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Abstract— The structure of a modern power system is becoming more and more complex due to large interconnections of the network 

elements. This has posed a lot of challenges in providing a quick solution to power system problems and has been a growing concern to 

power system researchers, utilities and engineers in recent times. One of such problems which require quick solution is the identification of 

coherent generators for dynamic equivalence study in power systems. In solving this problem, various approaches have been proposed in 

the open literature and have been documented. This paper, therefore, provides a comprehensive review of the existing approaches for 

providing solution to the identification of the generators that swing together after the system has been subjected to a fault. The merits and 

the demerits of some of the reviewed techniques are also presented.  

Index Terms— Clustering, Coherency, Dynamic equivalence, Dynamic modelling, Transient Stability.  

——————————      —————————— 

1 INTRODUCTION                                                                     

He study of the complex power system dynamics requires 
modelling of the external system using dynamic in order 
to speed up the solution and consequently reduces the 

size of the problem required to be solved [1]. One good tech-
nique of doing this is by identifying the coherent generators 
within the external system [2]–[5]. The coherent generators can 
simply be referred to as the network generators having a simi-
lar waveform as well as rotor angle and can easily be repre-
sented by a single equivalent generator. In dynamic equivalent 
calculations, one main important task is the generator coher-
ency identification [2]–[7]. The study of the generator coheren-
cy identification among the network generators has a signifi-
cant applications in the control and operation  of power sys-
tems [8]–[11]. The main objective of coherent generator study 
can be related to the study of the generator response, which is 
obtained by carrying out the time domain simulations, when 
the system is subjected to various perturbations [8], [12]–[15].  

Studying the generator coherency in power systems in-
volves determine the coherent structure of the network com-
ponent through effective monitoring of the deviations in the 
rotor angle [16]. Furthermore, modern power system has been 
generally stressed. Consequently, for an effective preventive 
measure to be provided under this stressed condition, identifi-
cation of coherent generators is of paramount importance [3], 
[17]–[19].  

The approaches for classifying generator coherency can 
generally be categorized into two. The first approach is the 
Model Reduction-Based Method (MRBM). In MRBM, the ei-
genvalues and eigenvectors of the network are usually com-
puted for the system analysis. A good example of this is 
demonstrated by Ramaswamy et al. (1997) in [16], where a 
synchronic modal equivalencing (SME), for preserving the 
dynamic equivalence of the network structure, is proposed. 
The second category of the methods are based on the pertur-
bation in the system. This approach uses time domain simula-
tions for determining the group of the generator coherency. 
This approach has been well applied and various methodolo-
gy have been deployed in solving the problem. For instance, 

rotor trajectory index is proposed by Verma and Niazi (2013) 
in [2], , Fourier spectrum-based method by Lei et al. (2002) in 
[7], Fast Fourier dominant interarea mode by Jonsson et al. 
(2004) in [20]. Other methods include Principal Component 
Analysis (PCA) [21], Independent Component Analysis (ICA) 
[15], Hierarchical Clustering-based methods [14], [22], wavelet 
algorithm [23], Hilbert– Huang Transform (HHT) [13]. As a 
result of the variation in the level of generator and load 
(nongenerating) buses coherency buses, most of the tech-
niques proposed in the literature are not suitable for all system 
applications, which include dynamic equivalent schemes, re-
medial action schemes, system protection schemes, controlled 
islanding schemes etc. Though, this may be varied for various 
disturbances occuring at different parts and conditions of the 
system, the real time transient stability assessment is the most 
appropriate method for predicting the network stability status. 
This real time assessment can easily be carried out by consid-
ering the behavior of the generator operating under a per-
turbed condition. Various technicques have benn deployed for 
this assessment in the open literature. 

In this paper, various existing approaches for identifying 
the coherent generators within power systems are comprehen-
sively reviewed. The new direction through which the identi-
fication could be carried out are also revisited in this paper. 

 

2 REVIEW OF THE EXISTING STUDIES ON COHERENT 

GENERATORS IDENTIFICATION 

Significant contributions have been made using model reduc-
tion-based methodology. This concept is based on the deter-
mination of the eigenvalues and eigenvectors of the system. 
For instance, Verdejo et al. (2014) in [9] presented an approach 
based on the modal analysis. The eigenvalues are represented 
by the oscillation modes of the system. These are obtained by 
linearizing the nonlinear expressions, which are used to model 
the behavior of the network. The inter-area modes are deter-
mined, which is then used to identify the network coherent 
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groups. The authors of [24] presented a novel generalized 
technique, which can beused to define generator coherency 
determined by the coherency within the low-frequency inter-
area modes. The spectrum analysis, due to the variations in 
the generator velocity, is used to determine the coherent gen-
erators based on the random load changes, which assumes 
distributed disturbance in the network. In refrence [8], an al-
ternative approach of Transient Severity Index (TSI), for iden-
tifying coherent generators, is suggested. The effectiveness of 
this approach is tested using standard IEEE 39-bus of New 
England network. The results obtained based on the TSI are 
then used to construct a classifier based on the supervised 
learning. This approach uses the support vector machine 
(SVM) for carrying out the severity ranking of the network 
generators. These are then classified into vulnerable and non-
vulnerable generators. The results show that the STI and the 
supervised learning-based methods align well with one an-
other and with the ones published in the literature. Further-
more, a fuzzy clustering-based method for coherent groups 
recognition is proposed in [1]. The Fuzzy Similarity Matrix 
(FSM) is formulated using maximum-minimum algorithm and 
tested using the EPRI-36 bus network of PSASP. Although, the 
results obtained compared well with that obtained using time 
simulations method compared to A-K method, the proposed 
method identified coherent generator groups in quickly. A 
new approach for identifying the groups of coherent genera-
tors in a large large power system is proposed method in ref-
erence [25]. Two basic concepts are adopted in this method. 
First, the approach is based on two coherency criteria, which 
are formulated using the time response of the linearized mod-
el of power systems. Second approach solely depends on the 
application of Fuzzy C-Means clustering algorithm. The study 
also presented a new method for dynamic equivalence con-
struction in power system. The proposed approach is tested 
using two different networks. The results obtained showed 
that the proposed approach is suitable for determining the 
group of generator coherency as well as in constructing of the 
dynamic equivalent of power network. In [26], a new method 
for identifying the group of generators that are coherent based 
on synchronization coefficients. The method applied a coher-
ency criterion, which is based on the weighted complete graph 
model that presents the relationship between the integrity of 
the grid connections and the synchronization coefficient. The 
applicability of the method is tested using the standard IEEE 
39-bus network. The results obtained revealed that the pro-
posed approach is effective, simple and identifies the group of 
coherent generators quickly in power systems. More recently, 
as a result of the frequent vvoltage collapse experienced by 
many power grids, application of generator coherence identi-
fication for controlling network islanding is proposed by the 
authors of reference [4]. The approach is explored to deter-
mine the optimal cut-set to maintain the transient stability of 
the post-islanding power networks. The approach presented 
uses phasor measurement unit (PMU) data and dynamic time 
warping (DTW). The results obtained from the identification 
of coherency are then applied cluster the nongenerator buses 
based on the spectral clustering such that the power flow dis-
truption is drastically minimized. The method is tested using 

the standard IEEE 39-bus system as well as WECC 179-bus 
system. It is shown that the approach is suitable for identify-
ing the coherent group of generators within power systems. In 
reference [27], the application of a supervised learning-based 
model, for identifying coherent generators, is presented by the 
authors. The rotor angle, as well as predicting the transient 
stability status of the network, following a large distrubance, 
is predicted. Consequently, the coherent group of generators 
are identified based on the support vector machines, which is 
also proposed by the authors. The effectiveness of the method 
is tested on IEEE-39 bus test system. The real time state of the 
generator as well as the generator synchronism state are then 
determined. 

3 CHALLENGES WITH THE EXISTING APPROACHES 

Based on the foregoing, various approaches for identifying 
the coherent group of generators within the power systems 
have been holistically reviewed. Alhough, significant contri-
butions have been recorded based on these methods, there 
exists some bothlenecks associated with these approaches. 
Some of these approaches are formulated as optimization 
problems while some employed meta-heuristic-based ap-
proaches. In solving the optimization-based problems, itera-
tive procedures are required which could be time-consuming. 
Another challenge with this approach is the premature con-
vergence; local optimal solution could be obtained instead of 
global optimal solution. This affect the accuracy of the solution 
significantly and hence not well suitable for a large-sized prac-
tical power system. Also, the computational time could be 
enormous and therefore affects the size of the memory re-
quired for the computations. This is also applicable to the me-
ta-heuristic-based methods. Large computer space is usually 
required for the computations. 

  4 SUGGESTED APPROACH FOR SOLVING THE PROBLEM 

In tackling the above-mentioned challenges, a non-iterative-
based approach is suggested in this study. The approach is 
based on the structural interconnections of the network ele-
ments and the relative electrical distances between the net-
work. This approach has been applied to solve various power 
system problems in the literature [28]–[31]. However, its ap-
plication to identifying the coherent group of network genera-
tors has not been investigated. Advantages of this approach 
are as follows: it does not require a slack bus for its computa-
tions, it provides solution to the problem faster (in just a com-
putational time) as it does not involve iteration, it saves time 
and does not require a large memory for storing the computa-
tions. Some of the problems, which this structura- based ap-
proach has been used to provide effective solution to loss allo-
cation problem [29], identifying suitable location for TCSC 
placement in power systems to enhance the voltage profile as 
well as reduces the network losses [30], identification of criti-
cal buses and weaktransmission lines [28], etc. It is therefore, 
believed that the benefits derived in this new approach could 
be effectively explored to identify coherent generators within 
power system in a more effective manner. 
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4 CONCLUSION 

In this paper, a comprehensive review of the existing studies 

for identifying coherent generators are presented. Various 

techniques in used for resolving this issue are presented. The 

merits as well as the demerits of each method are presented. 

The study also profer useful solution by suggesting a non-

iterative-based procedure, which reduces the computational 

time without sacrificing the results accuracy and reliability. 

This study, therefore, serves as a good signal through, which new 

methods for identifying coherent generators for dynamic equiva-

lencing in power systems, could be provided. This will also be 

helpful to power system operators and planners in determining 

the suitability of the methods for practical applications. 
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