
  

  
Abstract— This article discusses an estimation approach for the 

values of passive elements such as resistance and inductance for a 
series inductive circuit using measured voltage and current 
waveforms at the source side.  The proposed method finds the 
unknown two values using the single equation of the circuit by the 
least-squares approach with the pre-processed data.  The pre-
processing of the voltage and current waveforms includes 
concatenation of the discrete samples of voltage and current 
waveforms with one sampling period shifted.  The approach 
works for steady-state sinusoidal waveforms as well as transients.    
The proposed approach can find the resistance and the 
inductance to the transient source in as short as 1/2 cycle length of 
discrete sample data.  The proposed method is tested with 
waveforms generated from LTspice for a circuit of nominal 12 kV 
distribution circuit and with real transient waveform from a 
power distribution circuit.  The evaluation result in both cases is 
good. Its good performance with transient waveforms is 
particularly significant in that, in such soft fault situations in 
utility distribution lines as self-clearing faults, the transient lasts 
just about 1 or 2 cycles before the system returns to the normal 
state as if nothing happens.  
 

Index Terms— Least-squares estimation, fault-loop, power 
distribution circuit, fault location, self-clearing fault. 

I. INTRODUCTION 
OMEMTARY sag faults in distribution feeders show 
their distinctive signature behaviors with a few cycles of 

transient, but often,  less than one cycle,  before the system 
returns to normal behavior.  Thus they have other common 
names such as sub-cycle faults, incipient faults, transient faults, 
and self-clearing faults.  A self-clearing transient fault in 
underground cables has its root cause in a water tree 
development inside the cable or moisture accumulation in a 
cable splice, which leads to a momentary insulation breakdown 
followed by arc, which in turn causes rapid moisture 
evaporation and temporary insulation recovery [1].   
 The correct location of self-clearing transitory fault is 
crucially important in prevention of permanent faults and 
unscheduled outages.   The conventional methods of fault 
location which rely on steady-state fault waveforms are not 
effective in such short-lived self-clearing faults which 
manifests just 1 or 2 cycles of transients before returning to the 
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normal state [2 - 5].  However, the manifested transients 
represent a distribution circuit; therefore, the location to the 
transient source can be calculated by the resistance and 
inductance values of the fault-loop of the circuit.   
 Previously, an approach was developed which was centered 
on solving for the unknown location variables (line resistance 
and line reactance to the transient source) of a fault loop using 
a discrete inverse time-domain differential equation [6, 7]. 
Unlike the conventional phasor (or frequency) domain fault 
location methods developed for permanent faults, the new 
time-domain inverse approach worked for transient and steady-
state waveforms.   Despite the above advantage, there was a 
weakness: the resistance to the fault was ignored due mainly to 
the fact that there were two unknown variables as stated above 
in the single fault loop differential equation.  Exclusion of the 
resistance to the fault in certain situations and conductor types 
would cause unacceptable error in estimating the inductance to 
the location of transient source.  

We propose a new approach which is based on discrete 
parameter estimation with least squares.  The discrete least-
squares approach is applied using measurement data of voltage 
and current signals at the source side of the circuit. The 
proposed method finds the unknown two values, resistance and 
inductance, using the single equation of the fault-loop of the 
circuit by using the concatenated discrete samples of voltage 
and current as the main components for the least-squares 
estimation.   
 The paper is organized as follows.  In the next chapter, we 
briefly discuss the least-squares estimation.  Then in Chapter 
III, we model a distribution circuit and formulate the sample 
data matrices from the simulated model circuit for least-
squares estimation of the circuit element values.  Chapter IV 
discusses the evaluation result of the least-squares method 
compared with the true values.  Chapter V concludes the paper. 

II. LEAST-SQUARES ESTIMATION  
The Least-squares estimation (LSE) was invented by Karl 
Gauss when he considered inferring the values of the motion 
parameters of planets and comets from measured data [8].  
Consider M scalar measurements of a signal y(t) are made at 
times, tk-M, tk-M+1, ..., tk-1, tk.  Let the measurements of y(t) are 
assumed to be a linear combination of 2 parameters, β0 and β1 
with certain signals x0(t) and x1(t): 
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 The starting point for voltage and current samples for X and 
Y matrices is at the sample point j = 147 which coincides with 
the negative peak point of the voltage signal.  The same 1/2 
cycle length is used for forming the matrices.  
  The intermediate matrix XTX is obtained as 
 = 2.9916 × 10 2.9303 × 102.9303 × 10 2.8866 × 10 , 
 
and the final output for parameter as 
 = 0.00041083−0.00036009 . 
 
 Therefore, with Δt = 1.302 x 10-4, the resistance and 
inductance are calculated as: 
 = = 0.41083 mH  and 

 = ∆ = 0.3897 ohm. 
 
The calculated inductance is unbelievably close to the true 
inductance. 
 We will continue our evaluation work of the concatenated 
discrete LSE approach with real transient waveforms from 
utility distribution circuits as they are obtained.  As we gather 
and test more waveforms and evaluation statistics, we plan to 
publish the result subsequently.  

V. CONCLUSIONS 
We applied the least-squares method to estimate the value of 

passive elements such as resistance and inductance for a 
general series inductive circuit using the measured voltage and 
current waveforms at the source side.  The approach was 
formulated with concatenated measurement matrices of voltage 
and current in discrete form for the differential equation of the 
fault loop. The proposed method was tested with waveforms 
generated from an LTspice model for nominal 12 kV 
distribution circuits.  The approach worked well for steady-
state sinusoidal waveforms as well as transients.  The proposed 
approach could find the resistance and the inductance to the 
transient source with reasonable accuracy using 1/2 cycle 
length of discrete sample data.  Its good performance with 1/2 
cycle transient waveform is particularly significant in that, in 
self-clearing faults, the transient lasts just about 1 or 2 cycles 
before the system returns to the normal state as if nothing 
happens.  We have tested just one real transient signal of self-
clearing fault and the calculation result was very good. We will 
continue our evaluation work with real self-clearing fault 
signals from utility companies by acquiring and testing them as 
they are obtained.  When we have reasonable amount of 
waveform data and evaluation statistics, we may have much 
better sense of the effectiveness of the proposed concatenated 
discrete least-squares approach for estimating circuit element 
values from the short-lived transients.  We hope we publish the 
result soon.   
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