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Abstract: An experimental environment for rapid
prototyping  of maximum power point tracking
algorithms  to  control  converter interfaces of
photovoltaic sources is proposed. The environment
requires standard laboratory equipment, an oscilloscope
and a signal generator, and interfacing these instruments
to a personal computer enables fast and easy
implementation and debugging of control algorithms.
Several algorithms are implemented and experimentally
verified, proving the system to be a user friendly and
flexible design environment.
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1. INTRODUCTION

Increased interest in renewable energy sources has
drawn attention of the power electronics research
community towards maximum power point tracking
(MPPT) algorithms that are used in photovoltaic (PV)
systems to maximize the output power regardless the
weather conditions. MPPT algorithms might be quite
complex [1-4], and a facility for efficient algorithm
prototyping and verification became a need. In this
paper, such a system is proposed, being based on a
general purpose personal computer to implement the
algorithm and standard laboratory equipment [5, 6] to
perform measurements and to actuate control.

A PV system for charging a battery using a DC-DC
flyback converter as an interface is described in this
paper. Block dagram of the system is shown in Fig. 1.
The system implements a MPPT algorithm based on
perturb and observe optimization method which runs on
a personal computer with GNU/Linux operating system,
Ubuntu 15.04. The algorithm is implemented in Python
[7], using appropriate modules [8-12]. To measure
electrical parameters of the PV panel, a standard digital
oscilloscope [5] is used to get current and voltage

samples, being computationally processed to measure the
PV panel output power. To close the loop, having duty
ratio as a control variable, a programmable function
generator [6] is used. In this manner, by using free
software and standard laboratory equipment, complete
insight in the system operation, easy debugging, and
rapid and cost effective prototyping are achieved. The
system might be of interest both for educational [13] and
for research purposes.
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2. THE POWER PROCESSING SUBSYSTEM

To provide galvanic isolation, required by intended
final application of the system, flyback converter is used
to interface the PV panel and the load, as shown in
Fig. 2. The choice is made having in mind that flyback is
the simplest isolated DC-DC converter, but concept of




the system supports any pulse width modulated
converter, and with minor software modifications
supports even current mode controlled converters. In the
power processing subsystem, the load is represented by a
battery, which corresponds to the actual system, and the
converter output capacitor C is used to filter out the
converter ripple utilizing parasitics of the circuit, since
the spatial distribution of the system components
requires relatively long conductors between the solar
panel and the converter, as well as between the converter
and the battery, resulting in relatively large parasitic
inductance that might be utilzed for filtering. At this
stage, efficiency optimization is not performed, but in
final application the flyback converter is likely to be
applied in the two-switch version, to recover the power
taken by the leakage inductance.

To estimate design specifications for the converter,
output characteristics the available solar panel are
recorded at various insolation levels, and the resulting
Vpy (iPV) curve is shown in Fig. 3. The curve indicates

that the voltage range up to 22V and the current range

up to 0.6A cover all possible values at the input of the

flyback converter with a sufficient margin.
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Fig. 4. The photovoltaic panel, p,, (iPV)

The curve of Fig. 3 results in the p,, (iPV) diagram

shown in Fig. 4, which is obtained from the data
presented in Fig 3 computationally. Keepeing the system
operating at the power maximum for a given insolation
level is the task of the control system, and the algorithm
is implemented by a personal computer.

3. THE CONTROL SUBSYSTEM

As already stated, the rapid prototyping control
system is in the focus of the paper, and it is shown in
Fig. 1. The output voltage and the output current of the
PV panel are sensed using oscilloscope TDS 1000 taking
the waveform shot of 2500 samples [5]. The samples are
acquired via RS232 connection [8] and averaged using
[9]. Output power of the solar panel is computed next.
On the basis of the obtained power, a MPPT algorithm
[1-4] assigns the switch duty ratio, which is a control
variable, and sends the information to Agilent 3320A
signal generator using VXI11 protocol [11, 12] and SCPI
commands. The system could easily be generalized to
current mode controlled converters such that the dc
signal that represents the current reference is generated
by the signal generator, instead of the pulse train with the
controllable duty ratio. The algorithm is implemented in
Python 2.7 [7] using already mentioned modules for
RS-232 and VXI11 communication, and NumPy [9] for
numerical computation and hanling of array objects.

4. EXPERIMENTAL RESULTS

To verify the concept, a system is built and tested.
Developed technology provided capability to measure
and store PV panel output plane parameters for different
insolation levels, as already shown in Figs. 3 and 4,
which was the first result obtained when the system was
in the design stage. Keeping the operating point of the
PV panel at the maximum power point at any irradiation
level is the aim of the control algorithm. A fixed step
duty ratio version of the perturb and observe algorithm
[3] was implemented first, as shown in the flowchart
given in Fig. 5.

Transient to steady state is shown in Figs. 6 to 9. In
Fig. 6, the startup transient is performed with different

values of d,, keeping the remaining parameters as

stable as possible. It is shown that increased d,

reduces the transient duration, but also increases
trembling around the optimal operating point. It is
interesting to note that in the diagram of Fig. 3 the blue
line (case d,,, =1.6%) captures an event when the sun

had been partially shadowed by a cloud, which was an
event that was not under control during experiments. In
the case d,,,, =0.8%, obtained diagrams of the solar

panel output current, the output voltage and the output
power are presented in Figs. 7, 8, and 9, respecitively.
Transient towards the steady state and trembling around
the maximum power point could be observed.

The case of d,,, =1.6% recorded in the diagram of

Fig. 6 is investigated further, and the diagram of the
power taken from the photovoltaic panel is provided in
Fig. 10. Relatively fast response of the system to
variation of the solar panel insolation could be observed.



Recording of this diagram was not an original intention 0.6
of the authors, but occasional shadowing of the solar
panel provided us with the opportunity to illustrate the
system dynamic response in a real situation.
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After the fixed duty ratio step algorithm of [3] was
sucessfully mplemented, next goal was to implement a
more complex algorithm, with an adjustable time step, as
described in [4]. Motivation behind the algorithm was to
avoid compromising between the transient response time
and steady state trembling, depicted in Fig. 6, by
applying variable duty ratio step, such that the step is
reduced during intervals of low variation in the solar
panel insolation. The method is implemented, and the
result is shown in diagrams of Figs. 11 to 13, where the
duty ratio, the harvested power and the photovotaic panel
voltage are shown during the system startup. Increased
duty ratio step in the areas of significant change of the
operationg point could be observed, as well as the
reduced step around the steady state operating point. The
algorithm has been implemented easily, due to the
flexiblity of the system and the programming
environment.
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5. CONCLUSIONS

In this paper, an experimental environment for rapid
prototyping of maximum power point tracking
algorithms to control converter interfaces of photovoltaic
panels is proposed. The environment requires standard
laboratory equipment, an oscilloscope and a signal
generator, and interfacing these instruments to a personal
computer enables fast and easy implementation of
control algorithms. The algorithms are implemented in
Python, which is a high level programming language
with dynamic typing, and it provides user friendly
environment for the rapid prototyping. The same
programming language is applied to provide
communication to instruments to measure the
photovoltaic panel operating parameters and to actuate
the control variable, which was a duty ratio in current
implementation. Results of implementation of two
maximum power point tracking algorithms, with the
fixed duty ratio step, and with variable duty ratio step,
are presented. Both algorithms are based on perturb and



observe method of the hill climbing optimization
method. The system, entirely based on free software, was
proven to be usefull for rapid prototyping.
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