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Abstract— Preventive control selection for voltage stability 

concerns with determining the preventive controls that have to 

be activated, and finding a coordination between these 

preventive controls. This work develops an index, namely 

correction index CI, that can be used to rank the preventive 

controls for voltage stability analysis. This ranking helps the 

operators to select the most effective preventive controls to 

simultaneously mitigate the impacts of system contingencies on 

the critical buses. In other words, if such index is used for 

control selection, the useless (or less effective) controls can be 

ignored. This index is based on the degree of the effectiveness of 

the preventive controls to improve the voltage stability margin 

of power systems. The index can measure the efficiency of each 

preventive control not only to one bus (i.e. pilot bus), but to 

multiple critical buses of the system. The cost aspect is also 

involved in index calculation to distinguish between the cheap 

and the expensive controls. This means that the correction index 

helps the operators to select only the cheap and the high-

effective controls. The proposed method is tested on the IEEE 

39 bus network under a contingency scenario. The results show 

that the proposed index is accurate and valid for control 

ranking.  

Keywords— Voltage stability; Preventive Control; Controls 

Ranking; Controls Coordination; Control selection, Smart grids. 

I. INTRODUCTION 

     Voltage instability is one of the main problems in power 
networks. Many blackouts occurred around the worldwide due 
to voltage instability [1]. Thus, the development of assessment 
tools for voltage stability is necessary. This necessity is also 
raised with the development of distributed generation in 
power systems due to the variation in the power generation. 

     Once the contingency occurs on power systems, network 
operators have to take measures to mitigate contingency 
impacts on system voltage stability. If the distance to voltage 
instability is less than a specific threshold value, the 
contingency can be considered critical. If such critical 
contingency occurs on the power system, the network 
becomes insecure and control measures have to be applied to 
restore the system to a secure condition. It is worth mentioning 
that the voltage stability margin is usually determined by 

taking the difference between the highest loadability point and 
the present loading point. 

Various approaches have been proposed to select the 
preventive or corrective controls for power systems [2]-[4]. 
One of these approaches is based on optimization problems 
for control selection for voltage stability analysis. The voltage 
stability margin is usually constrained through the 
optimization problem. The approach presented in [5] is an 
example of optimization-based methods.  

     However, a larger number of the preventive controls has to 
be used in the case of optimization-based methods. Another 
issue is that in case of dealing with multiple critical buses 
(instead of only pilot bus), the number of controls is further 
increased. This issue mainly occurs in the case of coordinated 
control schemes. Therefore, optimization approaches are not 
suitable for practical power systems with a large number of 
control variables. 

     To avoid the problems associated with optimization-based 
methods, some authors have developed techniques to choose 
the most efficient controls. These techniques are generally 
based on sensitivity analysis [6]-[12] of voltage stability 
margin (i.e. maximum loadability point) with respect to the 
preventive/correction controls. The controls can be then 
classified based on the sensitivity values.  

     The sensitivity analysis can usually rank the preventive 
controls for each individual bus of the system. However, they 
are not able to provide ranking and coordination in case of 
dealing with multiple critical buses. Considering only one bus 
of power system (i.e. pilot bus) for voltage stability analysis is 
not enough to ensure that the system is secure. This is due to 
the fact that the sensitivity analysis cannot provide the exact 
relation between the preventive controls and network buses. 
Actually, differences (i.e. errors) can be found between the 
obtained sensitivities and the actual dependences of the 
controls and network buses. This means that there is no 
guarantee that improving the voltage stability margin of pilot 
bus will make the system secure. There is possibly another 
critical bus in the system with a lower voltage stability margin. 
Moreover, with the development of fast response devices 
associated with distributed generators (i.e. power electronic 
devices), it is also necessary to consider a group of critical 
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buses to reduce the errors in voltage stability assessment. The 
critical buses are usually defined as buses with lower voltage 
stability margins. 

     In general, there are three main tasks for efficient 
preventive control selection: 

1. Ranking the preventive controls based on their 
effectiveness (and any other factors) in instability 
mitigation.  

2. Determination of the preventive controls that have to 
be used for instability elimination according to a 
selection technique. 

3. Control coordination between the selected preventive 
controls.   

The target of this work concerns with task 1. Tasks 2 and 3 
will be discussed in the next work.  

     To achieve task 1 and considering the aforementioned 
limitations, this work presents an index to rank the preventive 
controls to simultaneously mitigate the impacts of system 
contingencies on the critical buses. The index value represents 
the degree of the effectiveness of each preventive control with 
respect to critical buses. The effectiveness of the preventive 
controls mainly depends on the sensitivity of network buses 
with respect to preventive controls. The index is also 
formulated to measure the effectiveness to multiple critical 
buses, not only one bus. Besides, it includes control cost in the 
analysis. This index can be implemented for preventive 
control selection by sequentially choosing the controls, 
starting from the controls with higher ranks. By this strategy, 
cheap and high-effective preventive controls can be easily 
obtained for voltage instability mitigation.  

     The rest of this paper is organized as follows. Section II 
presents the sensitivity analysis approach used for the index. 
Section III presents the correction index formula.  Section IV 
shows the simulation results and discussions while section V 
shows the conclusions.  

II. SENSITIVITY ANALYSIS 

     With the evolution of monitoring devices, it is possible to 
design a model for online voltage stability prediction. The 
nodal currents of a multi-node power system can be expressed 
as:  
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     Where 𝐼𝐺  and 𝑉𝐺  are current and voltage vector of 
generator nodes, respectively.  𝐼𝐿  and 𝑉𝐿  are current and 
voltage vector of load nodes, respectively. 𝑉𝑇 is voltage vector 
of tie nodes. The terms 𝑌𝐺𝐺 ,  𝑌𝐺𝐿 , 𝑌𝐺𝑇 , 𝑌𝐿𝐺 , 𝑌𝐿𝐿 , 𝑌𝐿𝑇 ,  𝑌𝑇𝐺 , 
𝑌𝑇𝐿 , 𝑌𝑇𝑇 are submatrices of the network admittance matrix Y.  

     The nodal currents presented in (1) can be extended to 
include the generator reactive power limits violation by 
including internal characteristics of generators.  Thus, (1) 
becomes:  
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Where 𝐸𝐺  represents the internal voltage of the generator. 
𝐼𝐺  is the generator current. 𝑌𝑛 is a diagonal matrix. Each 
element of 𝑌𝑛 represents the reciprocal of the impedance 𝑍𝐺. 
𝑍𝐺 is the internal impedance of the generator. 

According to [13], a voltage sensitivity margin 𝛹 of bus i 
can be derived as: 

𝛹𝑖 =
|𝑍𝐿,𝑖|−|𝑍𝑒𝑞,𝑖|

|𝑍𝐿,𝑖|
                                        (3)  

     Where 𝑍𝑒𝑞  𝑎𝑛𝑑 𝑍𝐿 are the equivalent and load impedances 

of system node “i”, respectively, and can be calculated as 
presented in [13]. The values of 𝛹 can be varied in the range 
[0, 1]. The collapse point occurs when 𝛹 =0.   

     In this work, the same sensitivity approach proposed in 
[13] is also used for sensitivity analysis. The terms 𝜕𝛹𝑖/ 𝜕𝑢𝑘 
is used to obtain sensitivity of voltage stability margin of bus 
ith to the change in the preventive control “k”. Preventive 
controls can be capacitors and tap changers of the 
transformers, active and reactive power of generators or 
distributed generation units (i.e. power electronic devices). 

     For the change in a particular preventive control 𝛥𝑢𝑘, 𝛥𝛹𝑖  
can be expressed as: 

𝛥𝛹𝑖 =
𝜕𝛹𝑖

𝜕𝑢𝑘

  𝛥𝑢𝑘      

     Where 𝜕𝛹𝑖 / 𝜕𝑢𝑘 is the sensitivity of ith voltage stability 
margin to kth preventive control.  

The normalized  sensitivity between any preventive 
control “i” and bus k (𝛿𝑖𝑘) can be obtained as: 

𝛿𝑖𝑘 =
𝜕𝛹𝑖/ 𝜕𝑢𝑘

𝑚𝑎𝑥 (𝜕𝛹1/ 𝜕𝑢𝑘, 𝜕𝛹2/ 𝜕𝑢𝑘, … , 𝜕𝛹𝑛/ 𝜕𝑢𝑘 )
        (4) 

 

III. FORMULATION OF THE CORRECTION INDEX 

     In this section, the normalized sensitivities are utilized to 
develop an index (i.e. correction index) that ranks the system 
preventive controls for control selection.  The correction index 
can measure the effectiveness of each preventive control for 
instability mitigation.  The index depends on the voltage 
sensitivities of network buses with respect to the preventive 
controls. 

     The normalized sensitivity illustrated in (4) presents the 
effectiveness of each preventive control. For the control 𝑢𝑘, 
let 𝛅𝑘  be the sensitivity vector of the multiple buses with 
respect to the preventive controls as: 

𝛅𝑘 = [𝛅1k, 𝛅2k, … , 𝛅ik, … , 𝛅nk ]                           (5) 

     The cost of preventive controls can be involved in the index 
by modifying (5) as:  

𝛅𝑥
′ =

 𝛅k

𝐶k
                                             (6) 

Where 𝐶k is the unit cost of the kth preventive control.   

     The corrective index CI of the preventive control can be 
found by taking the summation of 𝛅𝑖𝑘

′  as:  



 𝐶𝐼𝑘 =  ∑   𝛅𝑖𝑘
′                                          (7)

𝑀

𝑖=1

 

Where M is the number of the multiple critical buses.  

     It is clear from (7) that the index takes into account the 
effectiveness, and cost aspects, and therefore it can measure 
the ability of the preventive controls to improve the voltage 
stability margins of multiple buses. 

     A flowchart of the correction index calculation is shown in 
Fig.1 

 

 

Fig.1: A flowchart of the correction index calculation 

IV. TEST SYSTEM AND SIMULATION RESULTS 

     In this paper, IEEE 39-bus network is used to examine the 
validity of the correction index for voltage stability analysis of 
power system. The system topology is presented in Fig.2. This 
test system has 10 generators and 19 load buses. The slack is 
assumed to be bus 39. This means that the generator at bus 39 
will not be included in the control ranking. It is also assumed 
that three capacitors (each with rating of 10MVar) are 
installed at three nodes (5,15, and 27). The system is operated 
at a stressed scenario by multiplying the loads by 1.4. The 
network information can be found in [14]. MATLAB software 
is used to investigate the results. 

     In this study, the output power of the nine generators output 
and the three capacitors are considered as preventive controls. 
It is worth mentioning that the same procedure can be 
performed on other types of controls. 

     The preventive controls with their costs are presented in 
Table. I. This work assumes that the cost of using capacitors 
is smaller than the cost of using the output power of 
generators. The cost values represent the relative cost of each 
preventive control to provide ancillary services. To validate 
ability of the correction index to discriminate between the 
control variables, each type of preventive controls is also 
assigned with a different cost. 

     One contingency (line 3–18 outage) is considered in this 
work to check the validity of the proposed index in control 
ranking. At first, the index value for each preventive control 
is computed. According to the index values, a rank is then 
assigned for each control variable. The preventive control with 
a higher index value is assigned with a higher rank.  

 

Fig. 2. The IEEE 39-bus system 

 

TABLE I.  COST OF THE PREVENTIVE CONTROLS 

Preventive 

Control 

Location 

Bus no. 

Control  

Cost  

𝑃𝑔1                 30               100  

𝑃𝑔2                 31               110  

𝑃𝑔3                 32               100  

𝑃𝑔4                 33                90  

𝑃𝑔5                 34                90  

𝑃𝑔6                 35                100  

𝑃𝑔7                 36               100  

𝑃𝑔8                 37                85 

𝑃𝑔9                 38                95  

𝐶1                 5                20  

𝐶2                 15                20  

𝐶3                 27                20  

 



     The ranking results using the correction index are also 
compared with the ranking obtained from continuation power 
flow (CPF) method [15]. CPF method is performed to find the 
maximum loadability points obtained by action of the 
preventive controls. These points can be easily obtained by 
inserting of each preventive control, at a time. The obtained 
maximum loadability points are then used to rank the 
preventive controls. The preventive control with higher 
maximum loadability (the preventive control has a higher 
effectiveness) is assigned with a higher rank.    

A. Calculation of Index Values 

     The voltage stability margins on network buses are found 
by performing (3). In this work, only three buses (the buses 
having the lowest values of voltage stability margin) are 
selected to be considered as critical buses.  From the analysis, 
it was found that the critical buses are 8, 15, and 16. The CI 
values are calculated and presented in Fig.3. The control 
ranking is presented in Table II.  

     From Fig.3, it can be noticed that the shunt capacitors have 
higher ranks while the generators have low ranks. This means 
that the proposed index gives the priority for the capacitors for 
voltage instability mitigation. This is investigated by 
involving the cost in index calculation.  

 

Fig.3. Values of the correction index of the preventive controls. 

TABLE II.  PREVENTIVE CONTROL RANKING INCLUDING THE COST 

Preventive 

Control 

CI 

Index 

Control 

Rank 

𝑃𝑔1              0.0222               (12) 

𝑃𝑔2              0.0237               (11) 

𝑃𝑔3              0.0269                (9) 

𝑃𝑔4              0.0241               (10) 

𝑃𝑔5              0.0270                (8) 

𝑃𝑔6              0.0272                (7) 

𝑃𝑔7              0.0285                (6) 

𝑃𝑔8              0.0343                   (5) 

𝑃𝑔9              0.0310                  (4) 

𝐶1               0.138                (1) 

𝐶2               0.129                (2) 

𝐶3               0.112                (3) 

 

B. Impact of Cost on the Index Value 

     If the cost aspect was omitted from index calculation, the 

index calculation and the control ranking will be as shown in 

Table III. It is clear that shunt capacitors do not occupy the 

first ranks. This changing in the ranking demonstrates the 

necessary for involving the cost in index calculation.  

TABLE III.  PREVENTIVE CONTROL RANKING WITHOUT INCLUDING 

THE COST 

Preventive 

Control 

CI 

Index 

Control 

Rank 

𝑃𝑔1              2.220              (11) 

𝑃𝑔2              2.607               (7) 

𝑃𝑔3              2.690               (6) 

𝑃𝑔4              2.169              (12) 

𝑃𝑔5              2.430               (9) 

𝑃𝑔6              2.720               (5) 

𝑃𝑔7              2.850               (3) 

𝑃𝑔8              2.915               (2) 

𝑃𝑔9              2.945               (1) 

𝐶1              2.760               (4) 

𝐶2              2.580               (8) 

𝐶3              2.240              (10) 

 

C. Comparison with CPF Results 

In this section, the ranking obtained using the correction 
index (without including the cost) is compared with the 
ranking from CPF. Fig.4 shows this comparison in a 
decreasing order.  The ranks for both methods are expressed 
with numbers in parentheses.  It is clear from the comparison 
that the correction index can correctly rank the preventive 
controls. The ranking using both methods are coincided. This 
demonstrates the accuracy of the correction index in selecting 
the high-effective preventive controls. 

However, one important advantage of the proposed 
method is that the index calculation is faster than the 
traditional analysis (i.e. CPF), which makes it suitable for 
online applications.  

 

Fig.4. Comparison with the ranking obtained using CPF results. 

 

 



To the best of our knowledge, there are no other indices in the 
literature for ranking purpose. Thus, the proposed index is 
validated by comparing the obtained ranking with the one 
obtained via CPF. 

V. CONCLUSIONS 

     This work presents an index for preventive control ranking 
for voltage stability analysis in power systems. The index 
takes into account the effectiveness and the cost of preventive 
controls. The index can measure the efficiency of each 
preventive control to multiple critical buses of the system. 

     Simulation was made on the IEEE 39 bus network. 
Different types of controls are included in the analysis. The 
ranking obtained using the index is compared with the ranking 
obtained from CPF results. The results show that the 
correction index is able to correctly rank the preventive 
controls based on their efficiency in case of the contingencies. 
The simulation results also show that including the cost aspect 
in the index calculation will affect the ranking results. As the 
cost of the preventive control increases, the index value 
decreases, and therefore the ranking may be changed. If such 
index is implemented for preventive control selection, the 
cheap and the high-effective controls will be easily obtained. 

     Our further work is to consider different types of 
preventive control. Development of new technique for control 
selection and based on the correction index is also part of our 
vision.  
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