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Abstract
This paper proposes a distributed real-time voltage stabil-
ity monitoring method based on local measurements and line 
parameters. Local PV sensitivity (PVS) is adopted as the indi-
cator of voltage stability. Compared with traditional methods, 
the proposed method only requires local voltage magnitude, 
active power flow measurements and the parameters of trans-
mission lines connected to local node. The proposed method 
will check the operation status of each transmission line first 
and thus formulate the calculation expression of the voltage 
stability index. Then we will calculate the PVS accordingly. 
And we have analyzed the uncertainty of PVS led by the meas-
urement errors. Simulation studies using IEEE 39 nodes sys-
tem will be introduced and used to demonstrate the effective-
ness of the proposed method.
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1 Introduction
Voltage stability is one of the most severe stability issues 

of large-scale power systems, which has induced several well-
known blackouts such as July 2, 1996 in western American 
power grid, August 14th 2003 in Northeastern American power 
grid and so on. With respect to time scale, voltage stability can 
be categorized into long-term voltage stability and short-term 
voltage stability [1, 2]. In this paper, we focus on the problem 
of long term voltage stability. Long-term voltage stability con-
cerns about the steady state operation of power system, which 
involves the capability of transferring enough energy to the 
load side. If the load demand is beyond the upper limit of trans-
mitted energy, long-term voltage instability will happen. With 
the rapid development of power systems, the electric distance 
between generators and loads becomes larger and the problem 
is extremely serious at the receiving end. So voltage instability 
detection and control is a serious problem to ensure the reli-
ability of power system.

However, direct monitoring the voltage magnitude is not an 
effective way to detect the voltage instability. So the research-
ers have been motivated to study on the effective monitoring 
method of voltage instability. There are a lot of researches on 
the evaluation of voltage stability margin, the closeness from 
current operation point to the collapse point. Many of the volt-
age stability monitoring methods are based on power flow 
equations, such as voltage stability index based on sensitivity 
analysis [3, 4], continuous power flow method [5, 6], and mini-
mum singular value of Jacobian Matrix [7, 8] and so on. Those 
approaches are based on the model of the entire power system. 
The topological information and real-time measurements are 
required for these methods. Besides, they may come up with 
several numerical difficulties. The methods have to be com-
pleted in the control center.

On the other hand, some of the researches are based on the 
Thevenin equivalent model. Such approaches are based on 
Thevenin equivalent network behind a load bus [9, 10]. The 
Thevenin equivalent network is estimated based on real time 
measurements. According to the impedance match principle, the 
transmitted power reaches its maximum when absolute value of 
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the load side equivalent impedance is equal with that of the net-
work side equivalent impedance. This method doesn’t need the 
model of power system, and only the phasor measurements are 
required for the parameter estimation. So it could be distributed 
in the substation level. However, due to its simplicity, the accu-
racy of the algorithms can’t be guaranteed. Many researches and 
implements have been done to improve the methods. [11]

As is introduced above, the operation pattern of voltage sta-
bility monitoring can be categorized as centralized and distrib-
uted. The control action against voltage instability of power 
system is under voltage load shedding (UVLS) scheme [12, 13]. 
It is completed in the substation level. With respect to the cen-
tralized voltage stability monitoring methods, the results don’t 
have direct guiding significance to the operation of UVLS. 
UVLS still operates according to local voltage measurements. 
In order to combine the functionality of voltage stability moni-
toring and control, we focus on the distributed voltage stability 
monitoring methods and overcome the problem of inaccuracy 
caused by simplicity of system model.

In this paper, we will introduce a distributed PV sensitivity 
calculation method for voltage stability monitoring. As is 
introduced above, traditional PV sensitivity calculation must 
be conducted in the control center due to the need of system 
model. The proposed distributed PV sensitivity calculation 
method is based on local measurements and line parameters 
of the transmission lines connected to the monitored node. 
The conduction of the proposed method could be distributed 
in substations. And it doesn’t rely on the simplification of the 
topology of power system compared with Thevenin equivalent 
method. The rest of the paper is organized as follows. Section 2 
introduces the algorithm of the proposed distributed voltage 
stability monitoring method and the uncertainty analysis of 
the proposed method. The simulation work is presented in 
Section 3 and the conclusions are drawn in Section 4.

2 Distributed voltage stability monitoring method 
and uncertainty analysis

In this section, we will introduce a distributed voltage sta-
bility monitoring method. The proposed method contains two 
parts: the calculation method of PV sensitivity and the uncer-
tainty analysis of the proposed method.

2.1 PV Sensitivity Calculation Method
In this paper, PV sensitivity is adopted as the indicator of 

voltage stability condition. PV sensitivity is the sensitivity of 
local active power consumption with respect to local voltage 
measurement. The voltage magnitude will decrease along with 
the increase of power consumption. At the normal operation 
point, the absolute value of PV sensitivity is a negative num-
ber which implies that the increase of power consumption will 
cause some voltage decline. However, when the power system 
operates close to the voltage collapse point, the absolute value 

of PV sensitivity will be very close to zero which means that 
slight increase of power consumption will cause large voltage 
decline. So real time monitoring of the value of PV sensitivity 
is able to judge the voltage stability status. Traditional PV sen-
sitivity calculation is based on the measurements and topology 
of the entire power system at the control center, which can’t 
be distributed. In this part, we will introduce a distributed PV 
sensitivity (PVS) calculation method.
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Fig. 1 Simplified power system model

The Thevenin equivalent model is only composed of an 
equivalent electromotive force and an equivalent impedance. It 
is the simplification of the actual power system, so it will lead to 
the inaccuracy of the calculation result. In this paper, the moni-
tored node is modeled according to its actual operation status.

Figure 1 shows a diagram of system model with the moni-
tored node 0. The local monitored node 0 is connected with n 
nodes by transmission lines. The voltage phasor of node i (i = 
0,1,2, … ,n) is expressed as iV  and the current phasor in trans-
mission line i-0 (i = 0,1,2, … ,n) is expressed as 0iI . The admit-
tance of each transmission line i-0 is expressed as Equation (1).

y g jb y Y Y G jBi i i i i i i i0 0 0 0 0 0 0 0
= + = − = +, ,

Where  Yi 0  is the corresponding element of the admittance ma-
trix. The apparent power transmitted from node i to node 0, Si0, 
can be obtained according to Equation (2).

0 0 0 0 0
ˆ

i i i iV I j= ⋅ = +S P Q


Where  Îi0  is the conjugation of  İi0 , Pi0  is the active power 
transmitted from node i to node 0 and  Qi0  is the reactive power 
transmitted from node i to node 0. The following equations 
could be derived.
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Assuming that the reference node is node 0, so the phasors can 
be expressed as follows.
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Where  Vi  and  θi  are the magnitude and angle of voltage pha-
sor iV . The expression of  Pi0  and  Qi0  is shown in the follow-
ing equations.

Pi i i i i i iVV g b g V
0 0 0 0 0 0

2= − −( cos sin )θ θ

Qi i i i i i iVV g b b V
0 0 0 0 0 0

2= − + +( sin cos )θ θ

In the same way, we can get the expression of local active 
power consumption  P0  and reactive power consumption  Q0 :
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The sensitivity of  P0  or  Q0  with respect to the voltage 
magnitude  V0  can be expressed as the following equations.
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In Equation (10) and (11), PVS could be calculated with the 
awareness of line parameters and the measurements of different 
nodes. To the local nodes, the voltage magnitude and angle of 
other nodes isn’t accessible. This is the limitation of traditional 
PVS calculation method.

However, at the substation level, not only the voltage mag-
nitude is accessible, the power flow in the transmission lines 
can also be measured. According to Equation (6) and (7), the 
expressions of power flow in transmission lines also contain 
the voltage phasor information and transmission line parame-
ters. PVS could be expressed by the power flow measurements 
in transmission lines. The following equations could be derived 
from Equation (6) and (7).

V g b V g Vi i i i i
i

i⋅ −( ) = +
0 0

0

0
0 0
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Substitute Equation (12) and (13) into Equation (10) and (11) 
respectively, it could be derived that:
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According to Equation (14), only the local measurements and 
line parameters are needed for the calculation of PV sensitivity. 
Besides, the calculation process is very concise and it will not 

come up with numerical problems, which makes the distributed 
real time application of the proposed method practical.

In the real-time operation of power system, the voltage 
stability problem may supervene with topological change of 
power system. If the transmission line connected to the moni-
tored node is out of work, the transmitted active power through 
this transmission line is zero. However we couldn’t directly 
substitute 0 into Equation (14) and assume that the topology 
doesn’t change at all. The calculation expression of the pro-
posed PVS index should be reformulated. The corresponding 
transmission line should be rejected. Assuming that the tripped 
line is n-0, if we don’t correct the expression, the value of PVS 
could be expressed as the following equation.

∂
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Where 00G′  is the corresponding element of Y matrix after the 
topological change. As is shown in Equation (16), there will be 
an error term,  gn0V , in the equation. The reason for the appear-
ance of the error term is that if the transmission line is at work 
and there is no power flow in it, the voltage phasor of both 
ends of the transmission line are the same. Apparently, such a 
condition could not be satisfied when the transmission line is 
actually out of work. So the error term is due to the violence of 
the implicit equal-voltage condition. 

So we should check the operation status of each transmis-
sion line and formulate the calculation expression of the pro-
posed index before we calculate the value of the proposed 
index. If the power flow in some transmission line is zero, we 
assume that the transmission line is out of work. The ration-
ality of the above assumption is that in the actual operation 
of power systems the equal-voltage condition is hard to fulfil. 
Besides the voltage instability always happens at the heavy 
load condition, which means that the line power flow in the 
transmission lines must be very heavy.

2.2 Uncertainty Analysis of PV sensitivity
Compared with the centralized PV sensitivity calculation 

methods, the utilized measurements data could be the results of 
state estimation. So the errors of measurements can be elimi-
nated as much as possible. However, with respect to the proposed 
distributed PVS, the utilized measurements do not go through 
the process of state estimation. So the uncertainties brought by 
instrumental errors should be considered. In this paper, we will 
analyse the uncertainty of the calculation result of PVS.

Assuming that the uncertainties of the voltage measurement 
devices are 

0Vσ  and the line active power flow is 
0i

σ P . The 
above parameters are determined by the instrumental errors. 
According to the law of error propagation, the uncertainty 
index of PVS,  σpVS , can be expressed as the following equation.
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According to Equation (14), the following expressions could 
be obtained.
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Substitute Equation (18) and (19) into Equation (17), we could 
get the following equation. 
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Equation (20) has shown the expression of the uncertainty 
of the index PVS. According to Equation (20), it could be dis-
covered that the uncertainty isn’t constant during the change of 
power system. When the operation condition of power system 
is close to the collapse point, the local voltage should be lower 
and the transmitted active power should be higher, which makes  
σQVS  larger. However, for the detection of voltage instability, 
such an operation condition is in the most important interval. 
So in order to ensure the robustness of the proposed method, 
we should set up a security threshold of voltage instability to 
prevent the wrong judgement of the voltage stability.

2.3 Flowchart of the whole algorithm
The flowchart of the whole algorithm is shown in Table 1.

Table 1 The Flowchart Of The Proposed Algorithm

Algorithm: Distributed Voltage Stability Monitoring Method

Step 1:
Obtain the transmission line parameters and real-time 
measurements;

Step 2:
Check the operation status of transmission lines and 
formulate the calculation expression of PVS;

Step 3: Calculate the real-time PVS accordingly;

Step 4: Calculate the uncertainty index of PVS;

Step 5:
Judge the voltage stability condition and transfer the 
result to the local voltage stability control module.

3 Case study
IEEE 39 bus system is used to investigate the performance 

of the proposed methods. As the increase of all the load demand 
in the system, the voltage magnitude will decrease gradually. 
Figure 2 has shown the curve of voltage magnitude of node 8 
in the tested system. As is shown in the figure, there is a limit 

of the increase of the load demand and the voltage magnitude is 
very low at the limit point. If the power consumption is beyond 
the limit, the voltage will collapse and the long-term voltage 
stability will happen. In this part, we will use the proposed volt-
age stability monitoring method to detect the voltage instability.

Fig. 2 The curve of voltage magnitude

In Figure 3, there are two curves of PVS. One of them is 
calculated without the perturbation of noise and the other one 
has considered the noise. According to both of the curves, along 
with the decline of voltage, the value of PVS grows gradually. 
And the value reaches close to zero at the voltage collapse point.

However, at the enlarged view of the curves, it could be 
found that the curve of PVS without noise has exceeded zero 
but the one with noise hasn’t. The perturbation of noise has 
interference the judgement of voltage instability. In order to 
enhance the robustness of the proposed method, we should set 
up a security threshold to eliminate the disturbance of noises. 
In Figure 4, we have shown the uncertainty index of PVS. As is 
shown in the figure, the uncertainty index increases during the 
process. The value of uncertainty index reaches 4 times of the 
starting point at the voltage collapse point.

Fig. 3 The curves of PVS

Another scenario is that one of the transmission lines is 
tripped off and the voltage magnitude will drop suddenly. The 
curve of voltage is shown in Figure 5. And the curves of PVS 
is shown in Figure 6. There are two curves in the figure. If 
we detect the topological change immediately after the fault 
of transmission line, the value of PVS will be the blue curve. 

(17)

(18)

(19)

(20)
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Or the value of PVS will be the red one. It could be found 
from the figure that there is an error between the curves, but as 
the operation point moves closer to the voltage collapse point, 
the error becomes smaller. According to Equation (16), the 
error term is 0 0ng V . During the simulation process, 0ng  stays 
constant and 0V  keeps decreasing. So the value of error term 
becomes smaller during the process.

Fig. 5 The curve of voltage magnitude II

Fig. 6 The curves of PVS II

4 Conclusion
In this paper, we have introduced a distributed voltage stability 

monitoring method. First, we proposed a PVS calculation method 
based on local measurements and transmission line parameters. 
Then we analyzed the uncertainty of PVS led by the errors of 
measurements. The effectiveness of the proposed methods is 
tested by simulation work on the IEEE 39 nodes system.

Acknowledgement
The work is supported by Key Technologies R&D Program 

of China (2013BAA02B01) and National Science Foundation 
of China (51277105, 51321005).

References
[1] Taylor, C. W. "Power System Voltage Stability." New York: McGraw-

Hill. 1994.
[2] Kundur, P., Paserba, J., Ajjarapu, V. "Definition and classification of 

power system stability." IEEE Transaction on Power Systems. 19 (3). pp. 
1387-1401. 2004. DOI: 10.1109/tpwrs.2004.825981

[3] Flatabo, N., Ognedal, R., Carlsen, T. "Voltage stability condition in a 
power transmission system calculated by sensitivity methods." IEEE 
Transaction on Power Systems. 5 (4). pp. 1286-1293. 1990.

 DOI: 10.1109/59.99379
[4] Greene, S., Dobson, I., Alvarado, F. L. "Sensitivity of the loading 

margin to voltage collapse with respect to arbitrary parameters." IEEE 
Transaction on Power Systems. 12 (1). pp. 262-268. 1997.

 DOI: 10.1109/59.574947
[5] Ajjarapu, V., Christy, C. "The continuation power flow: a tool for steady 

state voltage stability analysis." IEEE Transaction on Power Systems. 7 
(1). pp. 416-423. 1991. DOI: 10.1109/pica.1991.160593

[6] Hsiao-Dong, C., Flueck, A. J., Shah, K. S., Balu, N. "CPFlow: a practi-
cal tool for tracing power system steady-state stationary behavior due to 
load and generation variations." IEEE Transaction on Power Systems. 10 
(2). pp. 623-634. 1995. DOI: 10.1109/59.387897

[7] Gao, B., Morison, G. K., Kundur, P. "Voltage Stability evaluation using 
modal analysis." IEEE Transaction on Power Systems. 7 (4). pp. 1529-
1542. 1992. DOI: 10.1109/mper.1992.161430

[8] Tiranuchit, A., Thomas, R. J. "A posturing strategy against voltage insta-
bilities in electric power systems." IEEE Transaction on Power Systems. 
3 (19). pp. 87-93. 1988. DOI: 10.1109/59.43177

[9] Vu, K., Begovic, M. M., Novosel, D., Saha, M. M. "Use of local measure-
ments to estimate voltage stability margin." IEEE Transactions on Power 
Systems. 14 (3). pp. 1029-1034. 1997. DOI: 10.1109/pica.1997.599420

[10] Corsi, S., Taranto, G. N. "A real time voltage instability identification 
algorithm based on local phasor measurements." IEEE Transactions on 
Power Systems. 23 (3). pp. 1271-1279. 2008.

 DOI: 10.1109/tpwrs.2008.922586
[11] Liu, J. H., Chu, C. C. "Wide area measurement based voltage stability 

indicators by modified coupled single port models." IEEE Transactions 
on Power Systems. 29 (2). pp. 756-764. 2014.

 DOI: 10.1109/tpwrs.2013.2284475
[12] Taylor, C. W. "Concepts of under voltage load shedding for voltage sta-

bility." IEEE Transactions on Power Delivery. 7 (2). pp. 480-488. 1992. 
DOI: 10.1109/61.127040

[13] Mechenbier, J., Ellis, A., Curtner, R., Ranade, S. "Design of an under 
voltage load shedding scheme." In: Power Engineering Society General 
Meeting, 2004. IEEE, Vol. 2, pp. 1611-1618, 10-10 June 2004.

 DOI: 10.1109/pes.2004.1373144

Fig. 4 The curve of uncertainty index

 

http://dx.doi.org/10.1109/tpwrs.2004.825981
http://dx.doi.org/10.1109/59.99379
http://dx.doi.org/10.1109/59.574947
http://dx.doi.org/10.1109/pica.1991.160593
http://dx.doi.org/10.1109/59.387897
http://dx.doi.org/10.1109/mper.1992.161430
http://dx.doi.org/10.1109/59.43177
http://dx.doi.org/10.1109/pica.1997.599420
http://dx.doi.org/10.1109/tpwrs.2008.922586
http://dx.doi.org/10.1109/tpwrs.2013.2284475
http://dx.doi.org/10.1109/61.127040
http://dx.doi.org/10.1109/pes.2004.1373144

	1 Introduction
	2 Distributed voltage stability monitoring method and uncertainty analysis
	2.1 PV Sensitivity Calculation Method
	2.2 Uncertainty Analysis of PV sensitivity
	2.3 Flowchart of the whole algorithm

	3 Case study
	4 Conclusion
	Acknowledgement
	References

