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Abstract 
 
With the advent of synchrophasor technology, real time 
voltage stability analysis using synchrophasor data has 
been the focus of many researchers resulting in the 
development of several new algorithms. These developed 
algorithms have several advantages as well as limitations. 
This paper discusses briefly about the shortcomings of 
some existing synchrophasor measurement based voltage 
stability indicators. Most of the existing model-free 
algorithms are iterative in approach, thus making them 
computationally slow as well as making non-convergence 
a possibility. Some of these algorithms also have accuracy 
issues when the system conditions change fast by large 
amounts. Thus a new algorithm is necessary that is devoid 
of these limitations. A new algorithm for distributed real 
time voltage stability monitoring based on local phasor 
measurements has been presented in this paper. The 
newly developed algorithm to compute the Voltage 
Stability Assessment Index (VSAI) can be used for 
normal operation as well as for contingency cases to 
monitor dynamic security of a system. Results of the new 
algorithm tested on different IEEE test cases under 
different system conditions show its satisfactory 
performance. 
 
Synchrophasor Based Real Time Monitoring 
 
Power systems tend to operate very close to their stability 
limits with increasing loads, environmental limitations on 
transmission system expansion, and competitive market 
infrastructure. This leads to higher chances of the power 
system to exhibit unstable behavior that is often 
characterized by voltage instability, sometimes even 
leading to a voltage collapse and finally a blackout. Thus, 
monitoring the system voltage stability in real time has 
become necessary to efficiently operate the power grid 
under stressed conditions. 

The event of August 14, 2003 blackout in the north 
eastern United States and parts of Canada that affected 
almost 50 million people emphasized the need for real 
time situational awareness. Phasor Measurement Units 

(PMUs) enable the wide area visualization of a power 
system in real time by capturing high speed time-stamped 
snapshots in the form of voltage and current phasors [1]. 
This kind of “time stamping” allows the voltage and 
current phasors at different geographical locations to be 
time-aligned or “synchronized”, thus providing a precise 
and comprehensive view of the entire system. Hence, 
synchrophasor technology enables a good indication of 
power grid stress, like voltage instability. However, 
observability of the North American power grid using 
PMUs only is still evolving. Hence it is essential to 
develop distributed real time voltage stability monitoring 
algorithms using locally available synchrophasor 
measurements, so that corrective actions can be triggered 
locally to maintain voltage stability at the monitored weak 
bus. 
 
Shortcomings of Existing Synchrophasor 
based Approaches for Online Voltage 
Stability Monitoring 
 
Different approaches for online voltage stability 
monitoring have been reported in literatures [2-9]. 

 
Fig. 1 Different Approaches for Real Time Voltage Stability 
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Following are some of the shortcomings identified in the 
existing online voltage stability algorithms –  
(1) The algorithms are inherently recursive in nature and 

thus can suffer from non-convergence issues. 
Moreover, for an iterative computational algorithm, 
the time-step cannot be guaranteed under all operating 
scenarios.   

(2) The existing ‘multiple power flow’ based algorithms 
are computationally burdensome and relatively slow 
for real time applications. 

(3) The existing ‘Thevenin’s Equivalent Network 
Reduction’ based algorithms need a window of past 
data for the computation of voltage stability index at a 
given time instant. The basic assumption is that during 
this windowing period, the system conditions do not 
change, but the parameters of the monitored load bus 
changes. This can lead to the following potential 
problems –  
(a) During fast and large load changes in the system 

or during sudden contingencies, the system 
condition changes, leading to the change of data 
in the selected window for VSI computation. 
These can cause considerable error in determining 
the voltage stability limit. 

(b) If the parameters at the monitored load bus do not 
vary during the fast windowing period, 
computation of VSI cannot be possible, as this 
kind of computation is dependent on the rate of 
change of data. 

 
Developed Distributed Online Voltage 
Stability Monitoring Algorithm 
 
The proposed online voltage stability algorithm is based 
on the Thevenin’s equivalent network reduction 
technique. However, unlike the existing algorithms, the 
proposed algorithm has the following unique 
characteristics –  
(1) This algorithm uses an iteration-free method to 

compute the Thevenin’s Equivalent parameters. Thus, 
there can be two benefits –  
(a) The time step of this algorithm can be guaranteed 

under all operating conditions. 
(b) Convergence issues can be avoided completely. 

(2) It does not need a window of past data to determine 
the voltage stability limit at any time instant. It can 
compute the Voltage Stability Assessment Index 
(VSAI) at a particular time instant just on the basis of 
the synchrophasor measurements at the monitored 
load bus obtained during that instant of time only. 
Hence, this solves the issue of inaccuracy of voltage 
stability limit computation during fast and large load 
changes or sudden contingencies.  

(3) It does not assume that the system side remains 
constant while the load side parameters change. The 

proposed algorithm does not use a stochastic method 
that needs the rate of change of load bus parameters. 

Following is a short summary of the technical details of 
the newly developed algorithm –  

 

 
Fig. 2 Thevenin’s Equivalent network as seen from a Load Bus 

 
Where –  
Eth: Thevenin’s Equivalent Voltage magnitude 

(reference) 
Zth: Thevenin’s Equivalent Impedance ≈ j*Xth 
VL: Voltage magnitude of the load bus  
PL: Total Real Power consumption at the load bus 
QL: Total Reactive Power consumption at the load bus 
VSAI: Voltage Stability Analysis Index 
 
Bus Admittance Matrix [Y] for the reduced 2-bus system 
is given as – ሾܻሿ ൌ  െ݆ כ ሺ ଵ௧ሻ ݆ כ ሺ ଵ௧ሻ݆ כ ሺ ଵ௧ሻ െ݆ כ ሺ ଵ௧ሻ          ------------------- (1) 

      ⇒  ܻ11 ൌ െ݆ כ ሺ ଵ௧ሻ ,  

          ܻ12 ൌ ݆ כ ሺ ଵ௧ሻ , 

          ܻ21 ൌ ݆ כ ሺ ଵ௧ሻ ,   

          ܻ22 ൌ െ݆ כ ሺ ଵ௧ሻ 
         
Real Power consumed by the Load Bus is given as –  ܲ ൌ െ | ܸ| כ |݄ݐܧ| כ |ܻ21| כ sin ሺߜሻ   ----------------- (2) 
 
Reactive Power consumed by the Load Bus is given as –  ܳ ൌ | ܸ| כ |݄ݐܧ| כ |ܻ21| כ cosሺߜሻ െ  | ܸ|ଶ כ |ܻ22| - (3) 
 
For the above network, the Thevenin’s Equivalent 
Voltage phasor ‘Eth’ is computed using the equations (1), 
(2), and (3) in a non-iterative manner. Once ‘Eth’ has 
been computed, the following equation is used to compute 
the Voltage Stability Assessment Index (VSAI) for 
monitored load bus – 
ܫܣܸܵ  ൌ | ா௧ ି ಽಽ |   ----------------------------------------- (4) 
 
The proposed algorithm gives VSAI as the output, where 
values near “0” indicate a voltage stable load bus; 
whereas the values near “1” indicate that the load bus is 



 

less voltage stable.  
This algorithm also allows the user to 

shows up when the observed bus crosses 
VSAI. This can enable the planning an
proper and timely control actions at that b
if the proposed algorithm monitors all th
weak buses in a given system (from voltag
of view), then potential voltage collapse s
averted. 

The proposed algorithm, being comp
intensive and simple, can be coded inside
monitors the load bus, thus making real 
voltage stability algorithm practicable. A
modern substation-level PDCs that 
computation modules can also host 
algorithm so as to generate VSAI of 
substation as the output. Figure 3 sho
architecture for implementing this algorith

 

Fig. 3 Possible Architecture for Implementation 
Algorithm 

 
Simulation Results for the
Distributed Online Voltage
Algorithm 
 
The developed distributed real time v
algorithm has been validated on different 
for two different scenarios that can lead 
stability scenario in a power system –
loading and b) contingencies. The results p
section validate the performance of 
algorithm as they are in lines with the 
analysis of voltage stability phenomenon. 
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Simulation Results for the IEEE
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Fig. 4 P v/s V curve of Lo
 

Fig. 5 Q v/s V curve of Lo
 

Fig. 6 P v/s DeltaL curve of 
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It can be seen in figures 4 and 5 and table
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The amount of reactive power availabl
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required for certain amount of real powe
Thus, this leads to the weakening of the b
stability point of view, which gets reflecte
VSAI of this bus, as shown in figure 7. 
From figure 7 and table 1 it can be seen
system (and also the bus-12) is at the ba
the VSAI of the concerned bus is near “
highly voltage stable condition, whereas w
loading (and thus also for bus-12) is incr
the bus point of operation moves toward
VSAI is near “1”, thus signifying that the
has become very weak from voltage stabil
 

Fig. 7 P v/s VSAI curve of Load Bu
 

TABLE-1: Bus parameters during different ca

Bus-12 VL in 
(pu) 

DeltaL 
(degrees) 

PL 
(pu) 

Base 
Loading 1.0618 -15.4491 0.1139 

Heavy 
Loading 0.8628 -36.40 0.1736 
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Fig. 10 P v/s DeltaL curve of
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Fig. 11 P v/s VSAI curve of Load Bu
 

TABLE-2: Bus parameters during different ca

Bus-57 VL in 
(pu) 

DeltaL 
(degrees) 

PL 
(pu) 

Base 
Loading 0.9526 -17.9291 0.0705 

Heavy 
Loading 0.8135 -30.3711 0.1011 
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Fig. 12 VSAI of Load Bus-9 during stea
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TABLE-3: Bus parameters before and af
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Fig. 13 VSAI of Load Bus-20 during steady state
single contingency 

 
TABLE-4: Bus parameters before and after sing

Bus-20 VL in 
(pu) 

DeltaL 
(degrees) 

Before 
Contingency 0.9581 12.1782 

After 
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Conclusion 
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