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A B S T R A C T 

 
The dynamic stability problem is one of the challenges that is constantly being 
discussed in power systems. Meanwhile, one of the most important factors which 
has a direct impact on its determination is the system state estimation. To monitor 
the stability of the power system, one of the determinative factors is the accuracy 
and speed of the state estimation equations’ input data. Therefore, in this paper, 
the Factorized Load Flow Method was used as a method for estimating input data 
of the system stability analysis. In this study, Factorized Load Flow Method was 
presented in full details in terms of theoretical relations and simulation results, 
and in order to prove its performance efficiency, a comparison was made between 
its results with the results of the Newton-Raphson method. The conducted 
comparisons and investigations showed that the proposed method could 
determine the needed inputs for state estimation with high speed and precision. 
The proposed method was simulated using coding environment of MATLAB 
software and it was shown that this idea enjoyed an appropriate quality for 
reducing the computational complexity and increasing the accuracy and speed of 
state estimation. 

  

Introduction 

lthough early research and methods 
regarding load flow were proposed 
in the 1950s, efficient techniques, 
such as Newton-Raphson, were 

introduced in the 1970s, which were highly 
comparative with other methods [1-4]. Until 
then, a number of papers and methods were 
used to improve the previous ones, including 
component modeling, computational 
complexity reduction using parallel A  
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computation, static Jacobin, second order 
methods, and etc.; these early ideas were 
widely used in the industry [5-8]. All the 

mentioned methods had the problem of 
increasing the complexity of the number of the 
equations in solving the nonlinear equations. 

In addition, the low accuracy of the final 
obtained results was another shortcoming of 
these methods. After that, a method was 
proposed based on Newton-Raphson in the 
polar form that its successful implemented 
version is known as the fast-decoupled load-
flow method [9-11]. These methods were 
presented to solve various problems of load-
flow in power systems [12-15]. In the recent 
years, power system state estimation has been 
the researchers’ great interest which has been 
done by SCADA systems. In this method, 
SCADA systems were applied for measuring 
the active and reactive powers. This method 
had a lower accuracy level of answers due to 
the application of rough approximations [16-
19]. Among all the methods which have been 
discussed by different articles so far, the use of 
the load-flow problem for nonlinear and 
combined loads have been considered as a 
challenge; these methods always provide the 
required analyses in terms of load linearity. 
The method that is represented in this study 
can more accurately engage nonlinear loads in 
load-flow computation [20-22]. 

 This study aimed at providing a new method 
for conducting the load-flow computations 
with changing the traditional load-flow 
methods in order to be used in system state 
estimation with higher efficiency. 
Simplification of the state estimation in power 
systems for analyzing network stability, 
converting nonlinear constraints to linear 
ones in analyzing network parameters, the 
more robust response for power system state 
estimation by the proposed method, and 
computational complexity and less iteration 
compared with Newton-Raphson method are 
among the purposes of this study [23-25]. 

Factorized Load Flow Method  

In fact, this method of load-flow is a 
technique for simplifying state estimation 
equations which by partitioning Jacobian 
matrix into sub-factors makes the state 

estimation algorithm able to perform network 
stability computation more accurately and 
quickly. In general, load-flow problems can be 
described as follows [26-28]: 

1) Calculation of Slack bus power in a given 
voltage; 

2) calculation of the angles of the voltage 
phasors and reactive power of the PV-buses in 
a given voltage and active power; and [29] 

3) calculation of the size of voltage angle and 
its angle for PQ-buses in a given active and 
reactive power [30]. 

(1) 
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Given the above relations, we know that the 
first and second relations were used to 
calculate the active and reactive powers of the 
slack bus and PQ bus, and the third relation 
was used to calculate the voltage size of the PV 
buses [31-34]. The load-flow was explained as 
the factorized equations as follows: 

(4)                        GffBefBfeGeeP
→→→→

++−=  

 

To incorporate the PV buses, using the 
following relation, B and G were transformed 
into B1 and G1 and were placed in the above 
ones: 
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by differentiating both sides of the above 
relation, we have: 
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The right side of the above equation consists 
of two parts, the first part of which is due to 
flow changes and the second part is because of 
voltage variations. It should be mentioned that 
power changes rather than flow changes can 
be discarded, and the above matrix can be 
rewritten as follows: 
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In the above relation, the J1 expression is 
constant and only the J2 part is variable. Since 

J1 matrix is a diagonal one, it can easily be 
reversed as follows: 
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where Z=R+Jx is the impedance matrix of the 
network [35-38]. 

(15)                             














−

−−
=

−−

−−

11

11

2

1

ef

fe

k
J  

K is the determinant of the J2 matrix and is 
calculated as follows: 
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The above process continues as long as the 
following condition is satisfied: 
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In the above relations, we introduced the 
factorized load flow method. In order to study 
the effect of factorized load flow method on 
the network, we applied the state estimation 
equations using the weighted least squares 
method [39-41]. The obtained data from the 
solution of the factorized load flow are the 
state estimation equations’ inputs. The 
relations for state estimation by the weighted 
least squares are summarized in the following 
ones [42-45]: 
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 and kkk xxx −= +1  is the number of the 

iterations. When the proper tolerance is 

achieved from kx , the iterations will be 

terminated. Finally, the estimation covariance 
is: 

(21)                         
1)ˆcov( −= kGx  

The Required Systems for Simulation 

In this paper, the idea of the factorized load 
flow can be implemented for distribution and 
transmission networks. Hence, it was tested 
for the standard IEEE 6, 14, 30, 57-bus systems 
[46-48]. The obtained results of this idea had a 
more optimal effect on distribution networks 
than transmission networks. The underlying 
reason for choosing these systems to perform 
the load-flow computation and efficiency 
assessment of the proposed method was that, 
firstly, these networks often model 
distribution and transmission with a better 
approximation for the above-mentioned 
systems, and secondly, these networks are 

more conventional for testing and evaluating 
such examinations. In order to simulate, at 
first the standard data of the intended systems 
were elicited and matrix Ybus was formed by 
applying the impedance data of the lines into 
the program. After the admittance matrix 
formation, generated and consumed powers 
were applied to the simulation program in the 
form of the P and Q matrices. Depending on the 
network specifications, the program detected 
the slack, PV, and PQ buses. After performing 
the necessary calculations on the input data, 
the values of P, Q, the size of voltages and their 
phasor and the flow of the branches were 
determined by several iterations [49-52]. 

Simulation Analysis of IEEE-6 Bus System 

IEEE 6-bus system was located in the 
presence of three generating units in 1, 2, 3 
buses and a certain number of conventional 
loads according to the intended IEEE standard. 
Additional information for this system is 
provided below [53-56].

 
Figure 1. IEEE 6-bus system diagram 

Simulation Analysis of the IEEE 14-Bus System 

IEEE 14-bus system was placed, in the 
presence of 3 generating units, in 1, 2, 3 buses 

and a given number of conventional loads 
according to IEEE standard. Additional 
information for this system is provided below.

 
Figure 2. IEEE 14-bus system diagram 
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Simulation Analysis of the IEEE-6 Bus System 

IEEE 30-bus system was developed, with the 
presence of 6 generating units and a given 

number of conventional loads according to 
IEEE standard. Additional information for this 
system is provided below [57-59].

 
Figure 3. IEEE 30-bus system diagram 

Simulation Analysis of the IEEE 57-Bus System 

IEEE 57-bus system with the presence of 6 
generating units and a certain numbers of 

conventional load flows was developed 
according to IEEE standard [60-62].

 
Figure 4. IEEE 57-bus system diagram 

Comparing the Extracted Metrics by MATLAB 

Software 

As seen, the proposed factorized load flow 

method on 6, 14, 30, and 57-bus systems was 

investigated. In addition, the simulation 

results were also presented using Newton-

Raphson method. In Figures 6 and 7, a graph 

for comparing the speed of processing both of 

the investigated methods and also the number 

of iterations for calculations are presented 

[63-66].
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Figure 5. Time duration graph of the load flow calculation for different IEEE systems using 

Newton-Raphson and factorized load flow methods 

 
Figure6. The comparison graph of the iteration numbers of the factorized load flow and 

Newton-Raphson methods for different IEEE systems 

 
Figure 7. The comparison graph of the state estimation calculation time duration for both 

Newton-Raphson and factorized load flow methods 

 

Conclusion  

One of the challenges that is always being 

discussed in the power system is the dynamic 

stability issue. Of these, one of the most 

important factors that has a direct impact on its 

determination, is the state estimation theory. To 

monitor the stability of the power system, the 

main determinant is the accuracy and speed of 

the state estimation’s input data. Therefore, in 

the present study, the factorized load flow 

method was used as a method for estimating the 

input data of the system stability analysis. In this 

paper, one of the most effective factors which is 

called factorized load flow method, was studied. 

The proposed method was simulated using the 

MATLAB coding environment and the 

simulation results of both Newton-Raphson load 

flow method and the proposed method were 

analyzed and it was shown that the proposed 

idea had an adequate quality for reducing the 

computational complexity and increasing the 
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accuracy and speed of the state estimation 

equations. The analysis of the obtained 

simulation results showed that the proposed 

method can be very useful in dynamic analysis of 

the power system due to the direct impact on the 

speed and accuracy enhancement of the state 

estimation computation. The strengths of the 

suggested idea were presented in different 

sections of the paper, but one of the weaknesses 

of this method is its inefficacy in systems with 

the presence of the dispersed generation 

resources that have a random nature. 
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