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Abstract- Power system dynamic security assessment and control is becoming more challenging task in the transfer capability 
determination due to several new constraints, obligations and challenges that need to be encountered by the utility. Dynamic 
response of a power system plays an imperative role in the analysis of system stability and blackout events that usually caused 
by the impact of enormous and unforeseen occurrence of fault, unexpected generation and load outages, disconnection of 
transmission lines and abrupt disengagement of loads. Therefore, this paper proposes a computational realistic algorithm in 
order to monitor the stability of generator rotor angle due to the impact of contingency event to the power system. The event of 
transmission line tripping is known as one of the major factors that could contribute to power system instability. Due to this 
condition, this paper proposes an intelligent monitoring system by using graphical user interface (GUI). The GUI is 
programmed to provide early detection to the system utility prior to any major disturbance to the power system. The 
computation of rotor angle stability entails an essential numerical formulation derived from the fault condition. The IEEE 
Reliability Test System 1979 (RTS-79) is used to validate the robustness of the proposed methodology in monitoring the 
generator rotor angle due to the effect of transmission line tripping. The results could assist the system operator as an early 
detection of any instability to the power system. 
 
Index Terms- Graphical User Interface, Rotor Angle Stability, Transient Stability Assessment 
 
I. INTRODUCTION 
 
In many countries around the world, the electric power 
systems are operating in a deregulated environment 
where the generation, transmission and distribution 
systems owned by different companies will enhance 
intense competition in the electricity market among 
them in order to provide more reliable, cost effective 
and efficient electricity to the consumers [1]. In a 
deregulated or restructured power system, its 
implementation of system policies, operation, 
management and planning will be different compared 
to a traditional approach of vertically integrated power 
system where the generation, transmission and 
distribution systems are owned and operated by a 
single entity.  In order to ensure a secure operation of 
deregulated power system with persuasive activities in 
electricity market, the Independent System Operator 
(ISO) is responsible in congestion management for the 
attainment of system security and the Available 
Transfer Capability (ATC) determination to ensure 
effectiveness in the electricity market [2]. Usually, a 
congested transmission system is considered in the 
ATC computation in order to ensure effective and 
secure power transfer between each regional of 
transmission system. 
 
It is important to consider all the system security 
constraints such as the static, voltage and transient 
limits in the transfer capability computation. For that 
reason, the power system dynamic security assessment 
and control is becoming more challenging task in the 
transfer capability determination due to several new 
constraints, obligations and challenges that need to be 

encountered by the utility. Basically, the Transient 
Stability Assessment (TSA) is used to evaluate the 
quality of dynamic response when a system is exposed 
to various disturbances. Dynamic response of a system 
plays an imperative role in the analysis of system 
stability and blackout events that usually caused by the 
impact of enormous and unforeseen occurrence of 
fault, unexpected generation and load outages, and 
abrupt disengagement of loads [3]. 
 
Dynamic stability of a system can be classified into 
three major groups which are frequency stability, 
voltage stability and rotor angle stability. Frequency 
stability is defined as the capability of a power system 
to preserve a steady frequency subject to a disturbance 
caused by a considerable imbalance between the 
power generated and the load [4]. Meanwhile, voltage 
stability refers to the ability of a power system to 
maintain secure voltage at all buses due to a 
disturbance [5]. Finally, rotor angle stability is 
associated with the changes of active power flow that 
creates angular separation between synchronous 
machines in the system [6]. 
 
Due to the situation stated above, it is important to 
monitor the system stability prior to any major 
disturbances. In this paper, the main concern is to 
propose an effective monitoring system to monitor the 
rotor angle stability of a power system. Graphical User 
Interface (GUI) is adopted in this study as a medium of 
monitoring. The rotor angle of a generator is 
monitored due to the effect of dynamic system 
cascading collapse. 
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II. METHODOLOGY 
 
The methodology of this research is divided into three 
main sections. The first section will show in detail on 
the methodology of Transient Stability Assessment 
(TSA). The results of rotor angle, δn for the generators 
will be used in the next step, which is the risk 
assessment of dynamic system cascading collapse due 
to transmission line tripping. Finally, the development 
of GUI will be outlined. 
 

A. Transient Stability Assessment 
The TSA is performed in order to obtain the rotor 
angle response (δn) of each generator. The preliminary 
step necessary for the TSA is to solve the base case 
power flow in order to obtain the initial bus voltage 
magnitudes (Vn), phase angles, real power (Pe) and 
reactive power (Qe) for a system. Consequently, for 
each generator, the machine current, In is calculated by 
using equation (1). 
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Where, n = 1, 2, 3… R and R is the total number of 
generator buses.  The generator current, In obtained 
from equation (1) is then used to calculate the voltage 
behind the transient reactance, ܺௗ

′ , for each generator 
as in equation (2). 
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Therefore, the reduced bus admittance matrix, 
ܻ௨௦
ௗ௨ௗ that takes into consideration the internal 

generator is defined as in equation (3). 
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Equation (4) is applied to obtain the real output power, 
Pmn of the generator. 

)cos('
1

'
knnk

reduced
busYkE

R

k
nEPmn  


          

(4) 
 
Finally, the δn for each generator can be calculated by 
using equation (5). 
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Where new

nkY = reduced
busY  

 
The flowchart to perform the TSA is shown in Fig. 1. 
 

 
Fig. 1: Flowchart of transient stability assessment during fault 

condition. 
B. Risk Assessment of Dynamic System 

Cascading Collapse 
The procedure of a dynamic system cascading 
collapse begins with an initial tripping of a 
transmission line inducing to the cascaded tripping of 
an exposed line or generator due to the effect of relay 
hidden failure. The critical clearing time, tୡ specified 
for line tripping as well as the generator stability limit 
referring to its frequency response and rotor angle 
attest that the dynamic system cascading collapse is 
different against the static system cascading collapse. 
The proposed technique used to perform the risk 
assessment of a dynamic system cascading collapse 
due to the initial tripping of transmission line is shown 
in Fig. 1 [7][8]. 

 
Fig. 2: Flowchart of risk assessment for a dynamic system 

cascading collapse 
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C. Graphical User Interface 
Graphical User Interface (GUI) is used to interact with 
electronic devices through graphical icons and visual 
indicators such as secondary notation, instead of 
text-based user interfaces, typed command labels or 
text navigation. Fig. 3 shows the flowchart of the GUI 
implementation in order to interact with the program 
of risk assessment of dynamic system cascading 
collapse. 

 
Fig. 3: Flowchart of GUI implementation 

 
III. RESULTS AND DISCUSSION 
 
This section discusses on the results of power system 
rotor angle stability due to the impact of dynamic 
system cascading collapse. The proposed technique is 
tested on the IEEE RTS-79 [9]. This system consists of 
32 generating units with the total generation capacity 
is 3405MW, 20 load buses summing up to 2850MW 
total load and 38 transmission lines. The rotor angle 

for each generator is obtained based on increment in 
the system total loading condition. 
User can input the transmission line to be tripped and 
the total loading condition of the system. From that, a 
graph will be plotted to show the rotor angle response. 
Therefore, from the results, the user can make a 
conclusion whether the system is in stable condition or 
vice versa due to the input that has been entered. 
 
Fig. 4 shows an example of the GUI template where 
line 1 has been selected to be the tripping line and the 
load is increased 70% higher from its normal loading 
condition. 

 

 
Fig. 4: GUI template during 170% load increment and line 1 

tripped 
 

Fig. 5 shows the plot of the rotor angle for each 
generator due to the input stated above. The machine is 
said to be critically unstable if the rotor angle δ୬ 
exceeds 180o and vice-versa for the non-critical 
machine [10]. 

 

 
Fig. 5: Rotor angle response during 170% load increment and 

line 1 tripped 
 
Fig. 6 shows the GUI template where line 1 has 

been selected to be the tripping line and the load is 
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increased 100% higher from its normal loading 
condition. 

 

 
Fig. 6: GUI template during 200% load increment and line 1 

tripped 
 
Fig. 7 shows the plot of the rotor angle for each 
generator due to the input stated above. The machine is 
said to be critically unstable if the rotor angle δ୬ 
exceeds 180o and vice-versa for the non-critical 
machine [10]. 
 

 
Fig. 7: Rotor angle response during 200% load increment and 

line 1 tripped 
 
On top of monitoring the generator rotor angle 
response, the GUI can also monitor the other 
transmission line status as a result of the initial line 
tripping and also load increment. This is shown in 
Fig. 8 where the highlighted column indicates the 
line status. The value ‘0’ indicating that the 
transmission is out of service while the value ‘1’ 
indicating that it is in service. Therefore, from this 
information, the power system operator could take 

early action on the transmission line that is tripped 
so that it could prevent from the occurrence of large 
disturbance. 

 
 

CONCLUSION 
 
In a nutshell, throughout the research, the 
development of GUI for power system rotor angle 
stability was successfully designed. The rotor angle of 
all generators in the IEEE RTS-79 can be observed 
through the GUI implementation. Thus, the stability of 
power system due to rotor angle stability can be 
monitored. Besides that, the program of dynamic 
system cascading collapse also gives more reliable 
prediction of the generators’ rotor angle and the line 
that is affected when a transmission line is tripped. 
Thus, this system can be introduced and implemented 
in the existing power plant to provide awareness to the 
operators due to the contingency events. This is to 
provide a quick and efficient detection time in order to 
detect the frequency instability that will cause the 
generator tripped. 
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