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Abstract – In this paper, application of Posicast control 

method to generator excitation system and Automatic 

Voltage Regulator (AVR)are presented. The method is one of 

the simplest possible control design methods that can be 

applied to Mitigate the oscillations caused by changing the 

excitation reference signal and occurrence large or small 

sudden faults. In other words, Posicast controller both 

improve and damping  tle oscillations caused by changing the 

excitation reference signal and large or small suddn3-phase 

faults occurred in the different parts of the transmission  
lines. In this work, shown that the proposed controller 

improve angular stability in multi-machine power system. In 
facts, Posicast controller improve small signal and transient 

stability in four generators system. Stability of the designed 

controller is shown using extensive time domain simulations. 

Performance of Posicast controller in IEEE power system 

standard is evaluated in MATLAB/Simulink environment. 
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I. INTRODUCTION 
 

Changing the reference signal of the excitation and 

Automatic Voltage Regulator (AVR) systems is one of the 

excitation control methods in controlling the terminal 

voltage of the generator and reactive power. The basic 

function of an excitation system is to provide direct 

current to the synchronous machine field winding. In 

addition, the excitation system performs control and 

protective functions essential to the satisfactory 

performance of the power system by controlling the field 

voltage and thereby the field current. The control includes 

voltage and reactive power control and stability 

improvement of the system. The protective functions 

guarantee that the requests will not exceed the capabilities 

of the generator [1]. Changing the reference signal of the 

excitation system is one of excitation control methods in 

controlling terminal voltage of the generator and as a 

result reactive power absorption in large power plants. On 

the other hand, this control method causes the oscillations 

in overall of the system. To have a stable and continuous 

operation condition, the oscillations damping is main 

target. Further, the oscillations can create excessive heat in 

the field windings. Therefore mitigation of the oscillations 

can extend the life of the field windings [2].As in [3], 

using AVR to control the terminal voltage of the generator 

by changing the generator field voltage has been 

discussed. Design of AVR system for synchronous 

generators using a thyristor based controller to produce the 

excitation voltage is discussed in [4], [5]. 
 

This Paper is extracted from the Master thesis. 

A generator excitation predictive control scheme is 

introduced in [6], [7]. However, all the previously 

published papers are categorized as feedback control 

systems. Complicated controllers are modeled to guarantee 

stability and high performance of the system against 

possible disturbances. Implementing such controllers 

increases the complexity of excitation system and imposes 

extra costs. In this effort, Posicast control method is 

applied to improve angular stability in multi machine 

power system. In facts, controller design to damp 

oscillations small signal and transient to adding generator 

excitation system. It is already shown that transient and 

small signal stability of the system can be improved using 

this method [8]. In this paper, complete and 

comprehensive application Posicast controller are 

presented. A performance index is also used to show the 

improvements in dampening capability of the designed 

controller. Therefore, there is no need to be worried about 

overall system stability.  

 

II. HISTORY OF POSICAST CONTROLLER 
 

The invention of Posicast control is due to Prof. Otto J. 

M. Smith, who described the basic principles in the Sept. 

1957 [9]. A decade later, application of half-cycle Posicast 

to vibrating structures was proposed in [10]. Posicast 

compensation is applied within a feedback system rather 

[11], [12]. The first reported applications were for 

mechanical structures. Recently, Posicast based feedback 

control is used in the field of power engineering, such as 

digital control of the boost converters [13], Dynamic 

Voltage Restorer [14], resonant damping of Z-source 

current-type inverter [15]. And so on. Posicast is a feed-

forward control method that dampens oscillations in 

systems whose other transient specifications are otherwise 

acceptable. When properly tuned, the controlled system 

yields a transient response that has deadbeat. Consider a 

system having a lightly damped step response as shown in 

Fig. 1.  

 
Fig.1. Step Response of the system with (solid line) and 

without (dashed line) Posicast and the control signal 

generated by Posicast. 
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The overshoot in the response can be described by two 

parameters. First, the time to the first peak is one half the 

under damped response period Td. Second, the peak value 

is described by 1+δ, where δ is the normalized overshoot, 

which ranges from zero to one [16]. Posicast separates the 

original step input command into two parts, which are 

illustrated in Fig. 1. The first part is a certain step which it 

causes the first and biggest overshoot, the oscillatory 

response accurately reaches to the desired final value. The 

second part of the modified input is full scale and       

time-delayed to absolutely stop the remaining oscillatory 

response, therefore causing the system output to stay at the 

desired value. The resulting system output is shown in  

Fig. 1 (dashed line); the compensated and (solid line) 

uncompensated output are shown for comparison. The 

principal of half cycle Posicast control is shown by block 

diagram in Fig. 2. The designed model has two forward 

paths. The upper path is the original or uncompensated 

command input. In the lower path, a section of the original 

command is initially subtracted, so that the maximum 

value of the response oscillation will not be overshoot at 

the desired final value [16].  

 
Fig.2. Open-loop half cycle Posicast 

 

The transfer function is given by the function 1+P(s), 

where P(s) is given by: � � = �+� [−1 + �− ��2 ]                                         (1) 

The aforementioned method is open-loop compensation 

therefore it has high sensitivity to the parameter variations 

and to design mismatch. This issue can be adjustment via 

applying Posicast within a feedback system instead of 

using classical feed-forward structure [11], [12]. A block 

diagram explaining the control method is shown in Fig. 3. 

 

Fig.3. Posicast within a feedback system 
 

However, recent works suggest that Posicast be applied 

within a feedback system. The proposed control method is 

a significant departure from classical Posicast [16].  

 

III. APPLICATION OF POSICAST TO CONTROL 

VOLTAGE 
 

In this section, Posicast controller is installed in four 

generators system. In other words, Posicast controller is 

installed in one of the excitation generators system in         

(G1). First, Small signal and after transient analysis done 

the case study.     

 

IV. CONFIGURATION OF TEST SYSTEM 
 

The configuration studied in this work is shown in Fig. 4 

[1]. The system studied, have two similar area that 

connected through a transmission system. It consists of 

four synchronous generators. Area1 consists of two 

coupled synchronous generator, Area2 consists of two 

coupled generator units, rated power of each synchronous 

generator is 900 MW. The nominal voltage is 230 KV. In 

this system Line lengths is 440 KM and each generator is 

described by a 7
th

 order nonlinear mathematical model that 

describing equations are expressed in [17].  Parameters of 

the generators are borrowed from [1]. A hydraulic turbine 

and governor system is also considered in the simulations. 

The model used for this system is an IEEE standard model 

expressed in [18]. The parameters of system are mentioned 

in appendix part.  

 
Fig.4. The multi-machine system 

 

But don’t forget that, Power System Stabilizer (PSS) 
applied to enhance of the system oscillations damping in 

the synchronous generators by controlling its excitation.  

 

V. ANGULAR STABILITY ANALYSIS PRESENCE 

OF POSICAST CONTROLLER 
 

A. Small signal Stability Analysis 
In this section, application Posicast controller for small 

signal stability analysis in system four generators 

presented. As mentioned earlier, two parameters are 

required in the Posicast design process. These parameters 

have been obtained from the step response of the system 

and are listed in table.1. The excitation system after adding 

Posicast is shown in Fig. 5. As shown in the Fig. 5, the 

half cycle Posicast is used within the feedback loop. In this 

system the terminal voltage of the generator is feedback to 

the Posicast controller in order to be compared with the 

setpoint.  

Table.1. Parameters obtained from step response 

Parameter Value Unit 

 0.38  

 0.25  

 

While comparing Fig. 2 and Fig.3 it is concluded that 

the C(s) in the Fig. 3 is substituted with an integrator and a 

constant gain. The integrator increases the robustness of 

the controller and causes a zero steady-state error. Due to 

the important and essential that only a Posicast controller  
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Fig.5. The AVR and excitation system after adding 

Posicast controller 

 

for damped to mitigation small signal and transient 

stability installed in a excitation system of the first 

generator case study and all other generators have the 

standard ST1A excitation system that introduced in [18]. 

To evaluate the performance of the modeled Posicast 

controller, a step change in the reference signal of the 

excitation is considered. The reference signal of the first 

generator is increased from 0.99 p.u. to 1.033 p.u. after 

initial dynamic condition at t=3 sec. After 0.4 sec, the 

reference signal is decrase to 1.1 p.u. Bus1 voltage. Bus1 

voltage, Terminal voltage generator, Rotor speed deviation 

and  the active power transferred from bus1 to bus2, are 

shown in figures; 6, 7,  8 and9  respectively.  

 
Fig.6. Bus1 voltage(pu) 

 

 
Fig.7. Terminal voltage generator(pu) 

 

As shown in the  figures; 6, 7, 8 and 9,Posicast 

controller improves the small signal dynamics of the case 

study system. In other words, when the Posicast controller 

is used in the excitation system, performance of the system 

in damping the oscillations has increased drastically. In 

facts, designed controller has decreased the first overshoot 

for step change in the reference signal. So Posicast 

controller smooths the step input in order to mitigate the 

 
Fig.8. Rotor speed deviation(pu) 

 

 
Fig.9. Active power transferred from bus1 to bus2(pu) 

 

overshoot in the output signal and therefore it improves 

the dampening ability of the system. In order to see how 

effective the Posicast controller in improving the damping 

of transient oscillations a performance index is used in this 

section. In this work, the integral of the absolute value of 

the time derivative of the total kinetic energy divided by 

the system base power is selected as the objective 

function. Therefore, the objective function is expressed 

simply as [19].  � sec = ∫ | ����|�0� � �                            (2) 

Where T=10 sec is the simulation time and W is the total 

kinetic energy J which can be calculated easily by 

knowing the rotor speed of the generator [19].  � ��� = ��� �                                                   (3) 

Again in (3) J denotes the moment of inertia in Kg.m2 

and �m rotor angular velocity in mechanical radians per 

second. The smaller the value of Wc, the better the 

system’s performance. 
With the above definitions, we can table performance 

index for the system under study to obtain. The 

Performance index is calculated for the of all four 

generators with and without Posicast controller and is 

listed table 2.  

Table 2. Performance index values 

Generator Without Posicast Posicast in feedback 

G1 0.2012  0.02414  

G2 0.16  0.01732  

G3 0.0982  0.01557  

G4 0.09292  0.01494  
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It can be observed that the Posicast improves the 

performance of all four generators; however the 

improvement is significant for the first generator which is 

the generator with a Posicast excitation controller. It 

should be noticed that the Posicast is applied just on 

excitation system of the first generator (in G1), This 

characteristic validate adaptive characteristic of the 

controller.  

B. Transient Stabilty Analysis 
In this section, application Posicast controller for 

transient stability analysis in system two area four 

generators presented. The structure of the excitation 

system as shown in Fig. 10.Here too, like the previous 

case  (Small signal analysis), Posicast controller is used 

within feedback system. using Posicast in  feedback 

increases the robustness of the system. But, in 

thecasebefore, there wasn’t any feedback from Pa= Pm-

Pe(Pm=Mechanical toruqe and Pe=Electrical toruqe). Most 

of the PSS designs use this signal as an input signal 

because almost all faults occurred in the network effect 

this signal [1]. We have used this signal to improve the 

stability of the system, too. This signal is added to the 

Posicast input signal. In other words both changing the 

excitation reference signal and both the faults occurred in 

the network can be handled with a Posicast controller. 

This is the most important advantage of the offered 

controller over the designs that use two different 

controllers for damping the oscillations caused by 

changing the excitation reference signal and the ones 

caused by the sudden line faults. 
 

 
Fig.10. The AVR and excitation system after adding  

Posicast controller, with feed signal Pm-Pe. 

 

In facts, Pm-Pe signal is used to increase the system 

transient stability.This signal has very small deviations for 

changes in VRef. So, this signal is only important for 

transient stability and has no effect on the voltage control 

application we are studying.In order to investigate the 

transient stability of the system, it is assumed that three 

faults are occurred in the beginning, middle and the end of 

the transmission line. The configuration test system that 

three faults are accurred in the transmission line as shown 

in Fig. 11. For the convenience, we have a Location three 

faults in transmission line very briefly  at table 3.The 

faults are considered 3-phase short circuit and occur at t=1 

sec. After 0.1 sec the line breaker detaches the faulty line 

from the network. Bus1 voltage, terminal voltage 

generator and active power transferred from area 1 to area 

2 as shown in figures; 12, 13 and14 Respectively. 

 
Fig.11. Two area four generators presence of three faults 

in Matlab/Simulink layout 

 

Table 3. Location three faults in transmission line 

Name Three faults Location three faults 

F1 beginning of the Line 1 

F2 middle of the Line 1 

F3 end of the Line 1 

 

 
Fig.12. Bus 1 voltage after the F1 

 

 
Fig.13. Terminal voltage after the F1 

 

 
Fig.14. Active power from bus 1 to bus 2 after the F1 
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As shown in the figures; 12, 13 and 14 the oscillations 

are damped by using the Posicast controller feeding back 

from the Pm-Pe signal and the system reaches to a new post 

fault operating condition in a few seconds after the fault 

(F1) is cleared, The following simulations, Figures;15 to 

20, Application Posicast controller with feeding back from 

the Pm-Pe signal to three faults(F2 and F3) are showing. 

Respectively figures the same  previous state. 

 
Fig.15. Bus 1 voltage after the F2 

 

 
Fig.16. Terminal voltage after the F2 

 

 
Fig.17. Active power from bus 1 to bus 2 after the F2 

 

 
Fig.18. Bus 1 voltage after the F3 

 
Fig.19. Terminal voltage after the F3 

 

 
Fig.20. Active power from bus 1 to bus 2 after the F3 

 

With observing figures; 15 until 20, we know that 

Posicast controller along feeding the Pm-Pe signal is able 

not only damped to disturbance come from three fault is 

applied at the beginning of the transmission line, but can is 

also damped cause swings in the middle and end of line, 

that the features and capabilities of the recommended 

controller. Table. 4,performance index Posicast controller 

at the time of the various modes of transmission line 

indicates the fault. 

Table.4. Index Performance Posicast controller at     

various modes faults in transmission line 

Name 

three 

faults 

Location 

three faults 

Standard 

excitation 

system 

Posicast in 

feedback 

F1 beginning of 

the Line 1 

0.911 0.631 

F2 middle of 

the Line 1 

0.531 0.397 

F3 end of the 

Line 1 

0.321 0.331 

 

The table 4, as showing performance of the proposed 

controller in damping power system oscillations of three 

faults in transmission line. In facts, this table is an 

affirmation of simulations conducted in the transient 

stability analysis. 

 

VI. CONCLUSION 
 

In this paper angular stability(small signal and transient 

stability) of the two area four generators system has been 

investigated. In other words, oscillations can be improved 
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as well as the transient and small signal stability by using 

just one Posicast controller. The oscillations can be caused 

by changing the reference signal of excitation system or by 

other undesirable events like sudden faults happened in 

transmission lines. Several considerable remarks obtained 

from the simulation results: 

1-In multi-machine power system has been shown that 

when a Posicast controller is used in the generator 

excitation system, the overall performance of the system 

increases in damping the disturbances effecting the 

excitation reference signal and the large or small faults 

occurred in the transmission line. 

2-It has been shown that the voltage stability of the 

generator can be improved using the offered controller. 

3-There are considerable improvements both in 

overshoot and both settling time of the signal applied to 

the generator field windings. The smaller the voltage 

variations applied to the field windings the longer the life 

of the generator therefore we can conclude that using 

Posicast controller can also extend the life of field 

windings. 

4- The Posicast controller structure is very simple and is 

easy to implement in the system performance, 

Thereforepractical application of this controller can be 

economic,  androbustness is other advantage of the 

designed controller. 
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APPENDIX 
 

The parameters of the generator, transmission line, 

transformer and the hydrolic turbine, governor system and 

the excitation system including AVR are presented in 

tables 5 to 7, respectively. All the values are in p.u. 

Table 5: Parameters of generators, transmission line and 

the transformer 

    

    

   

    

    

    

    

    

Table 6: Parameters of hydrolicturbin-governor system 

 

    

    

    

    

   

    

MVA 200
lX 0.18

f 60
dT  1.01

sR 0.002
dT  0.053

X 1.305
qT  0.1

dX  0.296 H 3.2

dX  0.252
TX 0.08

qX  0.474
lineR 0.04

qX  0.243
lineX 0.2

aK 200
PR 0.18

aT 60
PK 1.01

ming 0.002
iK 0.053

maxg 1.305
dK 0.1

( pu / s )maxVg 0.296
d (sec)T 3.2

( pu / s )minVg 0.252
w (sec)T 0.08
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Table 7: Parameter of excitation system and AVR 
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f minE f minE RT AK AT

11.5 11.5 0.02 0.001 300
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