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Abstract— Power system networks are continues subjected to 

faults and disturbances. These disturbances could be small or 

severe in nature and trigger electro-mechanical oscillations 

due to relative motion between the rotors of synchronous 

machines. These oscillations can be classified as intra-plant, 

local plant, inter-area and torsional oscillations. Although 

adequate damping for all these oscillations is important, but 

inter-area modes are of major concern as they are difficult to 

control and may affect group of generators or generating 

plants and may result in sub-optimal power flows and 

inefficient operation of the grids. The low frequency 

oscillations in the power system network especially the inter-

area oscillations (0.1 to 1 Hz) is the key factor that influence 

the stable operation of interconnected grids and limits the 

transmission capacity of large-scale power system. This 

dissertation deals with the stability problems of a power 

system with signal time delay. The usage of remote signals 

obtained from a wide-area measurement system (WAMS) 

introduces time delays to a wide-area Power System 

Stabilizer (PSS), which would degrade system damping and 

even cause instability. In this dissertation, design a delay-

dependent Wide-area Power System Stabilizer (WPSS) to 

damp-out the inter-area oscillations in a large scale power 

system. The controlled signal obtained by geometric 

approach is used as a control input for the proposed damping 

controller to damp out the inter-area oscillations. Some 

simulations results on Kundur Two-Area Four Machine 

system show that the proposed controller effectively damp-

out the inter-area oscillations. 
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I. INTRODUCTION 

The current installed capacity of electricity generation in 

India is 307.28 GW as of the end Oct. 2016, [Wikipedia, 

2016]. Nowadays, the continuous inter-connection of the 

regional electric grid is the developing trend of modern power 

system all over the world, such as the interconnection of 

national grids of India, Europe network, the Japan power 

grids, the national grids of China and North American power 

grids. The main reason for the interconnection of electric 

grids is that it can efficiently utilize various power resources 

distributed in different areas and achieve the optimal 

allocation of energy resources. This also optimizes the 

economic dispatch of power and get relatively cheaper power, 

which implies that decrease of system installed capacity and 

the investment. Moreover, in case of fault or disturbance in 

operating condition, it can provide additional supporting 

power of each area of interconnected grids which can increase 

the reliability of generation, transmission and distribution 

system. 

II. LITERATURE REVIEW 

Yao [2014] present a new approach for the synthesis of 

WADC for FACTS devices, considering the influence of 

communication delay introduced by used of remote signals. 

The proposed approach introduces the delay margin as an 

additional performance index and combines with the 

geometric measure method for selecting the feedback input 

signal the residue method to design the phase- compensation 

part of WADC. The delay margin is calculated by a Lyapunov 

stability criterion and LMIs based on the reduced-order 

model of large-scale power system excluding the WADC. 

The gain of WADC is the key parameter related to delay 

margin and the damping performance: the increase of the gain 

of WADC will reduce the delay margin while increasing the 

damping ratio of the critical inter-area oscillation mode. 

Based on the trade-off between the damping performance and 

delay margin, the gain should be chosen either to provide a 

satisfactory damping performance with larger delay or as 

large as possible to enhance the damping performance after 

the delay margin obtained from the practical requirement is 

satisfied. In this dissertation researcher optimized the gain of 

PSS so that controller provides a satisfactory damping 

performance with a delay margin. 

Yao [2011] investigated the delay-dependent 

stability of power system equipped with wide-area damping 

controller, using delay-dependent stability criterion and a 

model reduction method. The proposed method can deal with 

constant or time-varying time delays. Using the design 

method, if necessary, the gain of conventional WADC can be 

tuned to achieve a trade-off between the damping 

performance and delay margin. Furthermore, the delay 

margin can be used as a design objective to guide the 

selection of different weight function for the robust WADC. 

Yao used two types of time delays in this paper. The 

researcher also used constant time delay for this dissertation.  

García [2014] contributes his research through an adequate 

selection of input-output signal pairs, WPPs were effectively 

used to provide electromechanical oscillations damping. In 

this paper, different analysis techniques considering both 

controllability and observability measure and input-output 

interaction were compared and critically examined. The best 

signal pairs available from WPPs were recommended to 

select to damp power oscillations. In this research, only 

controllability/observability and residue approaches are used 

to choose the most adequate control signal to damp the power 

system oscillations. The researcher also used the joint 

controllability/observability for wide-area signal selection. 

Garcia [2013] used Wind Power Plants (WPP) to 

enhance the stability of the power system. The active or 

reactive power was used as an input signal to the PSS in WPP. 

In his research work, the optimal combination of input and 
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output signals were obtained to improve the system 

performance. In the paper, the adequate pair of input and 

output control and measured signals respectively was 

identified by using fundamental design limitation and 

controllability and observability concept, without design the 

controller. The proposed criterion for the selection of 

input/output pair was illustrated on with a three synchronous 

machine system with a WPP connected as a PSS. In this 

research, the controllability/observability method of signal 

selection has been used to prevail the most effective 

input/output pair of candidate signals to damp the inter-area 

oscillation. 

Zhang [2013] demonstrated the design of wide area 

power system damping controller by considering resiliency 

either in the communication system or physical system to 

counteract communication failure. In the paper, the location 

of SVC has been selected to strongly influence the relevant 

inter-area mode of oscillations by computing bus 

participation factor at nominal operating condition of the 

power system. In this paper lead-lag compensator based PSS 

has been used as a wide area damping controller. The 

participation factor of the system has been computed for the 

identification of al low frequency inter-area mode. 

III. RESULTS 

A. Analysis and Discussion of Simulation Results 

To simulate the designed model and using the application of 

‘CPSS’, proposed ‘WPSS’ with considering the effect of 

signal delay and compared with a modified ‘WPSS with PD 

controller’, the following three physical parameters were 

analyzed with the figure from 1 to figure 8 

1) Tie line active power 

2) Rotor speed deviation,  

3) Rotor mechanical angle deviation 

 
Fig. 1: Simulation model for Kundur Two Area Four 

Machines System 

B. Small Signal Stability Assessment 

For small signal stability assessment, a small disturbance of 

5% magnitude pulse was applied for 12 cycles at voltage 

reference of generator-1 with a simulation time of 20 seconds 

for proposed model shown in figure 6.1 As a result the 

simulations were obtained in dot mat file in ‘time series’ form 

were obtained in the workplace of MatLab 2010a. These dot 

mat file then plotted as waveforms shown in figures 6.2 to 

figures 6.8 for 50 ms, 100 ms and 150 ms of signal delay and 

its comparison under different condition. 

 
Fig. 2: Tie-Line Active Power Flow 

With reference to figure 6.2, it is seen that, the 

response of tie-line active power flow from area-1 to area-2 

in which horizontal axis represent the simulation time in 

seconds and vertical line represent the tie-line active power 

flow in Mega Watt (MW). The blue line shows the tie-line 

active power flow without any PSS. The red line represent the 

flow of active power from area-1 to area-2 without any signal 

delay and finally green line represent the tie-line active power 

with 50 ms of signal delay. It can be observed that, even with 

50 ms of signal delay, system instability will be increased in 

term of its number of oscillations, peak over shoot and peak 

under shoot values and settling time with respect to without 

delay. 

 
Fig. 3: Rotor speed of Gen-2 

With reference to figure 6.3, it is seen that, the 

response of generator-2 rotor speed in P.U. The blue line 

shows the rotor speed of generator-2 without any PSS. The 

red line represent the rotor speed of generator-2 without any 

signal delay and finally green line represent the rotor speed 

of generator-2 with 50 ms of signal delay. It can be observed 

that, even with 50 ms of signal delay, system instability will 

be increased in term of its number of oscillations, peak over 

shoot and peak under shoot values and settling time with 

respect to without delay. 

 
Fig. 4: Tie-line active power flow for different delay 
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With reference to figure 6.4, it is seen that, the 

response of tie-line active power for different value of signal 

delay and without PSS. The blue line shows the tie-line active 

power without any PSS. The red line, black line and green 

line represent the tie-line active power with 50 ms, 100 ms 

and 150 ms of signal delay. It can be observed that CPSS 

can’t handle the signal delay and system instability will be 

increased with the increased value of signal delay. For 

Kundur’s two areas four machine system 150 ms of signal 

delay lose the synchronism and whole system becomes 

unstable which was shown in figure 6.3 by green line. 

 
Fig. 5: Tie-Line Active Power Flow with proposed 

controller, 50 ms delay 

With reference to figure 6.5, it is seen that, the 

response of tie-line active power flow from area-1 to area-2 

in which horizontal axis represent the simulation time in 

seconds and vertical line represent the tie-line active power 

flow in Mega Watt (MW). The blue line shows the tie-line 

active power flow in which, controller not handle the time 

delay of 50 ms. The red line represents the flow of active 

power from area-1 to area-2 with proposed controller which 

handle the 50 ms of signal delay.  The green line shows the 

result in which proposed controller is implemented with PD 

controller. Fig-6.2 shows (green line) that CPSS can’t handle 

the signal delay. Therefore, this plot indicates that the 

performance of proposed WADC based on signal delay is 

much better than CPSS. 

 
Fig. 6: Tie-Line Active Power Flow with proposed 

controller, 100 ms delay 

With reference to figure 6.6, it is seen that, the 

response of tie-line active power flow from area-1 to area-2 

in which horizontal axis represent the simulation time in 

seconds and vertical line represent the tie-line active power 

flow in Mega Watt (MW). The blue line shows the tie-line 

active power flow in which, controller not handle the time 

delay of 100 ms. The red line represent the flow of active 

power from area-1 to area-2 with proposed controller which 

handle the 100 ms of signal delay.  The green line shows the 

result in which proposed controller is implemented with PD 

controller. Fig-6.4 shows (black line) that CPSS can’t handle 

the signal delay. Therefore, this plot indicates that the 

performance of proposed WADC based on signal delay is 

much better than CPSS. 

 
Fig. 7: Tie-Line Active Power Flow with proposed 

controller, 150 ms delay 

With reference to figure 6.7, it is seen that, the 

response of tie-line active power flow from area-1 to area-2 

in which horizontal axis represent the simulation time in 

seconds and vertical line represent the tie-line active power 

flow in Mega Watt (MW). The blue line shows the tie-line 

active power flow in which, controller not handle the time 

delay of 150 ms. The red line represent the flow of active 

power from area-1 to area-2 with proposed controller which 

handle the 150 ms of signal delay.  The green line shows the 

result in which proposed controller is implemented with PD 

controller. Fig-6.4 shows (green line) that CPSS can’t handle 

the signal delay. Therefore, this plot indicates that the 

performance of proposed WADC based on signal delay is 

much better than CPSS 

C. Controller Robustness 

To analyze the controller robustness, the performance of the 

system was observed under large disturbance. A three phase 

temporary fault has been applied to Bus-101 for a duration of 

12 cycles. The real power of tie-line connecting Bus-3 to Bus-

13 for a three phase fault on Bus-101, have been observed for 

20s and are shown in Fig-6.8 under the presence of selected 

feedback signal by geometric approach. 

 
Fig. 8: Tie-Line Active Power Flow with proposed 

controller, 150 ms delay 

With reference to figure 6.8 it is seen that the 

response of tie-line active power flow from area-1 to area-2 
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in which horizontal axis represent the simulation time in 

seconds and vertical line represent the tie-line active power 

flow in Mega Watt (MW). The blue line shows the tie-line 

active power flow in which, controller not handle the time 

delay of 150 ms for 3-phase fault. The green line shows that 

the proposed controller performance is more batter even with 

3-phase fault with the effect of 150 ms of signal delay. 

IV. CONCLUSIONS  

Based on the experimental simulation of the designed WADC 

which handle the signal delay, the results the conclusion that 

can be drawn based on the interpretation of the results, in 

chapter-6 the following conclusion are arrived for Kundur 

two area four machines system. 

 Based on the objective 1.3 (a) and its implementation 

discussed in 6.2.1 & 6.2.2 and its interpretation discussed 

in paragraphs of same section, it can be concluded that 

the proposed WADC with signal delay is effective in 

damping out the inter-area oscillation effectively 

compare to CPSS.  

 Based on the objective 1.3 (b) and its implementation 

discussed in section 5.4, it can be concluded that the 

signal selection method used for the WADC, is more 

effective and economical than the conventional methods;  

[Mitra, 2006], selected by geometric measure of joint 

controllability/observability [Hamdam, 1988] selected as 

global signal and speed deviation as local signal. 

 During the experimentation the research and according 

to the objective 1.3 (c) discussed in section 6.2.1 to 6.2.2 

and interpreted in all the paragraphs same section 

realized that comparison of the proposed design not only 

with CPSS, but also with a variation such as ‘WADC 

with PD’ would help to further confirm the damping out 

the solution as conceived by the researcher. 
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