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Abstract 
 
This work studies the performance of single-phase power flow computations 
implemented using vector-based Python scripting language. Two approaches are 
considered, namely the current mismatch and power mismatch based on Newton-
Raphson method. Both approaches are developed using rectangular coordinates 
and tested through a variety of IEEE test systems modelling high voltage 
transmission networks. The computational burden and accuracy of both 
implementations are duly discussed. This work will be later incorporated into our 
vector-based Non-linear Primal-Dual Interior Point Method as constraints. 
 
Keywords: power flow; vector form; current mismatch; power mismatch; 
Newton-Raphson. 

 

I.  INTRODUCTION 
ector-based programming consists in the 
definition of highly efficient implementation of 

element-wise vector calculations. This approach has 
been made popular by the scientific programming 
language Matlab, but is common to many other 
languages. Noteworthy examples are Fortran 95 and 
newer Fortran versions, as well as modern scripting 
languages, such as Python and Julia.  

Since the power flow analysis is based on 
vectorized equations, its implementation through 
vector-oriented programming languages appears as a 
natural and convenient choice. As a matter of fact, 
several software tools for power system analysis have 
been developed in the last decade. Alvarado in [1] 
developed a vector-based version of power flow in 
Matlab. Other well-known Matlab-based 
implementations of power flow analysis are described 
in [2, 3]. Vector-based implementations are also 
possible in other scripting languages. For example, a 
high-performance power system analysis tool 
implemented in Python is described in [4]. This paper 

focuses on the development of a simple yet robust and 
efficient, power flow analysis software tool that solves 
the power flow problems fully based on vector-based 
programming. 

Most power flow analysis tools rely on minimizing 
power mismatches at every iteration [5, 6]. Others 
minimize current mismatches [7-9]. The substantial 
equivalency, in terms of computational burden, of 
these two formulations when utilized for time domain 
analysis is given in [10]. However, when dealing with 
the power flow problem, some differences can be 
observed. The power-injection model, for example, is 
known to work well for high-voltage transmission 
systems, where the ratio R/X is low. On the other 
hand, the current-injection approach, when it 
converges, may require fewer iterations than the 
power-injection approach [11]. Moreover, the current 
approach tends to work better for distribution systems, 
and might show numerical issues when imposing PV-
bus constraints. PV-bus constraints, in fact, can lead to 
numerical stability issues of the current mismatch-
based formulation. The work in [12] suggests an 
improved representation of PV-buses by combining a 
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power mismatch-based PV-bus representation into 
current mismatch equations for PQ-bus. In [12], the 
vector-based programming paradigm was not adopted 
and instead of utilizing full rectangular coordinate, the 
work combined rectangular for current mismatch 
equations for PQ-bus and for PV-bus representation 
the polar coordinate was implemented. Other attempts 
in dealing with PV-bus model for current mismatch 
method are reported in [13, 14]. 
In this work, we focus on the performance, in terms of 
convergence rate, of two vector-based 
implementations using power mismatches as well as 
current mismatches. The two approaches are compared 
using standard IEEE Test. The proposed tool utilizes 
the Newton-Raphson method because it is a model and 
topology independent technique. We also use a 
rectangular form for voltages and currents. All vector-
based operations are implemented in Scipy [15] and 
Numpy [16] libraries of the Python programming 
language. 

II.  MATERIALS AND METHODS 

A.  Full Rectangular Power Flow 
In this work, two power flow approaches based on 

current mismatches and power mismatches are 
developed and compared. All complex variables are 
expressed in rectangular form. 

 

B.  Current Mismatch Method 
Current mismatch is computed by subtracting 
calculated complex current (𝐼!"# = 𝑌 ∙ 𝑉) from 
scheduled or pre-specified current injection.  

∆𝐼 = 𝐼$%& − 𝐼!"# (1) 

Rearranging (1) and having ∆𝐼 = 0, 𝐼!"# − 𝐼$%& = 0 
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 Knowing that 𝐼!"# = 𝑌 ∙ 𝑉,  𝐼$%& =
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𝑉∗*  , and 

𝑉 = 𝑒 + 𝑗	𝑓, equation (3) can be derived below: 
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In vector form, these partial derivatives can be 
written as: 
∂∆𝐼
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 Equations (6) and (7) are then arranged to form 
Newton’s correction equations to be solved iteratively 
by stacking the real parts and imaginary parts of the 
current mismatch Jacobian matrices. 
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C. Power Mismatch Method 
Power mismatch is computed by subtracting calculated 
complex power (𝑆 = 𝑉 ∙ 𝐼∗) from scheduled or pre-
specified power. 
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 Partial derivatives of the power mismatch 
equations with respect to variables e and f can be 
written in vector forms as follows: 
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 Equations (14) and (15) are then arranged to form 
Newton’s correction equations to be solved iteratively 
by stacking the real parts and imaginary parts of the 
power mismatch Jacobian matrices. 
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 Both the current and power mismatches methods 
above follow voltage updates as in (17): 
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D. PV-bus Model 
 Different for PV-bus where voltage magnitude is 
maintained at the same level as its pre-specified value, 
the imaginary row of both current and power 
mismatches correction equations is replaced with 
voltage magnitude constraint (21). 
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 Therefore, equation (8) is modified to equation (24) 
for PV-bus. 
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 Consequently, equation (25) substitutes equation 
(16). 
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III.  RESULTS AND DISCUSSIONS 
The developed power flow models both for current 

and power mismatches were then tested on the 
standard IEEE Test Systems of 14-bus, 30-bus, 57-
bus, 118-bus and 300-bus as available on the 
University of Washington page [17]. 
Table 1. Performance Comparison for Power Flow 
Calculation in Current and Power Mismatch Methods 

Test-System 

Computing Time (s) Iteration Number 

Current 
Mismatch 

Power 
Mismatch 

Current 
Mismatch 

Power 
Mismatch 

IEEE 14-bus 0.02141 0.02135 4 4 

IEEE 30-bus 0.02738 0.03071 4 4 

IEEE 57-bus 0.05397 0.07081 4 5 

IEEE 118-bus 0.15613 0.15818 6 5 

IEEE 300-bus 0.31671 0.37524 5 6 

 Overall performance of both current mismatch and 
power mismatch methods in vector forms is indicated 
in Table 1. The two methods show similar 
performance but the current mismatch method appears 
to be slightly superior than power mismatch method. 
In terms of mismatch progression over iterations, the 
current mismatch method indicates faster decay than 
the power mismatch method. This can be observed in 
Figures. 1 to 5. 

 
Figure 1. Mismatch progression for the IEEE 14-bus 

System 
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Figure 2. Mismatch progression for the IEEE 30-bus 

System 
 

 
Figure 3. Mismatch progression for the IEEE 57-bus 

System 
 

 
Figure 4. Mismatch progression for the IEEE 118-bus 

System 

 
Figure 5. Mismatch progression for the IEEE 300-bus 

System. 

 Comparisons are also made for the voltages 
obtained from both current mismatch and power 
mismatch methods and the original IEEE final 
voltages as available in the input data are taken as the 
reference. Interestingly, both methods produce 
approximately similar results and close to the final 
voltage of the IEEE test system data. Figures 6 to 10 
show the absolute difference in voltage resulted from 
the current mismatch and power mismatch methods as 
compared to the IEEE final voltages. The dotted-red 
line shows absolute difference between power 
mismatch method and IEEE final voltage in the input 
data while the solid-blue line is for the absolute 
difference between the current mismatch method and 
the IEEE final voltages. 
 

 
Figure 6. Differences from IEEE Final Voltages for 

the IEEE 14-bus System 
 
 It can also be observed that as the size of the 
system increases, the power mismatch method 
produces results consistently very similar to the 
original IEEE test data. For the cases of IEEE 14-bus, 
30-bus and 57-bus, both methods show exact match 
with negligible differences from the IEEE final 
voltages in the input data. However, for IEEE 118-bus 
and 300-bus, the power mismatch method results in 
very narrow differences from the IEEE final voltage as 
suggested in the input data. 
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Figure 7. Differences from IEEE Final Voltages for the IEEE 30-bus System 

 

 
Figure 8. Differences from IEEE Final Voltages for the IEEE 57-bus System 

 

 
Figure 9. Differences from IEEE Final Voltages for the IEEE 118-bus System 
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Figure 10. Differences from IEEE Final Voltages for the IEEE 300-bus System 

 

IV.  CONCLUSIONS 
The paper compares the convergence properties of 

two implementations of power flow analysis, namely, 
the current- and power-mismatch methods. Both 
implementations are based on full rectangular form 
and well-known vector-based Python libraries. These 
will later be incorporated into an optimal power flow 
calculation using the non-linear primal-dual interior 
point method based on vector-form. Overall, the 
mismatch progression over iterations shows that the 
current-mismatch method decays faster than the power 
mismatch method. In future work, we will consider the 
robustness of each method with respect to network 
parameters, topology and constraints.   
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