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Abstract: This study presents a new control strategy for a three phase PWM converter, which consists of
applying an adaptive backstepping control. The input-output feedback linearisation approach is based on the

exact cancellation of the nonlinearity, for this reason, this technique is not efficient, because system parameters

can vary. The nonlinear adaptive backstepping control can compensate the nonlinearities in the nominal system
and the uncertainties. Simulation results are obtamned using Matlab/Simulink. These results show how the
adaptive back-stepping law updates the system parameters and provide an efficient control design both for

tracking and regulation.
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INTRODUCTION

Three phase ac-dc converters are widely used in
mndustrial applications. The static power converters are
nonlinear in nature and consequently they generate
harmonics into the supply. As a result, the power factors
of the converters are usually poor and vary with the
load. Most electrical systems are designed on the basis
of balanced three-phase supply at the fundamental
frequency.

Many research results focusing on the control point
of view have been reported”. In™ a feedback
linearization technique 1s applied to control the voltage of
three phase PWM converter. In”, the elimination of the
harmonics is made by the introduction of a shunt active
power filter; this last was controlled by a feedback
linearization technique.

Different nonlmear techmque was used in power
electric such as Static Compensator”, Uninterruptible
power supply®l, DC/DC series resomant converter,
Three-Phase Three-Level WNeutral Point Clamped
Rectifier™™.

On  the other hand, the adaptive backstepping
control techmques was used m different other application
such us permanent magnet synchronous motor contrel™,
induetion motor control®, Linear DC Brushless Motor
control!.

A lineanmzation techmique using input-output
feedback have been used to design the nonlinear
controller by changing the original nonlnear dynamics
into linear one™!!, but this technique do net take into

account the uncertainties of system parameters. Adaptive
backstepping control 1s a newly developed techmque for
the control of uncertain nonlinear systems!***.

This study presents the implementation of the
adaptive baclk-stepping control law to the three phase
PWM converter. First, the nonlinear model of the
system is introduced the exact nonlinear Multiple-Tnput
Multiple-Output  state space model was obtained in
(d,q,0) reference frame using the power balance between
the mput and output sides. State feedback lmearisation
control for a three phase PWM converter is disussed in
this study.

This study persent the uncertainty in the system is
the resistance of the load. The uncertain nonlinear model
of PWM converter 13 partially linearised through an input-
output feedback linearisation method when the parameter
uncertainty 1s considered. To compensate the uncertainty,
a nonlinear adaptive control techmque 1s adopted to
derive the control algorithm and the uncertainty
adaptation laws can also be derived systematically based
on the backstepping control technique.

Mathematical model of PWM converters: Figure 1
presents the topology of the converter under study. The
dynamic model of a PWM AC-DC Converter can be
described in the well known (d-q) frame through the Park
transformation as follows™, see appendix:

Simulation results were obtained, these resultselearly
show how the adaptive backstepping law updates the
system parameters of PWM conveter and gave a good
performance.
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Fig. 1. Three-phase PWM converter topology
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Where i, and i, are the (d-q) axis currents, ed and eq
are the (d-q) axis source voltage, vde 13 the DC output
voltage, vd and vq are the (d-q) axis converter input
voltage. R and L. mean the line resistance and inductance,
respectively.

Input-output feedback linearization; The input-output
feedback linearisation control for a PWM Converters is
introduced in"*.

We can write the system (1) as follows:

2)

x=f(x)+g(x)ug+g,xuy

The system parameters may deviate from the nominal
values.

Let p=1/R,, then p = p+AP

Where: P, represent the nominal value of parameter J,

while AP represent the error of the nominal value.
Taking mto account these uncertainties, the system

(2) can be changed as:

(3)

X=F(x)+ AFx) +grug +g, Uq

Where f(x) and Af(x) are the nominal and uncertain

matrices of f(x) respectively.

Such that
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R. .
*fld‘f’qu
= R. .
fi{x)= ffquvvld
(e - By vde
——(eyiy+e, i )—
[3Cvde 447U ¢
0
Af(x)= 0
—ABvde
C

The control objective 15 to make DC output voltage
track the desired reference output voltage command. We
should select the de output voltage as one of the output
variable. Therefore, we choose the outputs variable of the
PWM converter drive system as:

vy =hy (x)=vdc
¥2=Lghy(x)
¥3 =14

“4)

Then the dynamic model of PWM rectifier in the new
coordinate 1s given by:

Lghy + Laghy + Lghyug + Leohyug

' 2
¥, |=| L7%hy + LagLghy + LygLphyug + Ly, Lhyug [5)

¥3 thz+LMh2+Lg1h2ud+Lg2h2uq

Where
2 . . Banc
Lzh{(x)=—— (e iy +e i )————
() 3Cvdc(dd alq) G
AP vde
LAfhl(x):f—B
@
Lgihy (%) =Lgyhy (x)=0-
2(e fi(x)+e, fh(x
LZFhI(X): ( d 1( ) q 2( ))
3Cvde
2(eyigte,l
_ ( dd ;] q +Bin f3
3Cvde C

2(eyi i d
LasLhq(x) = { (Cala t gl + Bo C}AB

3% vde c?
2ed

L Lehy(x)=——d

skl (x) 3L Cvde

2e

L,yLzh (x)=— 93—
ezl gl (0 3LCvde
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R. .
Lyh,(x)= _f1d+ Wig
1
Lgthy () =1 Ly b5 (x)=0

Lash,{(x)=0

In order to decouple the two control inputs, we
construct the new control inputs as follows:

{ud
q

In the new coordinate, the system can be written as
follows:

}{LgILFthNLgZLFthq} )

Lg1h2ud + nghzuq

=1

¥ Y2 0 0y L achy
¥y |=| L*h, [+[1 0 { } LasLzhy (7
R u
ya| | Lghy | [0 1]-7%° | Laghy
Where:
LMhl(x)—AB{%‘"}—emx) (&)
2{eqig + el vde
LasLyh;(x) =AB Ceq dz & q)+B" 5 ©)
3C"vde C
=0, (x)
Laghs (x)=0 (10)

The structural property of the new system (7)
contains two decoupled subsystems. The first subsystem
18

1=Y2

A (1)
y2 =L7hy +1y
The second subsystem 1s:
y3 =Lgh,+1, (12)

Where u, and u, are the input control of the subsystem (1)
and (2), respectively.

This structure allows us to convemently use adaptive
backstepping design technique to obtain the desired
controller. The uncertainties of the system now are
reflected by unknown parameter 6.

Thus we obtain the compact form of the error-tracking
model as follows:
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¥ =AGO+AAG)+B(x) U (13)
Where:
2 Dy (x)
A(x)=| L%h; [AA()=] B0, (%)
Lgh, 0
0 0
Bx)=|1 0
0 1

In order to obtain good transient performance, a
linear reference model is defined as.

¥m =Km ¥Ym + B Urer (14)
le 0 1 0 ] Ym1
YmZ - _kml ka 0 ¥mz
Ym3 L 0 0 km17 Ym3
[0 0 1
vdc'
+lky O .
| 0 Ky |-l

Using the reference model, the performance of the
system can easily be evaluated, as the tracking problem
could be changed to a regulation problem.

Define the error variables as.

S| Y1~ ¥m1
€= || Y2 " Vm2 )
3 ¥3 7~ ¥m3
And use the following transformation:
— #*
_ ud+kale+kaYm2_km1VdC (16)

_ L
uq+km3Ym3 7km31d

Then the differential equations of the errors can be
derived as follows:

& =A()+AA)+Bx) U (17)

The uncertain parameter error is defined as: §=¢ —0

Where § is the estimation of 8, & is the estimation error.

For the first Eq. 17, e, 1s taken as the new control
nput  according to backstepping control techmique. It
can be easily obtained that, if uncertainty 8 is known, the
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first Eq. 17 is obviously stable by a Lyapunov function V
=1/2¢” and a virtual controller 4” as:

a'(x)=—kje,—O¢, (18)

However, 0 is actually unknown and e2 is not the real
control. Hence, an estimate § is used to replace 8 in (18).

Define the new virtual control a for e2 as:

alx)=—ke 0@ (19)
Step 1: Define new variables as
Zy=e;, Zg=e,—0(X), Zz=e; (20)

The virtual control a for z2 stabilizes the first equation
as follows:

ot:—klzl—é(pl (21)

The derivatives of the new variables are written as:
Z =z, t0t 0 =—k 7, + 2, +0q (22)
Zy=ey+ G =Le?h () + 00, + Ty —k 2, + g, (23

Step 2: The first control Lyapunov function V,(z,,7,, § ) is

written as:

N SRR S S G-
Vi(Z.2,,9)=—2;"+—2,"+—0 24
1(21,2,,0) P B 2y
Where & is the adaptation gains.
The denivative V,(z,.z,, § ) of 1s:
. ~ i . 1-2
Vi(2,.2,,0)=2,2, +2,2, +—00
i
2 1=
_klzl+8{zch2+zlcp1+klzchl+;e (25)

+zz{zl+szh1+écp2+ﬁd

Tky(z, —Kqzy) t O, }

Step 3: We can write the third equations of (14) as:
Define the Lyapunov fumction V,(z,) for the third

Vilzg)=z323=25{Leh, ()41 g (26)
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Step 4: To design the final adaptive backstepping
nonlinear control for the system, we define the augmented

Lyapunov function V(z,,7,,7,, §) as:

V (21,22,23,é):V1(zl,22,é)+V2(z3) (27)

The derivative of V(z,,7,,7;, §)is computed as:

ZaPrt 21

V (21.24.2 ,é =~k z2+0 =
(21.23,23,0) 1% +k1Zz(P1+19
Y

Zl+Lf2h1+é(p2+ﬁd (28)
+ZZ R
+k(z, —kyz))+ 0@y

+23(th2+ﬁq)

To make V(z,,7,,7,, §)<0, the simplest way is to make

the items m the square brackets n the second, third and
fourth items equal to zero to cancel the uncertainties and
make the fifth term equal to 'kzzi ,the sixth term equal to

_ksz% . And V - 0 1f and only if, z =0. Then the followng

results can be obtamned.
Control outputs:

ug=e; —kzez—Lf2h1—9¢z+k1(k121—Zz)—éq’l (29)
fig=-ksez—Lzh,(x) (30)

Parameter adaptation laws:
é:7é:Y(Zl(p1+klzz(p1+Zz(pz) 31

The final control mputs vy and u, can be easily

derived through (15) and (18).
THE SIMULATION RESULTS

We implemented the controller in Matlab/Simulink to
verify the stability and asymptotic tracking performance.
The overall block diagram for proposed control scheme is
shown in Fig. 1.

Table 1: Control scheme

Supply’s voltage and frequency 220 v(rms), 50 Hz

Line’s inductor and resistance 0.1mH, 2mQ
DC link resistance 200

Output capacitors 370uP
PMW carrier frequency 1KHz
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Fig. 2. Adaptive backstepping control block diagram of PWM converter
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Fig. 3: Block diagram of adaptive backstepping controller
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Fig. 4: Output DC link voltage response
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The block diagram of the nonlinear controller and
adaptation laws is shown in Fig. 2 and 3, respectively.
Table 1 shows the parameter values used in the ensuing
simulations.

The output DC link voltage of the PWM
converter, the supply voltage and the input line
current responses of the 1ideal input-output

feedback linearization, are presented mn Fig. 4 and 5,
respectively.

If there is no uncertainty the actual output DC link
voltage response can track the DC voltage reference
resulting from the reference model perfectly. The ideal
input-output feedback linearisation is based on the
exact cancellation of the nonlinearity, for this reason,
the 1deal nonlinear control cannot deal with the system
uncertainties.
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Figure 6 presents the output DC link voltage of
the system without an adaptation law. Figure 7-9 give the
simulation results of the proposed backstepping
controller with adaptation laws.

In order to test the robustness of the controller to the
change of the system parameters, the resistance of the
load 1s changed to R; = 2R, at t = 0.15s, an output dc
voltage drop 18 observed but tlis voltage drop 1s
successfully rejected due to the effectiveness of the
adaptation laws. The simulation results are performed with
the following

CONCLUSION

We have implemented and siumulated the adaptive
backstepping control for an uncertain PWM converter,
which provides an efficient control design for both
tracking and regulation. Global asymptotic stability of the
block system 18 guaranteed. Siumulation results obtained
were in good performance as it 1s expected. The strategy
control was very robust to uncertain parameters and gave
a very high power factor and small ripple in the current
line supply.

APPENDIX

The voltage equation of a per-phase of PWM
converter can be written as:

es:Ri+L$+va (1)
dt

The d-q voltage equations in synchronous reference
frame are

di
ed:Rid+L%7Lwiq+vd -

o diy
ey :R1q+LE+ Lwigt+v,

The power balance relationship between the AC
mput and the DC output 1s given as

2, . . .
P:E(edldJreqlq):vdcldc 3
With:
igo = Wde | Vae @
dt Ry,
Then:
2 . . dVd Yd 2 (5)
—(eglg +e,i,)=Cvy —+ 5
3(dd diq) © g TR,
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The nonlinear model of three phase PWM converter

%——Ei + Wi +l(e -vy)

¢ L¢ e

di R 1

TN Wit (e — 6
. qu qu-#—L(eq vq) (6)
Wae . 2 (egiq +egiq) — o

dt 3CVdc CRch
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