A Study on DSP Conrolled Photovoltaic System with Maximum
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ABSTRACT -

system  are

The studies on the photovoltaic
extensively  exhaustible  and  hroadly
available resourse as a future energy supplv. In this
papeT, & new maximum power point tracker(MPPTY
using neural nelwork theory is proposed to improve
cnergy conversion efficiency. The boost converter and
neural network  controllerNNCH - were  emploved 50
that the operatng point of solar cell was located &t
the Maximum Power Point. And the back propagation
ulgorithmy with one input laver of two inpuis(E, CE)
and output lavertcontrol value) was applied 10 train a
neural network..

Simulation and  experimental resulls show ihat che
porformance of NNC in MPPT of photovoltuic arrav
i better than that of controller based upon the Hill
Chmbing Methaod.

[ . INTRODUCTION
Generation of ¢lectrical energy [aces many problems

todav. In a werld of growing environmental
awareness nuclear power plants [ind less and less

acceptance.  and  conventional power plants  are
criticized  because  of  their  CO»  exhaust. Thus
rencwable  energv svstems  are  becoming  morc

important than over,

One natural way of direcl voltage gencration is given
by the photovoltaic.

To obtain maximum power output from an array of
photovoltaice cells under changing insolation
temperature and load conditions, it 15 necessary to use
4 cireuit to optimize the electrical operating conditions
ol the wrav. This circuit, a MPPT, consists of a
power section and a control section.

This power reports on a design of a complete MPPT
comprising 8 PWM boost converter for power seciion,
and 4@ control  seclion  constructed  with  32bit
DSIPITMS320e31)

Generally, a hill climbing method is used to delermine
the maximum power poinl. The instantaneous current
and voltage are sampled and multiplied to obtain the
power. On the other hand, NNC is emploved so that
the operating point of solar cell was located al the
Maximum Power Point. The back propagation
algorithm with eonc input laver with iwo inputs; E
( dpph/ dl.pk), CE( output
layer(control vealue) was applicd to train a neural
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network. The proposed boost converter with MPPT
svstem is implemented by 32 bit DSP (TMS320C31).

. CHARACTERISTIC OF
SOLAR ARRAY

The curent-veltage—characteristic of solar cells and
nelr combination to larger units (solar generators) is
nonlinear and maybe described by the following
equation under consideration of the interior series and
shunt resistence[ 111227

L= Iy~ Ly Lexpl—er (V + LRI~ 11
where I7 and V7 is the output current and output
voliuge of a solar array, respectivelv: Ip;, is the
generaed curren: under a given mnsolation: Jg s

is the
1s the Boltzmann's

the sawurelon current of & solar array, ¢

charge quanuty of electron; K
constant. A 1s the ideality factor for a p-n junction.
- o .

T is the temperature of a solar array (°K ): R,
is the intrinsic scries resistance of a solar array, the
value 1s very small usually. The simplified equivalent

circuit of a solar array is shown in Fig. 1.
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Fig. 1 Equivalent circuit of a solar array.

The saturation current [y of a solar array varies

with temperature according to the following equation.

3 E
Lu=1, (] expl B2 (= 5)] @
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where [, is the saturation current at T,; T is
the temperature of a solar array (°K ); T, is the

reference temperature; Fgg is the band gap energy
of the semiconductor used in the solar array.

Fig. 2 shows current, vollage and output power
relation of a photovoltaic module used in the field.
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Fig. 2 Characteristics of a PV array used in the field
[Ins-G60 w/m®, T=752°C1.

The power cutpul of a pv array depends significantly
on  the  array  characteristics  and  the  loading
conditions, Tyvplcal 1-V and P-I characteristics of a
solar cells are shown in Fig. 3. It is seen that the
power output from a solar cell is maximum only if
the load 1s operaed al maximum power point(MPP).
The MPP is not a [ixed point. The I~V
characleristics ol solar cell shift with changes in
insolation  (solar radiation in kw/m”) and the cell
temperature. Hence MPP also becomes a function of
insolation and coll temperature3].
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Fip. 3 I-V characteristics of a PV panel.

M. Neural Network Controller

The objective of the control section is to track and
extract maximum power [rom the PV amays for a
given solar insolation.

Normally & DC-DC converter is utilized between the
input source and the load for MPPT.

In this paper, to control DC-DC converter for MPPT,
an adaptive feedforward control system including a
neural network control is proposed. It also provides
the path of error backpropagation for a neural

network adaptive control system. The NN shown in
Fig. 4 consists of inpul layer with two inputs, one
hidden layer with five hiddens and output layer with
one output,

u

net

J
LDy

WJ|

(o]

E CE
Tig. 4 The used NN architecture.

The backpropagation algorithm with one input layer
of two inputs; E( &b/ dis), CE( change of E) and
outpul layer(control value) was applied to (lrain a
neural network.

For choosing the weights of network,
procedure is  required to secure an  expected
input-output  relationship. The network, before
training, have only random Initial weights. So
erroneous plant input will cause an erroneous output.
A plant output is compared with the reference signal
to calculation crror signal between a plant output and
reference signal. Then, error signal is used to training
weights in  the network through error back
propagation algorithm. A plant output traces to
the reference inpul signal by repetitive training and
the network 1s made mature. Eventually the plant
output error will decrease to zero., The error in the
output layer of the NNC should be clarified in order
to adjust the welghts of the network through the

training

back propagation algorithm. the subscripts £ , 7 and
E  match to hidden

respectively, and the output of the
oufput layer 18

output layers,
k-th node in the

input, and

O0,= A net,) (3
Input #ef; to A-th node in the output layer is
nety= 2, W0, (4)

and Wy is the weight [rom unit 7 in the hidden
layer to unit % in the output layer. Similarly, the
output of the j-th node in the hidden laver is

O;= f (net) (5)

where Ax) is sigmoid function given by
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_ 1

Squared error function on inpul patterns is
E,=L13Y1,—0,)? (6)
P9 ; b Pk
and. Average value of (rror square is
1 .
bzgg‘.ﬁ( tyi— O, (73

the derivative the backpropagution aleorithm for a
specific pallern £ 1s driven |, that is, find a minimizing
sequence of B

Using the gencralized delta rule for the nel with
hackpropagation of error[31[4]. the deltas are given by
the [ollowing expressions

8, = 0,1~ O;;)( rpy= Op) (&)
8;: O,(l_ O]-)Zé‘k,wh. (9

for the outpul layer and hidden layer, respectively,
where 7 1s the larget. In order to avoid a shallow

laci) IMITILINum momenium 13 added |18
backpropugation learning by making weight changes

equal 1o sum of a fraction of the previous weight

change  and  the new  change  suggested by e
backpropagation rule:
.”_1?,(,'/\.,'([”‘*‘ 1)2 7 6,{0,4‘ Q’A?A)kj( f) (10}
dw(t+1)= 76,0, + adw, (D (1

where 7 is the leaming rale, o

which determines  the

is the momentum

constant effect  of

nast

connection weight changes on the current direction of

movement in connection welghts space. and ¢ is the
iterotion step for which a sl of inpul patterns are
presented to the net,

BlE T =

=50
+
Fig. 3 Neural nelwork controller
Proposed neural network controller has two

inputs(error, chang error) and an output to plant
inpul value in Fig. 5.

IV. PHOTOVOLTAIC SYSTEM WITH
BOOST CONVERTER

Fig. 6 Boost converter for MPPT,

Fig. 6 shows lolal diagram of boost converter [or
MFPPT. A/D converter is converted to digital from
analog of solar cells voltage and current.

Actually, PV array vollage and current, which are
measured continuously hyv voltage divider and Hall
senser. becomne inpul data 16 bit A/D converter of
DSPITMS320C310)  wand IV pOWer can  be
calcufated by i, We have focused on SISO plant,
which contre] is determined on two crilera relaling to
wwo input variables of proposed  controller. namely
aror(E) end changing error(CE) al a sampling mistant
ko The variable F and CIE are expressed as follows -

array

Pul) = Py (k= 1) -
Z.jyh(k) - Z-/)/{ (}\7_ 1) o

CE(R) = E(B)— E(k~1) (13

Bk =

where Pp/z< }E) and Z'M(fl?) are the power and curreni

of the PV array. respectively. Therefore. E(k) is zero
Al maximum powcr point of a PV array.

V. SIMULATION RESULTS

For simulation of PV amray systermn, Eq.(l) is used.
All elements (MOSTTET, diode, inductorcapacitor) of
boost converter 1s assumed to be ideal. Fig. 7 - Fig.
O show the simulalion results of the conventional hill
climbing mecthod. And, Fig. 10 - Fig. 12 show the
simulation results of proposed controller in the field. It
confirms that the Neural Network Controller shows a
good performances compared with conventional
method.
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Fig. 8 The power versus vollage loci in the
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Fig. 10 PV array power in the
field(Ins=1016 w/m?).
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Fig. 11 The power versus voltage loci in the
field for MPPTIIns=1016 w/ m?].
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Fig. 12 Time-PV array voltage & current relation in
the field(Ins=1016 w/m*].

VI. EXPERIMENTAL RESULTS

Fig. 2 shows that the sign of Elerror) is positive an
the left hand side of maximum power point while
negative on the right hand side and zero at maximum
vower point. For a boost converter, therefore, duty
ratio should be decreased for the negative £ and
should be increased for positive £ s0 as to shift the
operating point towards the maximum point.

In this paper, experiments are implemented in the
field photovoltaic modules in parallel. The PV atray
current  and  voltage are measured by  Hall
sensor(100A/10V), Resistor divider.

Fig. 13 - Fig. 15 show the experimental results of the
conventional hill climbing methed in the field[lns -
450-500 w/m*, Load=202]. Also, Fig. 15 - Fig. 17
show the experimental results proposed controller in

the field(Ins = 450-470 w/m°, Load=202]
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Fig., 15 IV wray voltage versus power loci at
hill ¢limbing method

(Tns - 450-500 w/mg, Xo 5V/div, Y SW/div),

TFig. 16 PV array voltage versus power loci at neural
network mcthod
(Ins=450-470 w/mz, X 10W/div, Y: 10V/div).
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Fig. 14 Experimental results of Vs T Fig. 17 Experimental results of Vi, Ipn (upperivoltage.
(uppervoltage, lowericurrent, 10V/div,2A/div). lowericurrent, 10V/div,1A/div).
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Fig. 15 PV array power( 20W/div). Fig. 18 PV array power in neural nelwcrk method
(10W/div).
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VI. CONCLUSIONS

In this paper, a new Maximum Power Point
Tracker using Neural Network Controller {s proposed
and applied to boost converter.

The photovoltaic array conversion system in the field
is studied with proposed control algorithm by
simulation. From the action results, the field test is
studied with proposed algorithm by experiment and is
implemented by using 32bit DSP(TMS320C31).

We are confirmed to superiority of new control
method compared with the hill climbing method.

As a results, the proposed controller is more
efficient than conventional controller on energy
conversion.
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