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Power system stabilizer (PSS) mainly adjusts the phase of power system and damping compensation by parameter

tuning. If the operation point of power system changes, the traditional PSS can’t guarantee the robustness of power
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system. In this paper, a He stabilizer is designed for the power system, in which the weighting function is optimized
by the genetic particle swarm optimization (GA-PSO). Simulation results validate the robustness of the GA-PSO He

Power system, Low frequency oscillation, H» power system stabilizer, Robustness.

1. INTRODUCTION

In order to maintain the stable operation of the power system, an effective
way is to suppress low frequency oscillation by increasing system
damping using PSS [1]. In recent years, in order to achieve the best control
effect, the research of PSS is mainly using intelligent algorithm to optimize
the parameters of power system stabilizer. The traditional PSS is designed
on the basis of a operation point after the power system is linearized.
Under the condition of nonlinear power system, when the operation point
changes, the function of PSS will be weakened. In view of the shortcomings
of the traditional PSS, this paper takes into account the interference of the
system and the uncertainty of the system during the design process and
transforms the system design target into the Ho mixed sensitivity problem
[2]. The optimal weighted function is selected by the global search and
optimization ability of the differential particle swarm optimization (GA-
PSO). Together with the augmented controlled object which constituted by
controlled system model, the desired GA-PSOH. stabilizer of power
system is obtained to improve the suppression energy of the low
frequency oscillation.

2. POWER SYSTEM DYNAMICS

In order to analyze the dynamic characteristics of synchronous motor, the
designed object G (s) selected a single machine infinity system called
Heffron-Philips model, which has been linearized, as shown in figure 1 [3].

The input of the controlled system is the output excitation voltage UE of
the excitation controller, and the controlled system output is the input of
the excitation controller, it is the speed deviation A@® .The state variable
of G(s) select [Aw, AS, AE;, AE,, ]r , then the state equation of the

system is as follows:
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Figure 1: Structure diagram of controlled system
2.1 The standard control problem of Ho

Figure 2 is a block diagram of the He standard control problem, where u
is the input control signal, y is the output measurement signal, w is the
external signal, and z is the controlled output signal. P(s) is an augmented
controlled object including a weighting function. K (s) is controller that
need to be designed.
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Figure 2: Ho standard control problem block diagram

The transfer function state space expression is shown in equation (2):
X'=AX+Bw+B,u )
z=Cx+D, w+D,,u 3)
y=C,x+ D, w+D,u “@

The transfer function from the external input signal w to the controlled
output object z is shown in equation (3).

L, = LFT(XS), K(9) = B, + PAU = BKO"R, ©)

The optimal control problem of H« is as follows: for the generalized system

P (s) of the controlled object, the feedback controller K (s) makes the

closed-loop transfer function of the system stable and the Ho norm of the

transfer function from w to z . Expression is minHT (S)H < 7 It also
Ve Al ©

determines whether there is a feedback controller K (s), which makes the
closed-loop transfer function of the system stable internally. The

suboptimal control problem satisfies |1 In which,
— L) <1
é o
Y > Yo Ly is considered as the transfer function Y;W (s)
—7,.(s

which from w to z .It is made up of the generalized controlled object P (s)
and the required feedback controller K (s).

2.2 Hybrid sensitivity and pole assignment problem

He mixed sensitivity problem mainly suppress the uncertainty of
interference and controlled objects simultaneously [4]. In figure 3, G (s) is
the transfer function of the controlled object, K (s) is the controller, y is the

input signal of the system, the u is the control output, Wy (S) Wy (S) )
W, (S) and V(S) are weighting functions, w is the interference signal

before weighed. Z;,Z, and Z, are weighted outputs. When the function
is not weighted, the absolute value of the closed-loop transfer function that

interferes w to outputs Z,,Z,,Z4 are sensitivity functions S, R and T.
The absolute value of the weighted output are : Z; = WISVO) ,
Zy = WZ[PVW and Z; = WSTVW . The transfer function matrix

r
that interferes with the output is b = [WISV, WZRV, W3TV] , The

mixed sensitivity problem is to design the controller K to stabilize the
closed-loop system and minimize the performance index.
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Figure 3: Mixed sensitivity and pole assignment

The open loop transfer function of the controlled object may contain the
weakly damped poles near the virtual axis, which are also the closed loop

poles of the system after the controller is added to the controller, which
will affect the control effect, so the weight function V is needed to adjust.

The weighted function V=M / E , where E is used to cancel the

weak damping poles in the original system, and M is used to reset the
location of the weakly damped poles.

2.3 Design of Hx power system stabilizer

In the standard control problem, the G(s) and the weighted function of the

mixed sensitivity problem and the weighted function V for reconfiguring
the weakly damped poles together constitute the generalized controlled
object P (s) in figure 1. After optimizing the design model, we need to select
the appropriate weighting function and the weighted function V for
reconfiguring the damping pole, and obtain the generalized controlled
object model. The Minreal function in the robust control toolbox can be
used to obtain the contact controller for the minimum controller, and the
Modred function is used to reduce the controller. The selection of
weighting function V follows the principle of pole placement.

3. WEIGHTED FUNCTION OPTIMIZATION BASED ON GA-PSO

When POS algorithm calculates extreme values of functions, premature
convergence often occurs, which leads to large deviations in the solution
of function extremum [5]. The genetic algorithm uses the selection,
crossover and mutation operators to optimize the function. It directly uses
the target function as the search information and is carried out in a
probability way. It can also enhance the global optimization ability of the
particle swarm optimization algorithm. It can improve the evolutionary
speed of the algorithm and improve the convergence precision. The
structure of the weighting function to be optimized is as follows:

k(s + z)

/4 (6)
! (s +a,)

W, = ks + z,) -
(s +a,)"

y = k(s + z,) -
(s + ay)

The objective function is as follows:

t

f = It[j o) -, }7’t
ty

Kivin < K <k,

Zinin < 21 < Zinax

kyyin < Ky < klmas 9
Zynin < Zy < Zyya

Kypin < ky < ky,

Zynin < Zy < Zyye\

Among them, I is an adjustable weight factor for motor. @, is rotor

angular velocity, @, . is the steady state for rotor speed.

The steps of the GA-PSO algorithm are as follows [6]:

Step 1: Initialize the particle swarm according to the set range and
population number, initialize the M of each cluster group, and the
maximum iteration number is n.

Step 2: Substituting the initialized population into H stabilizer of power
system. The controller is programmed and the controller is obtained. Then
the controller is substituted into the Simulink model to calculate the
fitness value. Then, evaluate the fitness of P group.
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Step 3: Perform mutation, crossover and selection operations for all
individuals in the D group. Among them, when choosing operation, the
criterion is the best fitness of particle target function J.

Step 4: Select the best individual Pgbest (t) in the P group according to
the fitness.

Step 5: Select the best individual Dgbest (t) in the D group according to
the fitness.

Step 6: Compare the pros and cons of Pgbest (t) and Dgbest (t) and select
the best individuals as the evolutionary basis of P group and D group.

Step 7: Reserved the best individual gbest(t) in the current whole group. If
the precision requirement is satisfied or the entire evolution has reached
the maximum number of iterations, then break the algorithm , and output
the the optimal position. Finally, decode the particle and generate the
weighting function parameters, otherwise the step 2 is transferred.

4.SIMULATION RESULTS

In this paper, MATLAB simulation software is used to simulate the relative
short circuit fault simulation of the transmission line three and the
influence of the step disturbance on the excitation system in the Simulink
environment. The parameters of the generator model are as follows:

P =1000M0 v, = 26kV.X, = 1.25,X, = 0.37,X; = 0.260,
X, =0.852,4 =0.266,y =0.28,7; =3.82,7; =0.125,
Iy, =0.62, R =0. 76e , H =7 , P =26 . Excitation
controller parameters : K, =300, 7, =0.02.

At 6s, a 20% output voltage step response is given to the system. In the

case of disturbance step input, the speed of motor and the output
electromagnetic power are shown in figure 4 and figure 5 respectively.
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Figure 4: Speed curve in the case of step disturbance
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Figure 5: Electromagnetic power curve under step disturbance

Compared with the traditional PSS and non PSS control, the speed and the
electromagnetic power of the GA-PSOHw control system are almost no
oscillation, and the single machine infinity system has strong robustness
when the single machine infinity system is disturbed by the step
disturbance at 6s time [7,8].

At 6s,a 0.2s output voltage step response is given to the system. In the case
of disturbance step input, the speed of motor and the output
electromagnetic power are shown in Figure 3-1 and figure 3-2 respectively.
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Figure 6: Speed curve of three phase circuit fault
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Figure 7: Electromagnetic power curve under three phase short circuit fault

Compared with the traditional PSS and non PSS control, the amplitude and
the oscillation frequency of the GA-PSOHw. PSS control system are
obviously lower than those of the traditional PSS and non PSS control, and
the single machine infinity system has a strong robustness [9,10].

5. CONCLUSION

From the simulation results of two different conditions, the system
uncertainty is taken into account in the design process. The H infinity
control theory is used to design the power system stabilizer. The GA-
PSOHo PSS designed by the hybrid algorithm of genetic and particle
swarm optimization and the partial pole placement technique is better
than the traditional PSS. The He PSS avoids the work of selecting weighted
functions many times by experience. By global optimization, the optimal
weighted function is determined, which greatly improves the robustness
of the single machine infinity system and has good dynamic quality and
adjustment performance.
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