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Summary - An approach of using optimization techniques in designing power elec-
tronics systems is presented in the paper. The aim of this optimization is to constrain
the THD of the input current, in the case of a Buck Converter fed by a rectifier
bridge, to a level compliant to PFC standards. The common way o get ahead of the
input current distortion is to utilize active or passive PFC pre-regulation techniques.
Having this as a starting point, the accent in the paper is given to utilization of
simulated optimization concept in controlling the converter's operation. The aim is to
reveal a common pattern scheme of a bit-string governing the active PFC pre-
regulator circuit to obtain lowered THD fo the level compliant with the predefined
conditions. In this paper optimization algorithms of several optimization techniques
are presented and compared with the algorithm that simulates the converter itself.

L. INTRODUCTION

Within the conversion of the AC to the DC power a well-known side effects are
very often manifested. The side effects are the harmonic components that are well
known generators of numerous problems such as: increase in the operating tempe-
rature, problems with electricity meters, malfunctioning of the equipment, discomfort
(flickers, lighting). Due to the problems induced by the harmonic distortion the JEC
6100-3-2 [1] standard has been introduced. '

Numerous methods for filtering and preregulation have already been applied [2].
The approach presented in this work is a combination of a preregulation technique
and optimization of the preregulator by the bit-string governing scheme. The aim to
lower the THD is accomplished by generating an optimizing bit-string switching
pattern, a scheme that controls the work of the preregulator. This differs regarding the
classic PWM approach, as many switching cycles can occur during one cycle of the
reference sinewave while, due to the fixed frequency of the PWM only a set numbers
of switching transitions can occur during each cycle of the fundamental [3]. Another
important factor in the proposed switching scheme is the number of transients that
will occur: the higher number of transients gives better results in lowering the lower
harmonics, but at the same time the losses that are accounted to the switching tran-
sients are higher [4]. Trade off between these two factors is often applied.
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The approach presented in this work can simply be described as a way of moving
the lower harmonics from its scale to the higher order harmonics in order to be com-
pliant with IEC 6100-3-2.

In order to implement this idea, we have developed a Matlab model of the power
converter. Also we have programmed the Simulated Annealing optimization routine
(written in Matlab as well) which is fully presented in the Appendix.

IL. SIMULATED ANNEALING
Simulated Annealing (SA) is a well known optimization techhique that have been

- inspired by the natural process of metal annealing and was applied as an optimization

method for the first time in 1983 [5, 6, 7, 8]. It is regarded as a second generation of
the stochastic optimization techniques.

‘The annealing algorithm simulates the way of processing metals by means of sta-
tistical mechanics. The process of annealing is divided in two routines; the first one is
the heating of the metal until it melts down and the second is slowly cooling it down
until the equilibrium point (crystallization) is reached. At the end of the second rou-
tine we gain a new molecular structure of the metal with lower energy state [5].

The same analogy is used in the process of optimization where lower energy state
of the metal is presented as a state of the cost function. The whole system of statisti-
cal mechanics and its analogy in the filed of combinatorial optimization is presented
‘in the next table.

Table | Conversion of thermodynamic system into combinatorial optimization

Thermodynamic Simulation Combinatorial Optimization
System States Feasible Solutions

Energy Cost

Change of State ' Neighboring Solutions
Temperature : Control Parameter

Frozen State ) Heuristic Solution

Using these mappings any combinatorial optimization problem can be converted
into an annealing algorithm [6].

The whole optimization algorithm has two routines, innef and outer. The inner
optimization cycles calculates the energy state of the cost function and maps it with
appropriate logical value. The cycle goes like this:

1. The process starts with initial energy state S; that defines the initial cost function;

2. The starting initial state is stochastically changed to S;j and a new energy state is
gained;

3. The energy difference between the two states is calculated AE;

4. The energy state is mapped with logical one or zero depending of the sign and
value of AF and the Metropolis-acceptance procedure isused as follows:
a. If AE < 0, the mapping value is equal to logical 1, meaning that the new en-

ergy state is accepted
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b. If AE >0 and the Metropolis acceptance procedure hasn’t accepted the new

energy state the mapping value is equal to logical 0, meaning that the new
energy state is not accepted;

5. The algorithm jumps back to the step 2 in order to calculate the next value of the
cost function or it directs its way toward the outer routine.

The outer cycle follows the inner only if the mapping value of AE is equal to lor

AE is equal to 0 but the Metropolis procedure has accepted the appropriate solution
due to its probability (step 4 in the inner cycle): ‘

1. The system temperature is changing, it is cooling or heating depending of the en-
ergy state or the cost function; . S

2. Checking whether the system is cold enough to stop the cycle or hot enough to
start cooling it down with the predefined step;
The cycle is continuing (if the system has not reached equilibrium or the system
is not cold enough), and the new state Sj is memorized;

3. Jump to inner loop step 2

The presented algorithm can vary depending on how the parameters were defined.
The inner and the outer optimization cycles are shown in figure 1. Certain Simulated
Annealing algorithms follow different routine {7].

...............................................................................
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Fig. 1 The inner and outer optimization cycle

III. BUCK-CONVERTER WITH BOOST PREREGULATOR

The optimization algorithm outputs a bit-string that is used to generate a pulse
pattern for driving the boost preregulator, figure 2. The Boost-Buck converter is fully
modeled in Matlab and it is defined as a subroutine of the optimization cycle for cal-
_ culating the cost function. The Boost-Buck is completely regulated by the optimiza-

tion algorithm. The control law of the Boost is defined by the THD function as a cost
function while the control law of the Buck as a function that depends of the output
voltage. The complete circuit configuration is presented in figure 3.
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1V. SIMULATION RESULTS

 Simulations using four different bit-string patterns for controlling the preregulator
have been performed as follows: classical PWM, Simulated Annealing (SA), Monte
Carlo (MC), Simplified Simulated Annealing (SSA) [9]. Some results are presented
in Figs. 4 and 5, and in Table 2. -
The optimization methods presented have several differences [9] but still they are
closely related among each other. The main difference is in the way the optimization
cycles are defined and in the Metropolis acceptance procedure that is only present in
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Figure 4 Input current waveforms obtained by four different bit sting patterns controlling the preregulator:
: PWM, SA, MC and SSA;

Some quantitative results are presented in table 2. The total harmonic distortion
(THD) was calculated as ratio of rms value of all higher harmonic components and
the rms value of the first harmonic component of the input ac current multiplied by
100; the efficiency (77) was calculated as ratio of the mean output dc power and mean
input ac power multiplied by 100; AVq, is the relative difference between the maxi-
mal and the mean value of the output voltage multiplied by-100. It is easily seen that
the-SA optimization gives the lowest value for-THD, and the highest values for the
efficiency and AV
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Figure 5 Plotted THD of the input cutrent circuit obtained with four different bit sting patterns
governing the preregulator. The bit patterns are as follows: PWM, SA, MC and SSA
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Table 2 Comparative results using different methods of optimization and classical PWM

Bit string patterns, obtaining techniques THD (%) 77 (%) AVgut (%) |
PWM ; 71.1498 0.5014 0.8750
Simulated Annealing (SA) 23.9220 0.7534 0.7397
Monte Carlo (MC) e 41.1036 0.5904 0.8810
Simplified Simulated Annealing (SSA) 403115 0.6843 0.7862

V. CONCLUSION

The bit-string switching sequence approach has been discussed and applied to the
preregulator of a Bridge rectifier-Buck converter combination. In comparison with
PWM, MC and SSA it has several advantages. The diagrams shown in Fig. 4 and 5
and the results given in table 2 show that the shape of the input current is closest to
the sinusoidal, while the amplitude of the harmonics are the lowest for the case of
Simulated Annealing used as an optimization method for generating bit-string pat-

terns for controlling the preregulator. The valués of THD should be also compared
with those obtained for the non pre-regulator case (189.3%) and for non-optimized
preregulator case (66.8%). .
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- Appendix A - Simulated Annealing Algorithm

N=256;
% Simulated Annealing Parameters
" Tinitial=1; Tcool=0.99;  Theai=1.2;
Melted=0; Melt_point=5; . Max_T=40;
x_now=[1 0]; *
for j =1:7
x“now=[x_now x_now}; zlength=length(x_now);
end
x_best=x_now;
% Initialize annealing variables
ni_best=.7;
index=1:N;
THD_ best=70;
THD_last=70;
DV_good=5;
DV_best=5;
T_schedule=[1.0 1.0 0.5 0.33];
% Main annealing LOOP
for h=1:length(T_schedule)
T=Tinitial*T_schedule(h);
for j=1:Max_T
num_accepts=0; :
for i=1:N % Bit swapping loop
"% Reconfigure the bits in x.new
©X_New=x_now;
z=floor(rand(1)*N/2)+1;
o=floor(rand(1)*N/2)+1;
in_x_new=1-x_new;
Lx_new=logical(x_new);
Lin_x_new=logical(in_x_new);
i_ones=index(Lx_new);
i_zeros=index(Lin_x_new);
x_new(i_ones(0))=0;
x_new(i_zeros(z))=1;
kocka =rand(1);
[delta_V, THD, ni] = buck(x_new);
DTHD = THD - THD _last; ’
if (DTHD <=0) % Accept -dV always
THD_last=THD; ‘
DV_good=delta_V;
X_NIOW=X_new; )
num_accepts=num_accepts + I;
elseif (kocka < exp(-DTHD/T))
THD_last=THD;
DV_good=delta_V;
X_NOW=X_new;
num_accepts=num_accepts-+-1;-- -
if (Melted & ((DTHD/THD) >
MElt point/100y)y ~ 7 T

Melted=1; "% Check if melted

© if (num_accepts > 0)

Tinitial=T;
end
end
if (THD <=THD_best)
copy of the best
© x_best=x_new;
THD_best=THD,
x_best=x_new;
DV_best=delta_V;
ni_best=ni;

% Keep a

end

lin=sprintf('delta_V=%5.2f%delta V);

lin=sprintf(’%s ~THD=%5.2%',lin, THD};

lin=sprintf("%s THD_best=%5.2f%' lin,
THD_best);

lin=sprintf{('%s DV _good=%5.2f%lin,
DV good);

disp(lin); )
end % End the bit swapping loop
if (Melted==1); Melted=2; break; end
% Cool or heat

ifth==1) - :
; T=T*Theat; % Heat it not Belted yet
else )
T=T*Tcool; % Cool if already melted
en
else break; end % Break out if accepts=0
S=100;
ifth==1) . ;
I str=sprintf{('Melting=%1.0f Tcyc=%3.0f,h,j);
else

str=sprintf('Coolcyc=%1.0f
Teye=%3.0f,h,j);
end

str=sprintf(*%s Acpts=%4.1{%", str,
num_accepts/N*S);

str=sprintf('%os T=%5.2f%' str,T);

st=sprintf('%s THD _best=%6.2{%'
,str, THD_best);

str=sprintf('%s DV_good=%6.2f%'
,str,DV_good);

str=sprintf('%es DV_best==%6.2{%'
,str,DV_best); !

str=sprintf('%s ni_best==%4.31%' str,ni_best);

disp(str);
sprintf(*%2.0f, x_best)
end . % End Temperature loo

end.............._ % Endthe Reheat loop

118



	113
	114
	115
	116
	117
	118

