver in
order to control the DC-DC boost converter.

side of the P(V) characteristic (point C). At this situation, the
Hysteresis (2) act on the Hold circuit in order to block the P ref
signal and obtaining the signal Pblocked.
In the above situation, the real power can't be regulated to the
blocked value which is slightly higher than the maximum
power Pmax and the panel operating point will decrease to zero
of the left side of the P(V) characteristic (the increase of boost
duty cycle decrease power in the left side of the P(V)
characteristic).
In order to avoid the above behavior of the operating point, the
Pgenerated signal is created in order to regulate real power to this
signal in the rest of the time T on. In fact, the panel operating
point should be brought, from point (C), to the right
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Figure 5: The hysterisis (1) and the hysterisis (2) transfer
functions.
The transfer function of the hysteresis (2) and the hysteresis
(1) blocks are shown in figure 5.
B. Proposed Analog MPPT Controller Principle
The goals of MPPT techniques consist to vary PV output
current in order to reach the maximum power.
Fig. 6 shows the principle of the proposed analog technique
using powers waveforms. If the real power Preal is lower than
the maximum power P max (between A and B of the
characteristic P(V)) it should follow the reference power (Pref)
generated by the Pref generator block. Pgenerated and Pblocked
signals are equal to Pref while the error between P ref and Preal is
within hysteresis (2) tolerance band. The Preal signal is
regulated to Pgenerated signal by Hysteresis (1) band.
When the reference signal Pref increase and if the actual real
power couldn't pursue this signal (the maximum power P max is
reached), the panel operating point will be brought to the left

Figure 6: Different Power waveforms evolutions and the
corresponding PV panel operating point change.
side of the P(V) characteristic (point D). A first order pulse
(generated by the RC cell bloc) is declined from the blocked
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signal Pblocked and Pgenerated signal is obtained. Since the Preal
signal is regulated to the Pgenerated signal by Hysteresis (1), the
panel operating point goes within its tolerance band (point D).
During this transition, the operating point pass by the
maximum power value (B).
The regulated real power pursue Pgenerated until the operating
point (E) slightly lower than the maximum value P max.
The hysteresis bands and first order pulse magnitude are
chosen so that the operating point (E) is below the operating
point (B) in the right side of the P(V) characteristic.
At the end of the (Ton) and when the Pref signal decrease and
become lower than actual power P real (ɛ4 is exceeded), the
hysteresis (2) react and cancel the hold bloc control signal, the
Pgenerated and Pblocked signal become equal to the reference signal
and the regulated actual power Preal decrease too and reach the
operating point (A).
-Vhysteresis 2
D1

R3
12k

R9
20k

C3
150nf

The initialisation phase was then started and will continue
during the time Toff.
The value of ∆V2 is fixed by the RC cell circuit and it is
choosen given by the following condition.

V 2   2   3

(6)

The used circuit of the RC cell bloc is given by Fig. 7. The
input signal of this circuit is the inverse signal (-Vhysteresis2) of
the Hysteresis (2) bloc output.
Fig. 8 shows the proposed MPPT analog technique circuit.
C. Simulation Results.
The proposed MPPT technique, power converter and PV
arrays models are implemented in the Proteus-ISIS circuit
oriented simulator. For different irradiance conditions, the
different voltage waveforms corresponding to the above
mentionned power are registered and shown in Fig. 9. It's clear
that the real power converge, during the steady state, to a value
(E) slightly lower than the array maximum power (B). The
difference between the generated Preal power and the optimal
panel power contribute to the performance assessment of the
proposed analog technique.

To summation bloc
R8
1.45k

Figure 7: The RC cell Bloc circuit and it's input/output
voltage waveforms.

Figure 8: The proposed analog MPPT technique circuit.
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Figure 9: Tracked maximum power under variable solar
radiation.
The efficiency of the proposed MPPT technique was computed
for different Ton values. Fig. 10 shows the evolutions of this
efficiency as a function of radiation intensity for two T on
values (Toff=4ms). The effenciency was calculated by the
following equation.

Ts
 P
0 real
η=
Ts
 MPP
0

(7)
Figure 11: Photo of the realized PMMT control circuit and
the Boost power circuit

99,0

The boost converter allow the connection and the power
transfer of the generated power by the panels to the output
load (DC bus).

98,5

Efficiency(%)

98,0

The control signal of the IGBT component is generated by the
MPPT control circuit. Fig. 11 shows the photos of the realized
MPPT control circuit and the Boost power circuit used to
connect PV panels to the DC load.

Ton=2s
97,5
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Fig. 12 shows the static characteristics of the used panel
obtained by experiments.

96,5

300

400

500

600

700

800

900

1000

Radiation (w/m²)

Figure 10: New MPPT technique efficiencies for unipolar
input reference Pref
EXPERIMENTAL VALIDATION OF THE PROPOSED
MPPT TECHNIQUE
For this purpose, the Boost converter is realized, the used
semiconductor devices are the STGW30V60F N-channel
IGBT Transistor and the STTA3006P Diode.

Fig. 13 shows the curves of the real and the generated power
signals by the proposed analog technique. It is clear that Preal is
brought to the P generated signal whose magnitude is considered
close to the optimal power of the PV panel (E) at a given
irradiation. The signal Vhysteresis2 is the signal allowing the
blocking of the Pref signal to the Pblocked signal whose
magnitude is slightly higher than Pmax..
A zoom was done on the Preal waveform in order to show the
transient behaviour of this signal just when the optimum
power of the panel was reached.
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the change of the MPPT technique’s efficiency as a function of
irradiation.
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Figure 12: Experimental evolution of the I(V) and P(V)
panel characteristics.
Figure 14: Preal experimental curve for higher T on (800 ms)
(Preal in brown).

Figure 13: Preal, Pgenerated and Vhysterisis2 experimental
waveforms.

Figure 15: Preal experimental curve when the irradiation vary
(Preal in brown).

We notice that in all experimental waveforms, the T on duration
value of the Pref signal was chosen low (around 50ms) in order
to see easily the transient phenomena of the P real evolution in
oscilloscope. In practice the value of T on can reach a higher
value and Toff a lower value (Fig. 14) in order to increase the
efficiency of the system as it is explained in III.C and shown
in Fig. 10.
When the irradiation vary, the proposed MPPT control detect
the optimum panel generated power corresponding to these
irradiations. Fig. 15 shows the curve of Preal when the
irradiation vary.
In order to increase the efficiency of the proposed analog
MPPT technique a bipolar (+15V/-15V) Pref signal is used. In
fact, when the variation of Pref become equal to 30V, the
relative error generated by the proposed MPPT technique, in
order to detect the optimum power, decrease. Fig. 16 shows

We notice that the maximum efficiency reach 99.3% at
1000W/m2. In literature, the various classical P&O or
conductance incremental algorithms yield MPPT efficiency
between 95% and 98%.
Beyond a Ton duration equal to 2s, the efficiency of the
proposed technique tends to 99.5%.
In the proposed analog MPPT technique, we obtained a good
efficiency of the technique compared to the analog techniques
proposed in literature (varying between 95% and 99.5%). If
we compare our technique to the best one, allowing a
comparable efficiency, published in literature, we can find that
the proposed technique use a low number of discrete devices
and only one multiplier circuit is used. The technique good
efficiency associated to a low number of electronic functions
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can be promising and the integration of the proposed analog
MPPT solution can offer an interesting IC circuit.
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CONCLUSION
A new technique to track the maximum power point operation
using analog MPPT controller is proposed in this paper. The
proposed MPPT control strategy has the ability of fast tracking
of the MPP for PV systems. It uses DC-DC boost converter.
Through simulation by Proteus ISIS, the accuracy and
feasibility of the proposed method was validated.
Experimental investigations are done in order to validate the
proposed analog technique. In fact, a step up converter and the
control circuit corresponding to the proposed technique are
realized. Experimental results are in agreement with the
expected targets. The idea proposed showed its accuracy to
detect the optimal generated power by the PV panels.
The proposed analog technique, regarding to it's efficiency and
the number of used circuit functions, is considered as a good
one compared to those proposed in literature. In future, this
analog MPPT technique, will be integrated in a monolithic
circuit.
ACKNOWLEDGEMENT
This paper contains the results and findings of a research
project that is funded by King Abdulaziz City for Science and
Technology (KACST) Grant No AT-130-35.
REFERENCES
[1]

T.Mrabti, M.ElOuariachi, R.Malek, Ka.Kassmi,
B.Tidhaf, F.Bagui, F.Olivié and K. Kassmi “Design,
realization and optimization of a photovoltaic system
equipped with analog maximum power point tracking
(MPPT) command and detection circuit of the
dysfunction and convergence the system (CDCS)”,
(IJPS) International Journal of Physical Sciences Vol. 6

2419

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 5 (2018) pp. 2412-2420
© Research India Publications. http://www.ripublication.com
Panels' 7th International Renewable Energy Congress
IREC'2016.
[15]

J.M. Enrique, J.M. Andujar, M.A. Bohoérquez “A
reliable, fast and low cost maximum power point
tracker for photovoltaic applications ” Solar Energy pp
79-89 (2010)

[16]

G.El-Saady, El-NobiA.Ibrahim, Mohamed EL-Hendawi
“Simulated Annealing Modeling and Analog MPPT
Simulation for Standalone Photovoltaic Arrays”(IJPEE)
International Journal on Power Engineering and Energy
,pp 353-360 , Vol. (4) , No. (1), January 2013.

[17]

http://www.jasolar.com/uploads/JAP6%2060%20245265%203BB.pdf.

[18]

http://www.labcenter.com/index.cfm.

[19]

Chun-Yu Hsieh, Chih-Yu Yang, Fu-Kuei Feng, and KeHorng Chen “A Photovoltaic System with an Analog
Maximum Power Point Tracking Technique for 97.3%
High Effectiveness” IEEE 2010 .

[20]

Mohamed Azab “A New Maximum Power Point
Tracking for Photovoltaic Systems” (IJEEE)
International Journal of Electrical and Electronics
Engineering , 2009.

[21]

Zhigang Liang , Rong Guo , Alex Huang “A New CostEffective Analog Maximum Power Point Tracker for
PV Systems” IEEE 2010

[22]

Sang-Keun Ji, Du-Hee Jang, and Sung-Soo Hong , “
Analog Control Algorithm for Maximum Power
Trackers Employed in Photovoltaic Applications” (JPE
)Journal of Power Electronics, pp 503-507 Vol. (12),
No. (3) , May 2012 .

[23]

M. El Ouariachi, T. Mrabti, B. Tidhaf, Ka. Kassmi and
K. Kassmi “Regulation of the electric power provided
by the panels of the photovoltaic systems” (IJPS )
International Journal of Physical Sciences ,pp 294-309 ,
Vol. 4 (5), May 2009 .

2420

