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Since the main distribution line faults can be securely identified as 
outlined in the first and second paper, this third paper presents the 
methodology of localizing the main distribution line fault when broadband 
over power lines (BPL) networks have already been deployed across the 
distribution power grids. The main issue of this paper is the detailed 
presentation of the main line localization methodology (MLFLM) as well 
as well as its performance assessment when measurement differences 
occur. 
The contribution of this paper, which is focused on the application of 
MLFLM, is double. First, the procedure, which is followed in order to 
create the database of faults and is used by MLFLM, is here analytically 
presented. This database is based on the application of the main 
distribution line fault identification percentage metric (MDLFI) to coupling 
reflection coefficients of all possible fault OV MV BPL topologies 
(modified OV MV BPL topologies). Second, the performance assessment 
of MLFLM is investigated with respect to the nature of the measurement 
differences and the location of main distribution line faults across the 
distribution power grid. 
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1. Introduction 
 A major advantage of the BPL networks is the fact that their development is 

simple and economically advantageous since their deployment is based on the already 

operating power grid infrastructure. As concerns the potential of the smart grid operation, 

BPL technology can act as either an autonomous communications system or a 

cooperative communications network that interoperates with other wired and wireless 

communications solutions in an integrated intelligent IP-based network environment. 

Anyway, the synergy of telecommunications solution under the aegis of the smart grid 

can support a myriad of smart grid applications [1]-[4]. 

In the first paper [5], the determination of the channel attenuation and reflection 

coefficient of overhead medium-voltage (OV MV) BPL networks have been achieved by 

extending the original TM2 method, which is the core part of the top-down approach of 

the well-established hybrid method [3], [6]-[22] during the normal operation of OV MV 
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BPL networks, to the extended TM2 method. In fact, extended TM2 method can give as 

output the reflection coefficients during the operation of OV MV BPL networks where a 

main distribution line fault occurs (fault operation). In the second paper [23], the role of 

measurement differences that occur during the determination of reflection coefficients 

due to the “real-life” conditions and during the identification of main distribution line 

faults has been analyzed. Actually, the destructive impact of measurement differences 

during the main distribution line identification has been significantly counteracted 

through the application of piecewise monotonic data approximations (PMAs), such as 

L1PMA. In the vast majority of the cases examined, the fault operation has been 

identified by applying the main distribution line fault identification percentage metric 

(MDLFI), which accompanies the main distribution fault identification methodology. In 

this paper, the detailed presentation of the main line localization methodology (MLFLM) 

is provided. It is obvious that the MLFLM commences to operate since the identification 

of a main distribution line fault is granted on the basis of the findings of the first and 

second paper. Initially, MLFLM supports the preparation of a detailed database of 

coupling reflection coefficients and respective MDLFIs for all the possible OV MV BPL 

topologies. Apart from the plethora of OV MV BPL topologies that may be supported, 

this database also takes into account the nature of the main distribution line fault  

(i.e., short- or open-circuit termination load, see [5]). Then, statistics regarding the 

database access as well as the exact procedure that is followed in order to parse the 

database and, finally, to exactly localize the main distribution line fault is provided.  

Here, it should be noted that the previous experience concerning the creation and 

management of databases, which has been obtained from the Topology Identification 

Methodology (TIM) of [22], [24] and Fault and Instability Identification Methodology 

(FIIM) of [25], [26], is exploited in MLFLM.  

The rest of this paper is organized as follows: In Sec.II, the findings of [5], [23] 

that are used in this paper are briefly outlined. In Sec.III, the creation procedure of the 

MLFLM database is detailed as well as implementation details and characteristics 

concerning its access during the fault operation. Sec.IV discusses the simulations of 

various OV MV BPL topologies with random main distribution line faults intending to 

mark out the performance efficiency of the proposed MLFLM when measurement 

differences occur. Sec.V concludes this paper. 

 

 

2. Brief Presentation of the OV MV BPL Topologies, Main Distribution Line 
Faults, Measurement Differences and MDLFI 

In accordance with [5], [23], four indicative OV MV BPL topologies of  

average path length of 1000m, which are treated as the original topologies, are also 

examined in this paper, namely:  

1. A typical urban topology (denoted as urban case) with N=3 branches 

(L1=500m, L2=200m, L3=100m, L4=200m, Lb1=8m, Lb2=13m, Lb3=10m). 

2. A typical suburban topology (denoted as suburban case) with N=2 branches 

(L1=500m, L2=400m, L3=100m, Lb1=50m, Lb2=10m). 

3. A typical rural topology (denoted as rural case) with only N=1 branch  

(L1=600m, L2=400m, Lb1=300m).  

4. The “LOS” transmission along the same end-to-end distance 

L=L1+…+LN+1=1000m (denoted as “LOS” case) when no branches are 
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encountered. This topology corresponds to Line of Sight transmission in wireless 

channels.  

 Already been mentioned, critical problematic conditions, such as the main 

distribution line faults that are examined in these three papers, can occur across the 

distribution power grid during its operation. With reference to Fig. 1(b) of [5], let the 

main distribution line be broken at a specific location from the transmitting end. On the 

basis of the original OV MV BPL networks, new OV MV BPL topologies occur with 

path lengths equal or shorter than 1000m whose path lengths depend on the location of 

the main distribution line fault. Not only the path length but depending on the fault 

location, the new OV MV BPL topologies are characterized by different number of 

branches in comparison with the respective original ones. These new OV MV BPL 

topologies are denoted as modified OV MV BPL topologies. Except for their topological 

characteristics concerning the path length and the number of branches, modified OV MV 

BPL topologies differ from the respective original ones in the nature of the terminal load, 

which is situated at the location of the fault. While original OV MV BPL topologies are 

characterized by terminal loads that are matched to the characteristic impedances of the 

modes examined, the terminal loads of the respective modified OV MV BPL topologies 

are equal to either short- or open-circuit depending on the nature of the main distribution 

line fault (see [5] for further details). Hence, two sets of the four modified OV MV BPL 

topologies are examined in this subsection, each one corresponding to the two different 

values of the terminal load. 

 As been presented in [5], a main distribution line fault can be easily identified 

through the extended TM2 method and its coupling reflection coefficients. However, 

apart from the main distribution line fault, a set of practical reasons and “real-life” 

conditions create significant differences between experimental measurements and 

theoretical results. In accordance with [22], the causes of the measurement differences 

presented to the coupling reflection coefficients can be grouped into six categories, 

namely: (i) Isolation difficulties of specific MTL parameters in time- and frequency-

domain; (ii) Low accuracy and sensitivity of the used equipment during measurements; 

(iii) Cross-talk and resonant phenomena due to the parasitic capacitances and 

inductances of lines; (iv) The weakness of including specific wiring and grounding 

practices; (v) Practical impedance deviations of lines, branches, terminations and 

transmitting/receiving ends; and (vi) The isolation lack of the noise effect during the 

transfer function computations.  

 The PMA experience, which has been acquired either in the case of coupling 

transfer functions [3], [22], [24]-[26] or in the case of coupling reflection coefficients [5], 

secures the identification of a main distribution line fault despite the measurement 

differences. On the basis of PMA piecewise monotonicity property, PMAs receive as 

inputs the measured coupling reflection coefficient data, the measurement frequencies 

and the number of monotonic sections and give as outputs the optimal primary extrema 

and the best fit of the measured OV MV BPL reflection coefficient data. In order to 

assess at the same time the mitigation performance against measurement differences and 

the main distribution line fault identification efficiency, the main distribution line fault 

identification percentage metric (MDLFI) has been proposed in [5]. MDLFI acts as the 

accompanying performance metric of the identification process of main distribution line 

faults and describes the relative error between L1PMA approximations of the measured 

and theoretical data. According to the results of [5], the main distribution line fault 

identification efficiency depends on the magnitude of the measurement differences, 
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critical thresholds of the MDLFI (MDLFIthr) and the relative distance of main 

distribution line fault from the transmitting end. However, MLFLM achieves to exactly 

localize the main distribution line faults getting rid of the MDLFI dependencies, such as 

MDLFIthr and the relative fault distance from the transmitting end, by wisely:  

(i) applying MDLFI equation between coupling reflection coefficient measurements and 

theoretical coupling reflection coefficient data of MLFLM database; and (ii) using both 

the available coupling reflection coefficient measurement sites, which are the 

transmitting and receiving end of the examined original OV MV BPL topology  

(see more details in Sec.III).  

 

 

3. OV MV BPL Topology Database with MDLFI and MLFLM 
 In accordance with [3], [22], the first step of MLFLM is the creation of the 

MLFLM database. In fact, MLFLM database consists of all possible modified OV MV 

BPL topologies that can occur due to main distribution line faults.  

 In [23], it has been identified that the identification efficiency of a main 

distribution line fault significantly depends on the location of the fault across the  

OV MV BPL topology. In fact, when the fault is located near to the transmitting end the 

identification becomes easier in comparison with the faults that are closer to the 

receiving end. In order to exploit this finding, the complimentary OV MV BPL topology 

to the original one from the side of the receiving end should also been considered in the 

database for given OV MV BPL topology. Hence, the computational load of MLFLM 

database becomes double in comparison with the respective one of TIM and FIIM since 

each database record now consists of a pair of two modified OV MV BPL topologies [3], 

[22], [25], [26]. Here, it should be noted that the nature of the termination load remains 

the same for given database record pair. Since the average transmission length is equal to 

1000m and the length spacing Ls that defines the database accuracy is assumed equal to 

50m in this paper, there are 211
50m

m1000









 pairs of OV MV BPL topologies for 

given original OV MV BPL topology.   

 Except for the database properties regarding the number of the considered  

OV MV BPL topologies, the second step for the creation of the detailed MLFLM 

database urges the database enrichment with information concerning coupling reflection 

coefficients. In order to simplify the procedure and apply the findings of [22], a set of 

database specifications is here given:  

• ksect,min is the lower monotonic section bound, which is assumed to be equal to 1 

in this paper, and ksect,max is the upper monotonic section bound, which is assumed 

to be equal to 20 in this paper  

• The operation frequency range and the flat fading subchannel frequency spacing 

are assumed equal to 1-30MHz and 1MHz, respectively. Therefore, the number 

of subchannels u in the examined frequency range is equal to 30. 

• Arbitrarily, the WtG3 coupling scheme is applied during the following 

simulations. As it is usually done [9], [27], [28], [29], [18], [30], the selection of 

representative coupling schemes is a typical procedure for the sake of reducing 

manuscript size and simplicity.  

• For each OV MV BPL topology that is considered in the database, the two cases 

of termination loads should be considered (either short- or open-circuit). 
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In accordance with the previous assumptions and eqs (5) and (6) of [23], there is a need 

for inserting 2×20=40 approximated theoretical OV MV BPL coupling reflection 

coefficient column vectors (say, 
WtG

theor,1Γ  and 
WtG

theor,2Γ ) per each possible OV MV BPL 

topology pair of the database, which corresponds to the respective 20 monotonic sections. 

Each approximated theoretical OV MV BPL coupling reflection coefficient column 

vector 
WtG

theor,kΓ , k=1…2 consists of 30 elements (say,  ik fWtG

theor, , k=1…2, i=1,…,30), 

which corresponds to the respective 30 measurement frequencies if , i=1,…,30. 

Therefore, the detailed OV MV BPL topology database comprises 40×30=1200 elements 

for each OV MV BPL topology pair. Since main distribution line faults can be treated as 

either short- or open-circuit terminations, there are 2×600=1200 element insertions per 

pair or 50’400 insertions in total that should be added into the database concerning its 

enrichment with coupling reflection coefficient attributes. 

 Let assume that a main distribution line fault occurs and the measured coupling 

reflection coefficients from the side of the transmitting and receiving end of the original 

OV MV BPL topology are equal to WtG

1meas,  and WtG

2meas, , respectively. Note that WtG

1meas,  and 

WtG

2meas.  are the coupling reflection coefficients of the modified OV MV BPL topologies 

when the nature of the termination load is considered. For the 30 measurement 

frequencies if , i=1,…,30, the measured OV MV BPL reflection coefficient column 

vectors 
WtG

1meas,Γ  and 
WtG

2,measΓ  consist of the respective measured coupling reflection 

coefficients from the transmitting end  if
WtG

1meas, , i=1,…,30 and receiving end  

 if
WtG

2meas, , i=1,…,30. L1PMA software processes its inputs, which are the measured 

coupling reflection coefficient column vectors 
WtG

meas,kΓ , k=1…2, and gives as outputs the 

respective approximated measured OV MV BPL reflection coefficient column vectors 

WtG

meas,kΓ , k=1…2. 

 The third and final step of MLFLM is the localization of the main distribution line 

faults through the computation of MDLFIpar and MDLFI. Similarly to MDLFI of [23], 

MDLFIk, k=1…2 of the respective two modified OV MV BPL topologies is given by 

 

600

20

1

sectpar,

sect





k

k

k

kMDLFI

MDLFI , k=1…2          (1) 

where 

 
   

 






30

1
sect

WtG

ktheor,

sect

WtG

ktheor,sect

WtG

kmeas,

sectpar,

,

,,

i
i

ii

k

kf

kfkf

kMDLFI

Γ

ΓΓ

, k=1…2     (2) 

Observing eq. (1), several interesting remarks concerning the application of MDLFI to 

localize main distribution line faults can be pointed out: 
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• In order to exploit the efficiency of MDLFI to identify main distribution line 

faults that are closer to the measurement instrument, MDLFI1 and MDLFI2 offer 

a differential advantage through the two available measurement locations of 

coupling reflection coefficients (i.e., the side of the transmitting and receiving 

end of the original OV MV BPL topology). With reference to eq. (1), if the main 

distribution line fault is located near to the transmitting end then MDLFI1 

presents higher values than the respective ones of MDLFI2. In the reverse case of 

a main distribution line fault located near to the receiving end, MDLFI2 presents 

a more reliable identification behavior in comparison with MDLFI1. 

• According to [23], MDLFI describes the relative error between L1PMA 

approximations of the measured and theoretical data. The identification of the 

main distribution line faults has been achieved through the comparison of MDLFI 

with certain critical thresholds that mainly depends on the modified OV MV BPL 

topologies. Here, MLFLM exploits the differential reception of MDLFI1 and 

MDLFI2 by comparing the measured coupling reflection coefficients with the 

respective ones of all the available pairs of MLFLM database. The pairs of 

MLFLM database that present approximately the minimum MDLFI1 and 

MDLFI2 are the candidate modified OV MV BPL topologies while the location 

of the main distribution line fault and the nature of the terminal loads can 

straightforward been found from the insertion number of the MLFLM database.  

• MLFLM performance is based on the detection of the MDLFI pair in the 

MLFLM database. Since MDLFI depends on: (i) the original OV MV BPL 

topology; (ii) the nature of the terminal load; (iii) the location of main distribution 

line faults; and (iv) the intensity of measurement differences, so do MDLFI1 and 

MDLFI2, the immunity performance of MLFLM against aforementioned MDLFI 

dependencies to localize the main distribution line faults through MDLFI1 and 

MDLFI2 is assessed in Sec.4. 

 

 

4. Numerical Results and Discussion 
4.1 Simulation Goals and Parameters  
 The four original OV MV BPL topologies of Sec.2 are simulated with the purpose 

of accurately localizing potential main distribution line faults by applying MLFLM. In 

this Section, the MLFLM efficiency is assessed when various factors such as the 

complicity of the original OV MV BPL topology, the nature of the terminal load and the 

location of main distribution line faults are assumed. Similarly to the identification of 

main distribution line faults, the localization of main distribution line faults becomes a 

challenging issue when real-life conditions are simulated through the application of 

measurement differences. For that reason, the measurement differences that occur in OV 

MV BPL networks during the determination of coupling reflection coefficients are 

typically described by continuous uniform distributions (CUD) with range from 0 to a 

maximum CUD value that is equal to αMD. It is evident that the measurement difference 

CUD remains the same during the simultaneous coupling reflection coefficient 

measurements from the transmitting and receiving end of the original OV MV BPL 

topology.  

 The combined impact of measurement differences and main distribution line 

faults on the OV MV BPL coupling reflection coefficient is here investigated.  

First, three different measurement difference CUDs are assumed, namely:  
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(i) CUD with aMD=0 (no measurement differences are assumed while this CUD case is 

denoted as CUD case A); (ii) CUD with aMD=0.1 (denoted as CUD case B); and  

(iii) CUD with aMD=0.2 (denoted as CUD case C). Second, three different locations of 

main distribution line faults are applied, namely: (a) fault location situated at 250m from 

the transmitting end (denoted as Fault case A); (b) fault location situated at 500m from 

the transmitting end (denoted as Fault case B); and (c) fault location situated at 750m 

from the transmitting end (denoted as Fault case C). 

 

4.2 Fault Localization of Main Distribution Line Faults by Applying MLFLM 
(General Case) 
 Let assume that the fault case A has been identified in accordance with [23] 

during the operation of the urban case and the fault localization begins through the 

initiation of MLFLM procedures. Since the main distribution line fault occurs, 
WtG

1meas,Γ  and 

WtG

2,measΓ  are available through the coupling reflection coefficient measurements from the 

transmitting and receiving end side, respectively. Since the MLFLM database has already 

been theoretically implemented for the urban case for all the available pairs of modified 

OV MV BPL topologies, MDLFIs (i.e., MDLFI1 and MDLFI2) are determined for each 

pair of the aforementioned modified OV MV BPL topologies. Therefore, in Fig. 1, 

MDLFIs (i.e., MDLFI1 and MDLFI2) are plotted versus the distance from the 

transmitting end of the original topology when CUD case A is adopted and the terminal 

load is assumed to be short-circuit during the main distribution line fault case A. For the 

sake of simplicity, only the pairs of the modified OV MV BPL topologies with short-

circuit termination loads are retrieved from the MLFLM database. In Fig. 2, same plots 

are drawn with Fig. 1 but for the case of an open-circuit terminal load while the MLFLM 

database pairs of modified OV MV BPL topologies with open-circuit termination loads 

are only examined.  

From Figs. 1 and 2, it is obvious that MDLFIs both receive their minimum values 

when the fault location from the transmitting end, which is related with the MLFLM 

database, is equal to the actual distance of the main distribution line fault from the 

transmitting end. Since fault case A mandates that the main distribution line fault is 

situated at 250m from the transmitting end, MDLFI1 and MDLFI2 are both equal to 0 in 

accordance with eqs. (1) and (2). This is due to the fact that 
WtG

theor,kΓ  is equal to 
WtG

meas,kΓ  for 

given k since no measurement differences are considered in the CUD case A. In all the 

other cases, MDLFIs receive values that are greater than zero. However, this ideal 

situation of localizing the main distribution line faults through the zeroing of MDLFIs 

stands only in the case of no measurement differences and, hence, the case of the 

inclusion of measurement differences requires further examination (see the following 

subsection). 

 

 

4.3 The Impact of the Measurement Differences on the Fault Localization by 
Applying MLFLM  
 Although the fault localization through the simultaneous minimization of 

MDLFIs can be considered as an intuitive method to accurately localize main distribution  
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Figure 1. MDLFIs of the urban OV MV BPL topology versus the fault location from the 
transmitting end when fault case A (i.e., main distribution line fault situated at 250m from the 
transmitting end) and CUD case A (i.e., aMD=0) are assumed (the terminal load is assumed to be 
a short-circuit termination load). 
 

 
Figure 2. Same curves with Figure 1 but for the case of open-circuit terminal load. 
 

 

line faults, this has verified until now only during the cases of no measurement 

differences. However, this finding needs to be validated during the fault localization by 

applying the simultaneous minimization of MDLFIs when measurement differences of 

various CUD magnitudes occur. 
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 Similarly to the subsection 4.2, in Fig. 3, MDLFIs are plotted versus the distance 

from the transmitting end when the terminal load is assumed to be short-circuit during the 

main distribution line fault case A for CUD case A, B and C. In Fig. 4, same plots are 

drawn with Fig. 3 but for the case of an open-circuit terminal load. 

 Observing Figs. 3 and 4, it is again verified that MDLFIs can accurately localize 

the main distribution line faults through their simultaneous minimization even if 

measurement differences of various magnitudes occur. Actually, the localization of main 

distribution line faults becomes easier when measurement difference magnitudes remain 

low since then both MDLFIs tend to zero. When measurement difference magnitudes 

increase, MDLFIs start to differ from zero even at the location of the main distribution 

line fault but still maintaining lower values than ones of the other locations. However, 

MDLFI behavior strongly depends on the location of the main distribution line fault as 

verified in [5], [23]. Hence, the validity of the previous findings needs to be examined for 

various fault cases in the following subsection. 

 From the Figs. 3 and 4, it should also be noted that MDLFIs can efficiently 

localize main distribution line faults regardless of the nature of the terminal load (i.e., 

either short- or open-circuit termination). This is an interesting remark that allows the 

examination of only one case (say, the case of short-circuit terminal load) to be 

considered in the rest of this paper. 

 

 

4.4 The Impact of the Main Distribution Line Fault Location on the Fault 
Localization by Applying MLFLM  
 As been presented in subsections 4.2 and 4.3, MDLFIs have very efficiently 

determined the location of the main distribution line fault during the fault case A. In fact, 

the location of the main distribution line fault has been retrieved by the simultaneous 

minimization of MDLFIs even if measurement differences occur during the presence of a 

main distribution line fault. In fact, MDLFI metric acts as a dissimilarity metric 

resembling with the metrics of relative and absolute error but in a more sophisticated 

manner since it exploits the inherent piecewise monotonic trend of coupling transfer 

functions and coupling reflection coefficients of OV MV BPL networks [25], [26], [24]. 

Since MDLFI acts as a dissimilarity metric between the coupling transfer functions of 

original and modified OV MV BPL topologies [5], [23], MDLFI achieves to more easily 

identify main distribution line faults that are located near to the transmitting end than to 

receiving end since the differences between theoretical coupling reflection coefficients of 

the original OV MV BPL topology and measured coupling reflection coefficients of the 

measured OV MV BPL topology remains significant. In order to cope with this finding of 

[23], coupling reflection coefficient measurements are received both from the 

transmitting and receiving end by applying MDLFI1 and MDLFI2, respectively, as 

determined in eqs. (1) and (2).  

 Indeed, in Fig. 5, MDLFIs are plotted versus the distance from the transmitting 

end when the terminal load is assumed to be short-circuit during the main distribution 

line fault for all the CUD cases examined so far. Note that the Fault case B is here 

assumed. In Fig. 6, same plots are drawn with Fig. 5 but for the Fault case C. 
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Figure 3. MDLFIs of the urban OV MV BPL topology versus the fault location from the 
transmitting end for various CUD magnitudes when fault case A is applied (the terminal load is 
assumed to be a short-circuit termination load). 
 

 
Figure 4. Same curves with Figure 3 but for the case of open-circuit terminal load. 
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Figure 5. MDLFIs of the urban OV MV BPL topology versus the fault location from the 
transmitting end for various CUD cases when Fault case B occurs (the terminal load is assumed 
to be a short-circuit termination load). 
 

 
Figure 6. Same curves with Figure 5 but for the Fault case C. 
 

 

 Comparing Figs. 3, 5 and 6, the combined use of the available MDLFIs can allow 

the exact localization of main distribution line faults regardless of their location across 

the distribution grid. Also, the MLFLM localization of main distribution line faults 

remains robust even in the cases of normal measurement differences. In fact, the 

combined operation of MDLFI1 and MDLFI2 achieves to bypass the inherent difficulty of 

dissimilarity metrics, which is the easier identification of main distribution line faults 
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near to the end that are applied using the respective coupling reflection coefficient 

measurements. Thus, the combined minimization of MDLFIs that is the core assumption 

of MLFLM methodology successfully copes with the different locations of main 

distribution line faults.  

 However, until now, the performance of the localization of main distribution line 

faults by applying MLFLM has focused on the performance assessment of the 

localization in the urban OV MV BPL topology when various factors affecting the 

methodology performance has been taken into account. In the following subsection, the 

performance of MLFLM methodology is assessed for the other three indicative original 

OV MV BPL topologies described in Sec. 2 –say, suburban, rural and “LOS” OV MV 

BPL topologies–. 

 

 

4.5 The Impact of the Original OV MV BPL Topologies on the Fault Localization 
by Applying MLFLM  
 Previously been mentioned, the presence of main distribution line faults across the 

original OV MV BPL topologies has as a result the definition of two new modified OV 

MV BPL topologies which have the termination load of the main distribution line fault as 

the only common point. Since there are two different measurement points, which are 

located at the transmitting and receiving end of the original OV MV BPL topology, these 

two modified OV MV BPL topologies operate as the complimentary topologies of the 

original OV MV BPL topology. Until now, only the urban OV MV BPL topology of  

Sec. 2, had been used as the original OV MV BPL topology where the main distribution 

line faults have been imposed. In this subsection, the MLFLM efficiency against different 

original OV MV BPL topologies is assessed. 

 Indeed, in Fig. 7, MDLFIs are plotted versus the distance from the transmitting 

end of the original suburban OV MV BPL topology when the terminal load is assumed to 

be short-circuit. Note here that the Fault case A and all the available CUD cases are 

assumed in Fig. 7. In Figs. 8 and 9, same plots are drawn with Fig. 7 but for the rural and 

“LOS” cases, respectively.  

 



 

Peer-Reviewed Article   Trends in Renewable Energy, 3 

 

 

Tr Ren Energy, 2017, Vol.3, No.3, 62-81. doi: 10.17737/tre.2017.3.3.0038 74 

 

 
Figure 7. MDLFIs of the original suburban OV MV BPL topology versus the fault location from the 
transmitting end for various CUD cases when Fault case A occurs (the terminal load is assumed 
to be a short-circuit termination load). 
 

 
Figure 8. Same curves with Figure 7 but for the rural case. 
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Figure 9. Same curves with Figure 7 but for the “LOS” case. 
 

 

 Comparing Figs. 3, 7, 8 and 9, MDLFIs can successfully localize main 

distribution line faults regardless of the intensity of the occurred measurement differences 

and the original OV MV BPL topology. More specifically, when the CUD magnitude of 

measurement differences is equal to zero MDLFIs are also equal to zero in all the 

examined original OV MV BPL topologies. When the CUD magnitude of measurement 

differences increases, MDLFIs take value greater than zero but their trend and their 

minima still imply the exact location of the examined main distribution line fault. Since 

the simultaneous minimization of MDLFIs is required in order to securely localize the 

main distribution line faults, this allows MLFLM to crosscheck the fault location even if 

the identification by applying one of MDLFIs remains low but does not take the 

minimum value. As presented, the latter case is rare and can stand only in the cases of 

intense measurement differences.  

 In this paper, the exact localization of main distribution line faults has been 

achieved by applying MLFLM when the identification of the presence of main 

distribution line faults is assured as described in [5], [23]. Actually, MLFLM is based on 

the application of MDLFIs by taking advantage of the double coupling reflection 

coefficient measurement sets (i.e., the first set from the transmitting end side and the 

other one from the receiving end side of the original OV MV BPL topology) and the 

MLFLM database. Then, the simultaneous minimization of MDLFIs offers the exact 

location of the main distribution line fault across the original OV MV BPL topology 

regardless of the CUD magnitude of measurement differences, the location of the main 

distribution line fault and the original OV MV BPL topology.  
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4.6 General Remarks Concerning the Identification and Localization of Faults 
and Instabilities across Distribution Power Grids  
 Already been identified in [3], [22], [24]-[26], various serious problematic 

conditions can occur across the distribution power grid such as faults and instabilities. 

More specifically, faults and instabilities can further be divided into two subcategories 

each. On the basis of a typical OV MV BPL topology, which is presented in Fig. 10(a), 

the subcategories of faults and instabilities are reported as follows:  

• Faults: All the interruptions that can occur across the lines of a distribution power 

grid. The two fault subcategories of line interruptions are: (i) Fault in main 

distribution line –see Fig. 10(b)–; and  

(ii) Fault in branch line –see Fig. 10(c)–. 

• Instabilities: All the failures that can occur in the equipment across the 

distribution power grid. There are two subcategories of equipment failures, 

namely: (iii) Instability in branch interconnections –see Fig. 10(d)–; and  

(iv) Instability in branch terminations –see Fig. 10(e)–. 
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Figure 10. (a) General OV MV BPL topology [22], [24]. (b, c) Faults in OV MV BPL topologies. (d, 
e) Instabilities in OV MV BPL topologies [3].   
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Until now, the identification and localization methodology of the fault in branch line, the 

instability in branch interconnections and the instability in branch terminations have well 

defined and analyzed in [3], [22], [24]-[26]. However, the case of the identification and 

localization of the main distribution line faults had been treated till these three papers as a 

reductio ad absurdum case. This set of three papers has achieved to cover this 

identification / localization methodology gap through the proposal and application of 

MLFLM methodology by identifying and exactly localizing possible main distribution 

line faults [5], [23]. Therefore, a complete methodology of identifying and localizing 

possible faults and instabilities across distribution power grids is now available. 

 

 

Conclusions 
 In this paper, which is the last part of a set of three manuscripts, the detailed 

presentation and the performance assessment of MLFLM have been demonstrated. In 

fact, MLFLM describes the identification and localization methodology of main 

distribution line faults across the distribution power grids. This paper concludes the study 

of faults and instabilities across transmission and distribution power grids revealing the 

strong potential of the BPL technology in order to identify and exactly localize potential 

failures across the grids. 

 This paper has first reported the required steps to create MLFLM database, which 

is the essential part of MLFLM. Second, MDLFIs, which are the accompanied metrics of 

MLFLM, and their application to the coupling reflection coefficient insertions of 

MLFLM database have been proposed. Third, the interaction procedure between 

MLFLM database and MDLFIs that finally leads to the localization of the main 

distribution line faults has been outlined.  

 After MLFLM theoretical analysis, various scenarios concerning the localization 

of main distribution line faults have been investigated by applying MLFLM.  

More specifically, MLFLM has successfully localized the occurred main distribution line 

faults regardless of the examined OV MV BPL topologies, the location of the main 

distribution line faults and the CUD magnitude of the measurement differences. Among 

the main conclusions of MLFLM application, some of them that deserve special attention 

are: (i) the same MLFLM efficiency of localizing main distribution line faults despite the 

complexity of the examined original OV MV BPL topology; (ii) through the combined 

measurement operation of coupling reflection coefficients from the transmitting and 

receiving end, MDLFIs have been simultaneously defined, thus rendering MLFLM 

immune against the location of main distribution line faults; and (iii) MLFLM can 

mitigate measurement differences since the combined minimization of MDLFIs secures 

MLFLM performance.  

 After this set of papers, apart from the identification and localization 

methodology of the fault in branch line, the instability in branch interconnections and the 

instability in branch terminations, the case of the identification and localization of the 

main distribution line faults has also been achieved. Now, a complete methodology of 

identifying and localizing possible faults and instabilities across transmission and 

distribution power grids, which is based on the signal transmission theory and signal 

processing techniques through informatics, is now available. 
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