
 

 

Abstract — Controlled islanding of a power 
system is an efficient corrective measure for 
limiting system blackouts after a large disturbance 
has occurred. It limits the occurrence and 
consequences of blackouts by splitting the power 
system into a group of smaller, islanded power 
systems, or islands. Different methods have been 
proposed for finding possible islanding solutions, 
i.e. determine where to split the power system. 
However, there are still several unsolved problems: 
1) several objectives of controlled islanding have 
been proposed: minimal power imbalance, minimal 
power-flow disruption and minimal dynamic 
coupling. Further research is necessary to 
determine which one is better to achieve stable 
islands; 2) the time complexities for solving 
controlled islanding problem vary with different 
objectives. However, this feature hasn’t been 
addressed and even has been misread. 3) Existing 
methods are based on pre-fault power flow 
snapshots of power systems and do not consider 
the dynamic process after disturbance happened. 

These unsolved problems of controlled islanding 
are discussed and analyzed in this paper. It can be 
concluded that the efficient evaluation of islanding 
solutions is necessary for solving these 
above-mentioned problems.  

 
Index Terms — Controlled islanding, objective 

function, evaluation strategy. 
 

1. INTRODUCTION  

n recent years, rapid increase in load demands, 
requirements of power system regulation, and 

the integration of renewable resources, have 
pushed the operating conditions of modern power 
systems ever closer to their stability limits. With the 
reduced security margin, any violation of security 
limits leads to far-reaching consequences for the 
entire power system, such as wide-area blackouts. 

Controlled islanding is an active and effective 
way of avoiding catastrophic wide area blackout. 
When the system integration cannot be 
maintained any more under severe disturbances, it 
splits the whole power system into several power 
islands to save the load supply based on the online 
information acquired by WAMS (Wide Area 
Measurement System). A practical controlled 
islanding scheme needs to address two critical 
problems: 1) Where to split? (i.e., the splitting 
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boundary to form sustainable islands.); 2) When to 
split? (i.e., splitting timing.)  

Many methods have been proposed to find the 
proper splitting boundary. In [1] and [2], an 
Ordered Binary Decision Diagram (OBDD) 
method and Breadth First Search (BFS)/Depth 
First Search (DFS) algorithms are presented to 
find the power-balanced islands containing 
coherent generator groups, respectively. 
According to [1], the controlled islanding problem 
with minimal power imbalance is NP-hard 
(non-deterministic polynomial-time hard), which 
means it is extremely difficult to find a deterministic 
solution within polynomial time.  

To overcome this problem, the original network 
is usually simplified to contain less than 40 nodes 
[1]. Simplifying the original network to this content 
can lead to better solutions, which may exist in the 
original network, being missed. In [3], a small 
subset of the original network, called weak area, is 
served as reduced solution space to improve the 
computation efficiency. However, although 
simulations show that the solutions of minimal 
power imbalance are always near the weak area, it 
still needs more theoretical proofs to validate.  

Some heuristic methods, such as Angle 
Modulated Particle Swarm Optimization, are also 
proposed to overcome the computation efficiency 
problem [4],[5]. Reference [4] neglects the 
connectivity of sub-graph to achieve computation 
efficiency. Consequently, the solution may contain 
isolated buses. 

The k-way partition and spectral clustering 
methods are also proposed to solve this controlled 
islanding problem [6],[7]. These methods have 
excellent computational efficiency, but they do not 
consider the constraints, as a sequence that 
generator coherency within each island cannot be 
guaranteed. On the other hand, using spectral 
clustering directly to split the network without any 
constraint often leads to simply separating one 
node from the rest of the graph. These two forms 
of solutions are clearly unacceptable for a power 
system splitting. 

It can be seen that many works has been done 
on this topic, but there are still several unsolved 
problems. For example, what is the essential 
difference of these algorithms and which one is 
better? This paper aims to explore some basic 
differences of these algorithms, and summarizes 
some unsolved problems of this topic. It concludes 
that the efficient evaluation of islanding solutions is 
necessary for solving these problems. 
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2. THE CLASSIFICATION AND DIFFERENCE OF 

EXISTING ALGORITHMS 

It is quite complicated to determine a real-time 
splitting boundary for considering a large number 
of constraints, such as load-generation balance, 
generator coherency, thermal limits, voltage 
stability, transient stability, etc. It is a 
multi-objective and multi-constraint optimization 
problem from the mathematic view. In fact, the 
solution satisfying all constraints may even not 
exist or be too hard to solve. That is why stable 
islanding can usually be achieved not only by 
controlled islanding, but also by coordinated load 
shedding and other corrective measures. A 
practical method for solving this problem is 
simplifying it as a single-objective optimization 
problem with several constraints. In general, its 
objective function is the minimal power imbalance 
within islands or the minimal power-flow 
disruption, whilst the constraints are coherent 
generator groups. 

According to the objective function used, the 
existing methods can be classified as three 
groups:  

1) Minimal power imbalance within islands. In 
[1],[4], the power imbalance is expressed by the 
difference between power generation and power 
consuming within each island.  In [2], this power 
imbalance is also expressed by the algebraic sum 
of power flow between islands. 

2) Minimal dynamic coupling between coherent 
areas. In [3],[8], the slow coherency method is 
extended to load buses to find the weak 
connection between islands. By setting a 
threshold, this weak connection can also be 
extended as a weak area. Simulations show that 
the solutions of minimal power imbalance are 
always near the weak area 

3) Minimal power-flow disruption between 
coherent generator groups. Besides the power 
imbalance and dynamic coupling, the absolute 
value of power exchange is also used as the 
objective function of controlled islanding [6],[7].  

It is worth to know that both active power and 
reactive power should be considered in power 
imbalance and power-flow disruption. However, to 
simplify the analysis only active power is involved.  

According to the algorithm type used to solve 
the optimization problem, these methods can also 
be classified as another three groups:  

1)  Global search methods, such as BFS/DFS 
and OBDD [1],[2]. The global search algorithms 
can search the entire solution space and find every 
solution. However, the computation efficiency is 
often a challenge to apply on large networks for the 
occurrence of combinatorial explosion of solution 
space.  

2) Heuristic search methods, such as methods 
proposed in [4],[5]. Heuristic search methods are 
usually quite flexible and have satisfactory 
computational efficiency. However, the solution 
quality cannot be guaranteed since they are 
designed to find local, rather than global, minima. 

3) Global optimization methods, such as weak 
connection and spectral clustering [3],[6],[7],[9]. 
These algorithms can get the relaxed deterministic 
solution of combinatorial optimization problems 
within polynomial time. 

The most instinct difference is the objective, 
which will lead to different solving algorithms and 
different solutions. 

3. EFFECT OF DIFFERENT OBJECTIVES ON ISLAND 

STABILITY 

In this section, simulations on the IEEE-118 test 
system are used to validate the effect of different 
objectives on stability of islands formed. Suppose 
that at the time0.0s, a three-phase fault occurs on 
bus 25 and is then cleared at 0.22s by tripping line 
23-25. After the fault is cleared, the generators 
lose their synchronization and form two coherent 
groups Group1:{10,25,26,31} and Group2: 
{46,54,59,61,65, 66,69,80,87,89,100,103,111}. To 
simplify the analysis, classical generator models 
are used and all AVR & Governor controllers are 
disabled.  

 

 

Fig.1 Islanding solutions of different objectives 

 
The islanding solutions of different objective 

function are showed in Fig.1 and their differences 
are compared in Table 1. 
 

TABLE I THE ISLANDING SOLUTIONS OF DIFFERENT OBJECTIVES 
Islanding solution  Pij 

(MW) 

|Pij| 
(MW) 

Qij 
(MVar) 

Remark 

15-33,34-37,30-38,43-
44,34-36,23-24 

-3 219 -32/-14 
Min power 
imbalance 

 15-33, 19-34, 30-38, 
23-24 

74 81 10/-60 
Min 
power-flow 
disruption 

42-49, 43-44,38-65, 
24-72,24-70 

-332 335 -38/-36 
Min 
dynamic 
coupling 

 
These three islanding solution are executed at 

0.62s and the generator speeds after the splitting 
are showed as Fig.2 to Fig.4, respectively. By 
using the solution of minimal power imbalance, the 
island 1 containing the Group 1 reaches a 
permissible speed range (0.95-1.05p.u.) after 
40.131s and its stable speed is 1.031p.u.. By using 
the solution of minimal power-flow disruption, the 
island 1 reaches the permissible speed range after 
15.281s and its stable speed is 0.970p.u.. With the 
solution of minimal dynamic coupling, the island 1 
cannot reach a permissible speed.  

 



 

 

Fig.2 Generator speeds after executing the solution  
of minimal power imbalance. 

 

 

Fig.3 Generator speeds after executing the solution  
of minimal power-flow disruption. 

 

 

Fig.4 Generator speeds after executing the solution of minimal 
dynamic coupling. 

 
It can be concluded that the minimal 

power-imbalance helps to create islands with good 
load-generation balance and then achieve minimal 
stable frequency deviation of each island.  

The minimal power-flow disruption favors 
minimizing the disruption of power flow, improving 
the transient stability of each island, avoids the 
overloading of transmission lines and eases the 
reconnection of islands. However, its power 
balance is worse than the solution of minimal 
power imbalance, and in some cases it needs 
shed more loads after the splitting. 

4. SOLUTION DISTRIBUTION OF DIFFERENT 

OBJECTIVES 

The solution distributions of minimal power 
imbalance and minimal power-flow disruption are 
showed as Fig.5 and Fig.6, respectively. It can be 
seen from Fig.5 that the flows on splitting 
boundary are often bidirectional and the solution 
distribution of minimal power imbalance is 
irregular (like solution I and III in Fig.5). In addition, 
power flow exchanges on the boundary of 
power-balance areas are still quite large, which will  
 

 
 
 

 

lead to a long calm-down process after the 
splitting. For example, solution I has only 3 MW 
active power imbalances but has 100MW power 
exchange on splitting boundary. 

In the meanwhile, solutions of minimal 
power-flow disruption are distributed in regular and 
very close.  It means that if the optimal solution is 
missed, the similar one may still be a good 
solution. However, the solution of minimal 
power-flow disruption may bring a larger power 
imbalance which means shedding more loads. For 
example, the solution I in Fig.6 only has an active 
power-disruption of 81MW but has a power 
imbalance of 74MW.    

However, which one is better for the islanding, 
minimal power imbalance or minimal power-flow 
disruption, or a factor combined both of them? 
This question is unsolved and needs further 
research to explore. 
 

 

Fig.5 Solution distribution of minimal power imbalance 

 
 

 

Fig.6 Solution distribution of minimal power-flow disruption 

 

5. DYNAMIC PROCESS OF SPLITTING 

Since the splitting is executed during the 
dynamic process after a severe disturbance 
occurs, the islanding solution should be 
determined based on real-time information of the 
dynamic process. However, most of existing 
methods are based on the snapshots before 
disturbance and do not consider dynamic process.  
It is necessary to check if the optimal solutions 
found in steady state are still valid in dynamic 
process. 

 



 

 

Fig.7 Solutions of minimal power imbalance at different time 

 

Moreover, the splitting boundaries may vary 
during the dynamic process. For example, the 
solutions of minimal power-flow disruption at the 
time of fault occurring (t=0), before fault clearance 
(t=0.2118s), after fault clearance (t=0.2718s) and 
before splitting execution (t=0.5818) are showed in 
Fig.7. Further research is necessary to determine 
which snapshot should be used to produce 
islanding solution. 

6. DIFFERENCE OF TIME COMPLEXITY 

In the literature, the controlled islanding problem 
is usually seemed as a NP-hard problem which 
cannot be solved efficiently within polynomial time. 
However, the time complexity of controlled 
islanding varies with its objective function. 

Using the minimal power imbalance as objective 
function, the controlled islanding problem can be 
modeled as a 0-1 Knapsack problem which is 
NP-hard and cannot be solved efficiently. Thus, 
the original power network should be simplified to 
contain less than 40 nodes to apply global search 
method, e.g. OBDD and BFS/DFS methods. 
Another option is using heuristic methods. 

Using the minimal power-flow disruption or the 
minimal dynamic coupling as objective function, 
the controlled islanding problem can be equivalent 
to a minimum cut problem of undirected graph, 
which can be solved efficiently. The most 
difference is that calculating the power-flow 
disruption or dynamic coupling will omit the 
direction of power flow and then can be modeled 
as undirected graph partitions with lower time 
complexity. For example, the computation time of 
the OBDD method is almost in exponential order, 
while the computation time of the spectral 
clustering method is only (n

3
), and even could be 

reduced to (n
4/3

) [7],[9].  
It is very important to distinguish the difference 

of time complexity introduced by different 
objectives.  If the controlled islanding problem is 
NP-hard, e.g. using minimal power imbalance as 
the objective, there is no efficient algorithm exists 
and the practice way is reducing the solution space 
(by simplifying the network or using a subset of 
original network) or using heuristic methods. 
However, if the controlled islanding problem is a P 
problem, e.g. using minimal power-flow disruption  
 

or minimal dynamic coupling as the objective, it is 
likely to be solved efficiently and does not need 
network simplification. 

7. DISCUSSION AND CONCLUSION 

It can be concluded that there are still several 
unsolved problems of the controlled islanding: 1) 
there are many objective functions have been 
used in literature, such as minimal power 
imbalance, minimal power-flow disruption and 
minimal dynamic coupling. It needs further 
research to compare and analyze the differences 
between them. 2) The time complexity of the 
controlled islanding problem is misread. The 
controlled islanding problem is not always 
NP-hard, but varies with its objective function. 3) 
Existing methods are based on the snapshots 
before disturbance occurrence and do not 
consider dynamic process.   

Based on above analysis, we need rethink such 
a question: how to define the goodness of an 
islanding solution, or how to evaluate the 
goodness of islanding solutions? 

To compare and evaluate the controlled 
islanding algorithms with different objective 
functions, an efficient evaluation method is 
necessary for quantitative analysis of frequency 
stability, transient stability and voltage stability of 
islands formed. By using different islanding 
solutions with different objectives, the coherent 
generator groups are the same but the topology 
and loads of island formed are different. A big 
challenge for quantitative analysis is that existing 
stability analysis methods are based on OMIB 
(one-machine infinite bus) model and cannot 
reflect the change of topology explicitly.  

Several unsolved problems of controlled 
islanding are discussed and analyzed in this paper. 
It concludes that an efficient evaluation of islanding 
solutions is necessary for solving these problems.  
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