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A New Design of Fuzzy controller for HVDC system
with the aid of GAs
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Abstract : In this paper, we study an approach to design a Fuzzy PI controller in HVDC(High Voltage Direct Current)
system. In the rectifier of traditional HVDC system, turning on, turning off, triggering and protections of thyristors have lots
of problems that can make the dynamic instability and cannot damp the dynamic disturbance efficiently. In order to solve the
above problems, we adapt Fuzzy PI controller for the fire angle control of rectifier. The performance of the Fuzzy PI
controller is sensitive to the wvariety of scaling factors. The design procedure dwells on the use of evolutionary
computing(Genetic Algorithms, GAs). Then we can obtain factors of the Fuzzy PI controller by Genetic Algorithms. A
comparative study has been performed between Fuzzy PI controller and traditional PI controller, to prove the superiority of the

proposed scheme.
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I. Introduction

From the beginning of electric power history, DC
transmission lines and cables have less expensive and more
advantageous than those for three-phase AC transmission.
As power generation and demand are increasing, in order to
handle large bulk of power, we need utilize the savings
that DC transmission offers. Not only it is used for long
distance power transmission, but also it is being used as a
part of the AC network to enhance the stability of the
system[1].

But the operation and control of HVDC links pose a
challenge for the designers to choose the proper control
strategy under various operation conditions[2]. The HVDC
system traditionally uses PI controllers to control the DC
current thereby keeping the current order at the required
level. However, in controlling a nonlinear plant such as the
fire angle of the rectifier side, the model controls such as
fuzzy controllers show better performance to the dynamic
disturbances than traditional PI controllers[3].

Generally speaking, fuzzy controllers show good control
performances when systems are complex and cannot be

analyzed using traditional methods. But we cannot obtain
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good control performances if fuzzy membership functions
are inaccurate. When designing fuzzy controllers, it’s
difficulty to determine shapes of membership functions that
are usually obtained by a large of try-and-error or
experiences of the human being experts.

To circumvent the above problem, in this paper, we
study a new approach to design a fuzzy controller using
Genetic Algorithms(GAs) in HVDC system. The paper also
includes the experimental study dealing with the rectifier
side current controller and deriving the optimal control
parameters based on GAs. The performance of systems
under control is evaluated by the method of IAE(Integral of
the Absolute value of Error)[4].

A Node Circuit Analysis simulation program was used in
this study. The program has the capability of detailed
modeling of transmission lines. In addition, the program is
very similar with the real HVDC system|[5].

IL HVDC System Model

A two pole point-to-point HVDC system has been
simulated under the environment of MATLAB[5]. Each
element on either side of the DC link and the transmission
lines is represented in detail.

Part 1: HVDC model system

Generally speaking, the HVDC system can be divided
into four parts - generator side, rectifier side, inverter side
and the load bus. In this paper, we only discuss about
rectifier side. It’s not necessary to illustrate each part in
detail in our model. So, we assume the inverter side and
the load to be voltage resource. The system shown in Fig. 1
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Fig. 1. HVDC real model circuit.
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Fig. 3. Block diagram of the rectifier controller.

is re-divided into four segments - generator, transformer
including one Y-Y connection type and one Y-A connection
type, the 12-pulse rectifier consisting of two 6-pulse bridges
in series and voltage resource containing inverter side and
the load bus[6].

Part 2: Rectifier control system

Fig. 2 shows the characteristic curve of voltage current
control. It is operated through the constant voltage current
control(AD) of a rectifier and a constant extinction angle
control(BC) of an inverter in steady state.

The constant voltage current control(AD) is the control
that keeps the current of DC line uniform. The firing angle
is adjusted with current error, to maintain the DC current
constant. As shown in Fig. 3, therefore, we use the firing
angle as the output of rectifier current controller, whose

inputs are current error and its derivative.

II. Proposed Methods of Controller Design
Design method of fuzzy controller of controller based on
Genetic Algorithms(GAs) to improve the dynamic perfor-
mance for rectifier current controller in the HVDC system
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Fig. 4. Block diagram of fuzzy PI controller.

is as follows:

Part 1: The Fuzzy PI controller

The block diagram of Fuzzy PI controller is shown in
Fig. 4[8].

Here, the current error(e) and its derivative error(Ae) are
used to adjust the input variables(E, AE) by the scaling
factors(GD,GE) that we can derive form the Genetic
Algorithms(GAs).

e(B) =1 4, (B —1 (B )
Ae(k)zﬁﬁu;ﬂl 9))

E(k)= e(k)xGD 3
AE(k)=ne(k)xGE 4
w ;= min[y 4(E), # gl ©)

anwiDi

Ayk=—E—— (6)

= wi
alk)= Arux(B)xGC ()
a(k)=alk—1)+ ralk) ®

From equation (1)~(8) and Fig. 4, we know if we want
to control the fire angle, we have to determine the
parameters(GC,GD,GE). So, we adapted the GAs to find the
optimal parameters. We will discuss about the GAs and its
estimation in detail in Part 2. Now, we need make a
FIS(fuzzy inference system).

The above Fuzzy PI controller consists of rules of the
form[7].

IF Eis A and AE is B, THEN AU" is C' Where A,
B' and is C' are fuzzy sets, and 1=1,2,~m.

Suppose that the domains of interval of the two input
variables(E, AE) and the output variable(AU) are [-1,+1]
and [-1,+1] respectively. The inputs E and AE are fuzzified
into 7 sets, ie.,

NB: Negative Big, NM: Negative Medium, NS: Negative
small, ZO: Zero, Ps: Positive small, PM: Positive Medium
and PB: Positive Big.

The membership functions are as shown in Fig. 5. Thus,
a complete fuzzy rule base consists of 49rules. For
simplicity, assume that c' is the fuzzy sets NB(m3),
NM(m2), NS(ml), ZO(0), PS(-ml), PM(-m2) and
PB(-m3),whose membership functions are shown in Fig. 6.
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Fig. 5 Membership functions for E and AE.
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Fig. 6. Membership functions for AU

Table 1. Fuzzy control rules.

NB |[NM | NS | ZO | PS | PM | PB
NB { -m3 | -m3 | -m3|-m3|-m2|-ml 0

NM | -m3|-m3|-m3|-m2]|-ml 0 ml
NS | -m3 | -m3 | -m2 | -ml 0 ml | m2
E 7O | -m3 | -m2 | -ml 0 ml | m2 | m3
PS | -m2 | -ml 0 ml m2 | m3 | m3
PM | -ml 0 ml m2 | m3 | m3 | m3
PB 0 ml m2 | m3 | m3 | m3 | m3

The collection of the rules is shown in Table 1.The
min-max product by equation(S) is used for the
compositional rule of inference and the defuzzification
method is the center of gravity as expressed by equation(6).

Part 2: Genetic algorithms(GAs)

Genetic algorithms(GAs) were formally introduced in the
United States in 1962 by Professor Holland at University of
Michigan, which become one parallel stochastic search
optimization method through simulation nature genetic
mechanism and the biological theory of evolution. The
continuing price/performance improvements of computational
systems has made them attractive for some types of
optimization. In particular, genetic algorithms work very
well on mixed (continuous and discrete), combinatorial
problems. They are less susceptible to getting 'stuck’ at
local optima than gradient search methods. But they tend to
be computationally expensive.

In this paper, we use GAs to find the parameters of the
scaling factors, shown in Fig. 7[8]. To use a genetic
algorithm, we need represent a solution to our problem as
a genome (or chromosome). In order to find the best

one(s), the genetic algorithms create a population of solutions
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(b) Fuzzy PI controller based on GAs

Fig. 7. (a) Traditional PI controller (b) Fuzzy PI controller based
on GAs.

Table 2. The coefficients of GAs simulation.

Items PI controller | Fuzzy controller
No. of initial population 30 30
Probability of crossover 0.9 0.9
Probability of mutation 0.033 0.033
No. of generations 100 100

and apply genetic operators such as mutation and crossover
to evolve the solutions[9]. In order to obtain the
satisfactory dynamic performance of transient process, we
adapt IAE to be the smallest objective function. Select the
equation (9) to be the most optimal fitness of the parameter
determination[4].

7= [ le(olar ©

The simulation coefficients and architectures of

populations are described in Table 2.

4. Simulation and Studies
In last chapter, we used GAs to find the optimal
parameters. Then, we get the final optimal parameters for
Fuzzy PI(GC, GD, GE) and PI(Kp, Ki) controllers using
the same procedure.
GC: 0.04, GD: 0.008, GE: 0.00005,
Kp: -0.1492, Ki: -16.00
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Fig. 8. The performance comparison of fuzzy PI and PI controllers in case of balance states.
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Fig. 9. The performance comparison of fuzzy PI and PI controllers in case of difference Ea phase.

Table. 3. Compare fuzzy Pl with PI.

Fuzzy PI PI
J= fotle(r)ldz' J=1.1038 J=1.1323
rising time 1401xAt 1403xAt
overshoot 0.5545% 3.7330%
undershoot 1.3016% 21.661%

*note: At = 0.25[sec]/15000[sample]

In this part, we compare Fuzzy PI with PI controllers in

case of balance and unbalance states.
Case 1
Using the above fixed gains, we get results in case of

. Balance states

balance states, as shown Fig. 8.

After comparison of Fuzzy PI and PI controllers, we
know the Fuzzy PI has better performance in terms of
overshoot and undershoot, as shown table 3. Not only there
are little overshoot and undershoot in fuzzy controller, and
also TAE in fuzzy controller is smaller. If not consider

rising time sincerely, the rising time is same among two
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Fig. 10. The performance comparison of fuzzy PI an PI controllers in case of difference Ea phase angle.

types controller. When the reference direct current changed,
the voltage and alpha vary small.

Case 2 : unbalance states.

We change Ea phase and Ea phase angle, respectively.
We can get result under the different situations, as shown
in Fig. 9 and Fig. 10.

We simulate the problems of the real system such as
unbalance AC voltage phase and phase angle under the
different case. The performances comparison of Fuzzy PI
controller and PI controller in case of different Ea phase
and Fa phase angle are shown in Fig. 9 and Fig. 10,
respectively. When Ea phase and Ea phase angle varied in
ranges (0, 0.247xEa) and (0, 60/180xpi), respectively, the
fuzzy controller shows better performance in term of
overshoot and undershoot. From the results, we can know
the fire angle(a) is in range [0,111.48] in fuzzy controller
and the maximum angle is also smaller.

5. Conclusions
In the paper, we study the Fuzzy PI controller and
Genetic Algorithms(GAs). We use GAs to find the optimal
parameters. Then, we compare the fuzzy controller with
traditional PI controller. Through the comparison of two
types of controller in different case, we know the Fuzzy Pl
controller shows the better performances in terms of

overshoot and undershoot. And, the stabilizing time for two
types controller is the same. Therefore, the proposed design
method of Fuzzy PI controller can be useful tools for
system stability and fast damping the system disturbance in
HVDC system.

Finally, we would like to apply accident data of real
HVDC system to our simulator and we will improve fuzzy

PI controller based on GAs.
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