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Abstract—The problem of state estimation in PV systems is
considered. The system consists of PV panels, a long DC cable
which supplies a DC motor via a DC/DC converter. Generally,
PV systems are established near to the control unit of the
converter.The maximum output power tracking (MPPT) methods
and control lows are based on the PVG voltage and current
measurements. However, PV arrays must be placed in a site that
guarantees good solar radiation. In most cases, such a side is
at great distance from the control unit. Thus, the PVG voltage
and current measurements become difficult. To overcome this
issue, a high gain observer design is developed, in this paper, for
PV systems. The observer provides estimates of PVG voltage and
current using only current and voltage measurements in the other
side of the DC cable (converter side). The observer convergence
is formally analyzed and illustrated by simulation.

I. INTRODUCTION

Several works in literature are dealing with PV systems
control using various MPPT techniques. However, autors were
not concerned in the cable effects on PV systems control.
Mostly, it’s implicitly considered that the DC/DC converter
is connected closely to the PV generator and the cable is
not long enough to alter PVG voltage and current values. In
reality, there are situations where the distance between the
PV arrays site and the converters is graet, notably in water
pumping which is one of the most popular applications in the
use of PV-energy. This leads us to think about the infuence
of using long cables on the PV system control behaviour. In
fact, DC cable equivalent electric circuit, whose parameters
values are increasing proportionally as the cable lenght, may
affect considerably the system control performances. Hence,
MPPT techniques which are based on PV voltage and current
measurements couldn’t ensure the MPPT objective as the cable
equivalent circuit is not involved in the control laws designing.
The paper is composed of 5 sections. Section 2 is reserved to
the system modeling while section 3 is reserved to the system
observability analysis. Section 4 is devoted to the observer
design and section 5 is dedicated to the observer test and
simulation results.
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II. SYSTEM MODELING

Fig.1 shows the general diagram of the system. It consists of
a photo-voltaic generator (PVG) connected to a boost DC/DC
converter by a long two wires cable. The boost converter
supplies a DC motor.
The PV generator consists of a number of PV modules
associated in series and in parallel in order to provide needed
levels of voltage and current. The DC cable is represented
by its equivalent electrical circuit. The later consists of a
serial resistance R, a serial inductance L and two parallel
capacitances C'.
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Fig. 1. System diagram.

A. PV Generator Model

The direct conversion of the solar energy into electrical
power is obtains by solar cells. The equivalent circuit of
PV module and the (I, V},) caracteristics of the photovoltaic
generator are described in [1]-[4].

The PV array module considered in this paper is the SMS55.
It has 36 series connected mono-cristalline cells. The module
electrical characteristics are assembled in table I.

B. DC cable Model

The DC cable considered in this work is an unshielded
two wires cable. It consists of two parallel PVC covered
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wires. Fig.2 shows the geometric form and the dimensions of
the cable, while fig.3 presents its equivalent electrical model.
Values of the cable model parameters are given in table II.

TABLE I
ELECTRICAL SPECIFICATIONS FOR THE SOLAR MODULE
Maximaum power Py (W) 55
Short circuit current Iscr(A) 3.45
Open circuit voltage Voe (V) 21.7
Voltage at max power point Vi (V) 17.4
Current at max power point In(A) 3.15
K1(A/K) 4x 1074
rubber
];l\l/oc r1=0.69mm
y r=1.44mm
r3=4.55mm
D=2.00mm
S=1.5mm
|
n
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Fig. 2. DC cable section
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Fig. 3. Cable equivalent circuit

TABLE II
VALUES OF CABLE MODEL PARAMETERS
Resistance R(mQ/m) 65
Inductance L(pH/m) 0.28
Capacitance C(pF/m) 60
Conductance Vin (S/m) S)

C. Modeling the system (PV generator - DC line)

The system is described by the following equations :
dir, R 1

oL b o — = 1
d Lt gl gvm M
dvg 1 . 1

Y9 . 2
@ ottt @)
di,

29— (¢

gt u(t) 3)
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where,

ir, is the current throught the DC line, vy is the PV generator
voltage, i, is the PV generator current, v,, is the DC/DC
converter input voltage.

and p(t) is an unknown real bounded function which depend
of the PV voltage v, the solar radiation A and other factors.
Consider the state variables : x1 = ir ; To = vg ; T3 = ig4.
The boost converter input voltage v,,, is taken as the control
input v of the system. Then, the system state is expressed by
the following equations :

dz R 1 1

F R AR A @
dl’g 1 1

P - 5
7 Cg$1 + Cgms )
d.’)33

T p(t) (6)

In the next section the system observability is studied by
considering the DC line current z; as the output y of the

system. The state vector is noted z = [ 21 2o x3]%.

III. OBSERVABILITY ANALYSIS OF THE SYSTEM MODEL

According to the three equations (4), (5) and (6) above, the
system state has the following form (7):

{i‘ = G(z).x+ H(xz,u)+ Du(t)
y =

7
Cr (N
where © = [z; 2o x3]7 is the state vector, u is the
control input of the system , y is the system output, and the
matrices G(x), H(x,u), D and C are given as shown bellow :

1 R 1
Gx)=10 o 1 s H(z,u) = 1 :
Cy Cy o
0 O 0 0
0
D=|0];C= [1 0 O]
1
Now, consider the following state transformation:
&1
DR -R ==&
&3
xy
Ql(x) 1
Qz)= | Q@) | =| T | =Tz
Qs(z
3(7) )
— 3
LC,

Applying the transformation above, system (7) is described in
the new coordinates £ by the following equation (8):

{g‘ = AE+(u, €) + b(E)pu(t) (8)
Yy = C§=§1
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where the matrices A, C' and b(§) are defined as follows :

010 0
A=lo o 1|:c=0 0 o:ne=| °
1
0 0 0 ic,
and the ¥(&, v) function is a triangular structure given bellow:
R 1
P1(6r,u) A
V(w,§) = | v2(&1,&2u) | = _Lfl
LC,
¥3(£15 25§35 1) 0

One can easily check that 1)(&, u) is Lipschitz with respect to &
uniformly in « on IR3. Then, system (8) above is observable.
Thus, system (7) may be observable if the transformation ()
is regular for all z € R3. To check such a condition, one shall
only check that the Jacobian of Q(z) is full rank.The later is
given by (9) bellow:

1 0 0
0 l 0
Jo) = L )
0 0 1
LC,

Then Jo(,) is full rank, which implies that €2 is regular almost
everywhere in R3, consequently system (7) is observale.

IV. OBSERVER DESIGN

The proposed observer for system (8) is a HG observer
which is given by the following equation (10): [6]

€ = AE + (€, u) — 0T K (CE — ) (10)

where,

E=1[6& & &7 € R®is the state vector, u and y are,
respectively, the input and the output of system (8).

K = S~'C7 is the observer gain which is chosen so that the
matrix A — KC' is Hurwitz.

S is the symmetric positive define matrix satisfying the
algebraic Lypunov equation: S + ATS + SA + CTC = 0.
The function w(é ,u) has a triangular structure and is given
bellow :

R
— .
P(&u) _TOg&
0
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0 is a positive parameter.
Ay is given by the following matrix:

11
Ay = diag(1, =, —
0 Zag( I 9’ 02)
A. Observer stability analysis

Theorem. Consider the system (8) and assume that the
Sunction u(t) is bounded. Then,

Ja1>0; VO>max{l,a1}; In>0; Jop>0,; ILy>0;

VueU C IR3; VE(0) € IR?
1 6(t) = () || < m 6% " || 2(0) || +Lopo

Where £(t) is an unknown trajectory of the system associated
with the input u, £(t) is any observer trajectory associated
with (u,y), and g is the upper bound of u(t).

Proof.
Let z(t) be the estimation error:

2(t) = €(t) = £(1) A
i = (A—0A,'STICTC)2 + (& u) — (& u)

—=b(&)n(t)
Using the fact that: A, 'AAy = A and CTCAy = CTC,
and considering the variable change z = Ayz, then con-

sidering the quadratic function V(2) = z7Sz, one gets the
following final result :

/\max (S) _ 9 — Q7
2 || < 92 XZRAETL N Z(0) || expl—(———— )t
2]l < o (5) [12(0) [ exp[—(=—5—)1]
)\maoc(S) Ho
+2
V A'min(S) LCg (0 - al)
>\maz . .
Where, o = 27(3)7 with ~ > 0 is so that

1 8¢ (W& uw) = (&) | <yl 25

Amin(S) and A4, (S) are respectively the smallest and the
largest eigenvalues of the function S which is the symmetric
positive define matrix satisfying the algebraic Lypunov equa-
tion: S+ ATS +SA+CTC =0.

Thus, to find the parameters used by the Theorem it suffices

to set:
o )\max (S) C gp = 9 —
7 )\mzn(s) ' ¢ 2

—9 /\maw(s) 1
B \/ A7rnn(S) LCQ (9 - 041)

B. Observer equation in the original coordinates

and Ly

Applying the reverse of the transformation {2 to the observer
state equation (10), one obtains the dynamic equation (11)
bellow for the observer in the original coordinates x :

&= G(2)2 + H(#,u) — 0T A, STICT(C — y) (11)
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Fig. 6. Voltages vy and vy for § = 50000

V. SIMULATION RESULTS

The simulated system diagram is realized using Powersim
software (PSIM) while the observer is implemented whithin
Matlab-Simulink using an Mfile S_function . The system
consists of a PV generator composed of a photovoltaic array,
which supplies a DC motor of 0.5 KW, by an unshielded cable
of 50 m.

Simulations have been achieved using the following values
of the observer design parameters: k; = 8, ko = 6 and
ks = 2.5. The observer performances have been evaluated
by adjusting the gain parameter 6.

A simulation profiles for the DC motor load torque and the
solar irradiation have been defined as illustrated in Fig.4 and
Fig.5. Simulations have been achieved for many values of the
gain . The results given here are just for two values of 6 :
6 = 50000 and 6 = 65000.

We observed that the convergence of the estimated current ig
and voltage vyg is as perfect as the gain 6 is large. However,
as Fig.8 and Fig.9 show, for heigher values of 6, the observer
becomes noise sensitive. Hence, the parameter 6 should be
choosen as compromise between an acceptable convergence
and noise sensitivity of the observer.
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VI. CONCLUSION
In the present work, a high gain observer has been synthe-
sized and tested using a photo-voltaic system whithout MMPT
control. It has been shown by simulation that the convergence
of the PVG estimated voltage and current is guaranteed by
tuning adequately the estimator gain parameter 6.
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