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Abstract—An effective power system protection scheme has to
be able to detect and locate all occurring faults corresponding
to low and high impedance values. The latter category poses
the greatest challenge for the protection schemes due to the
low values of the related fault current. This paper extends pre-
vious work by the authors on the subject, aiming to achieve
detection and location of high impedance faults (HIFs) in mul-
ticonductor overhead distribution networks utilizing power line
communication (PLC) devices. Fault detection is proposed to be
performed by a PLC device installed at the starting point of the
monitored line and by using differences to the values of metrics
related to input impedance at frequencies utilized by narrowband
systems. Moreover, fault location can be derived by a response to
impulse injection procedure utilized by all installed PLC devices
along the line. The method is evaluated and validated in various
simulation test cases concerning its ability to effectively detect
and locate HIFs.

Index Terms—Fault location, high impedance fault (HIF)
detection, multiconductor distribution lines, power distribu-
tion faults, power line communications (PLCs), power system
protection, smart grids.

I. INTRODUCTION

P
OWER SYSTEM protection is a critical issue for both

operational and safety reasons. An efficient protection

scheme has to be able to ensure that the power system operates

adequately, and protects the equipment as well as the public

from hazardous overvoltages. For most occurring faults, over-

current relays installed for distribution system protection can

detect and cut off the supply to the feeder containing the fault.

Nevertheless, the possibility of a fault occurrence that will

cause a slight increase to the line current, cause of its high

impedance, and thus not be detectable by the conventional pro-

tection schemes has to be taken into account. This will result

to the design of an enhanced protection scheme which will

be able to detect and isolate both low and high impedance

faults (HIFs), improving thus the protection capability of the

power system.
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The problem of HIF detection has been documented for the

first time by Aucoin and Russell [1] who proposed the usage

of the measured current harmonic content from 2 to 10 kHz.

Since then the specific subject has drawn the attention of

the scientific community and rigorous studies have been con-

ducted toward the design of an efficient protection scheme.

Lee and Osborn [2] proposed the monitoring of the zero

sequence current component with respect to the value of the

phase current adopting the context used in ground overcur-

rent relays. Moreover, artificial intelligence methods have been

used such as neural networks [3], [4], fuzzy logic [5], and

decision trees [6]. Additionally, Zamora et al. [7], [8] pro-

posed the injection of low frequency test signals, while the

utilization of wavelet transformation has also been adopted

in [9]–[11].

The problem with most proposed solutions is the need for

respective investments in order to incorporate them in the

grid. However, the upcoming evolution of traditional power

systems to smart grids may come as a solution, introducing

smart grid equipment that may also be used to provide pro-

tection functionality. Most of the new capabilities of the smart

grid require data communication and several technologies

appear as candidates for that purpose [12]–[15]. Among them

power line communications (PLC) systems, while provid-

ing narrowband [16], [17] and broadband solutions [18]–[20],

also exhibit a techno-economic advantage, as they do not

require further investments for network installation by uti-

lizing the electrical grid as communication backbone. In

order to improve its potential, PLC technology faces the

challenge to enable additional functionality, besides data

communication [21]–[25]. Within this context PLC systems

could be also used to improve the power system protection

schemes.

Milioudis et al. [26]–[29] have already investigated the

possibility of utilizing PLC systems for fault detection and

location in medium voltage (MV), regarding them as single

conductor systems. Thus, the proposed protection scheme is

the extension of that previously published work. While using

the same basic conceptual schemes, monitoring differences in

input impedance values at specific frequencies for fault detec-

tion and implementing response to impulse injection procedure

for fault location, the initial simplification of single phase sys-

tems is no longer adopted. The protection scheme is extended

to be able to take into account multiconductor configurations,
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thus is capable of being applied to an entirely different con-

figuration which poses different challenges. These extensions

cannot be regarded as obvious due to the extent of differences

among the single and multiconductor configurations and on

the occurring underlying phenomena. The presence of multi-

ple conductors causes coupling to the electric quantities among

phases and the effect to the proposed scheme is rigorously

examined. The use of specific detection and location metrics,

adjusted to the special characteristics of the studied case, is

proposed. Moreover, a PLC system architecture enabling the

implementation of the proposed protection scheme is presented

and analyzed.

II. RECOMMENDED PLC SYSTEM ARCHITECTURE

The detection of HIF occurrence, as shown in [28], prereq-

uisites the isolation of the MV part of the network from the

low voltage (LV) so as to avoid the effects of the constant load

change on the protection system. The MV network topology

is almost always static to protect the equipment from damages

and every change to this status is previously known. Its static

characteristic is essential for the application of the proposed

method, which identifies every unexpected change to the input

impedance value of the monitored topology at specific frequen-

cies as a fault occurrence indication. Furthermore, the open

ended terminations of the MV lines create standing wave phe-

nomena on the distribution lines. These standing waves enable

the HIF occurrence detection, by the use of high frequencies

traditionally utilized by PLC systems for communication pur-

poses, as was rigorously explained in [28]. Conclusively, the

application of the proposed method requires the MV network

to be isolated from the constantly changing LV network and

the corresponding lines to be terminated to open circuits for

the generation of standing waves.

High frequency performance of distribution MV to LV

transformers has attracted intense research interest through-

out several years. It has been shown that the transformer

impedance can vary from low to high values depending on

the applied frequencies [30]–[35]. This performance can deter-

mine the attenuation of a signal passing through different

voltage levels resulting in feasible or infeasible transmission

depending on each distribution transformers characteristics.

A vast number of transformers with different high frequency

performance are installed at MV distribution lines, hence the

frequencies at which they exhibit high impedance values differ

from case to case, therefore these could be different from the

best performing frequencies that would ideally be utilized for

HIF detection occurrence. Consequently, the installation of fil-

ters blocking specific selected frequencies at the transformers

installation points, along with base nodes installation for LV

smart meter data aggregation [36], could provide the necessary

conditions for the utilization of the proposed method, as shown

in Fig. 1. The installation of these band-stop filters, blocking

all European Committee for Electrotechnical Standardization

A frequency band, would provide the necessary standing wave

production on the MV distribution lines. A few number of fre-

quencies could be chosen for fault detection and therefore be

excluded from their usage for data communication purposes

Fig. 1. Suggested PLC system architecture.

by the application of masking technique [20], [37], [38].

Moreover, within the context of the suggested architecture the

data communication between different voltage levels can be

achieved with bypass cables [39] or WiFi connections [40],

hence the only frequencies that will be blocked between MV

and LV side of the transformers are the chosen frequencies

that can perform best to provide fault occurrence.

III. THEORETICAL FORMULATION

The proposed protection system aims to address both fault

detection and location. The former is suggested to be achieved

by monitoring deviations to the values of the arrangement’s

input impedance at frequencies used by narrowband PLC sys-

tems while the latter is addressed by the utilization of the

differences that occur at the network responses to impulse

injections as measured by installed PLC devices along the

line [28], [29]. The next section deals with the calculation

of the input impedance and responses to impulse injections

in multiconductor arrangements under normal operational

conditions and after a fault occurrence.

A. Detection of HIF Occurrence

1) Input Impedance of Multiconductor Transmission Line

Segment With No Lateral Branches: Let us consider a multi-

conductor transmission line comprised of N conductors above

the ground plane. Its per unit length (pul) electrical charac-

teristics are represented through N × N matrices Z′ and Y′,

which correspond to the pul impedance and admittance matrix,

respectively. The analysis of the multiconductor transmission

line can be simplified implementing the modal transforma-

tion technique, through which only N independent modes

may be considered. Through the modal approach the diagonal

matrix γ , characteristic impedance matrix Zc and characteris-

tic admittance matrix Yc and voltage transformation matrix TV

can be calculated as shown in [41].

Considering a multiconductor transmission line segment

of length l that is terminated to a load with an impedance

matrix ZL, it is known that at the termination point the

voltage reflection coefficient matrix, ŴV(0), can be calcu-

lated using (1). Furthermore, the voltage reflection coefficient

matrix, ŴV(l), which corresponds to the starting point of the

transmission line segment can be computed

ŴV(0) = [ZL − Zc] · [ZL + Zc]−1 (1)

ŴV(l) = TV · e−γ l · TV
−1 · ŴV(0) · TVe−γ l · TV

−1. (2)
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Fig. 2. Junction point.

In general, the input impedance matrix at an arbitrary point

x of the total length is given by (3), as explained in [41]

Zin(x) = Zc · [IN + Yc · ŴV(x) · Zc] · [IN − Yc · ŴV(x) · Zc]−1

(3)

where IN is the N × N identity matrix.

The total length of the line segment has to be considered

for the calculation of total input impedance Zin. The analytic

formula for this is shown

Zin = Zc · [IN + Yc · ŴV(l) · Zc] · [IN − Yc · ŴV(l) · Zc]−1.

(4)

2) Incorporation of Junction Points: Considering a junction

point at which the multiconductor transmission line is divided

into two parts (1) and (2) with input impedance matrices Z
(1)
in

and Z
(2)
in respectively, the Kirchhoff’s junction rule can be

applied. In more detail, the total current vector Itot is equal

to the sum of current vectors that correspond to each part of

the transmission line, I(1) and I(2), as shown in Fig. 2

Itot = Z
(1)
in

−1
· V

︸ ︷︷ ︸

I(1)

+ Z
(2)
in

−1
· V

︸ ︷︷ ︸

I(2)

. (5)

Hence, the apparent impedance matrix Zeq corresponding

to the parallel connection of two transmission line segments

at the junction point, which can be used as a termination

matrix (ZL) for the rest of the transmission line in (1), can be

calculated through

Zeq =
[

Z
(1)
in

−1
+ Z

(2)
in

−1
]−1

. (6)

3) Incorporation of Fault Location Points: Let us now con-

sider that a single phase HIF of Zfault resistance occurs at phase

P, corresponding to a admittance matrix Yf, where its elements

are given as explained

Yf ij
=

{
1

Zfault
if i = P, and if i = j

0 for all other cases.
(7)

The input impedance matrix of the transmission line seg-

ment just after the fault location is represented as Z, the

voltage vector V, and the current vector corresponding to

the point just before the fault location is Itot. Applying the

Kirchhoff’s junction rule at the point of the fault occurrence,

as explained before, gives (8). The apparent impedance matrix,

which can be used as a termination matrix (ZL) for the rest

of the transmission line in (1), can be computed

Itot = Z−1 · V + Yf · V (8)

Zeq =
(

Z−1 + Yf

)−1
. (9)

The case of broken conductor fault requires a slightly dif-

ferent approach. Specifically, the elements of the apparent

impedance matrix Zeq elements are defined

Zeqij
=

{

Zfault if i = P, and if i = j

Zij for all other cases
(10)

where Zij correspond to the elements of impedance matrix Z.

4) HIF Detection Metrics: The overall input impedance

calculation can be performed adopting the procedure intro-

duced in [28]. Under normal operational conditions the corre-

sponding input impedance matrix is denoted as Zin, whereas

during the occurrence of a HIF it is denoted as Zinfault.

The fault detection can be achieved through the deviations

to the values of input impedance matrix elements due to

the fault occurrence, derived from input voltage and current

measurements.

Two metrics can be used for fault detection, i.e., functions

Dp and Dep as they are defined

Dp =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

|Z
app
in fault1

( f )|−|Z
app
in 1

( f )|

|Z
app
in 1

( f )|

|Z
app
in fault2

( f )|−|Z
app
in 2

( f )|

|Z
app
in 2

( f )|

...
|Z

app
in faultN

( f )|−|Z
app
in N

( f )|

|Z
app
in N

( f )|

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

· 100% (11)

Dep(i, j) =

∣
∣Zinfaultij( f )

∣
∣ −

∣
∣Zinij( f )

∣
∣

∣
∣Zinij( f )

∣
∣

· 100% (12)

where Z
app

in faulti
( f ) (apparent input impedance of phase i) is

equal to (Vini( f ))/(Iini( f )), with Vini( f ) and Iini( f ) being the

input voltage and current of phase i under fault occurrence,

while Z
app

in i
( f ) corresponds to the same under normal oper-

ational conditions. Moreover, Zinfault(i, j) is the ij element of

input impedance matrix Zinfault, while Zin(i, j) corresponds to

the ij element of input impedance matrix Zin. In more detail,

functions Dp and Dep correspond to a N × 1 vector and a

N × N matrix for each studied frequency f, respectively.

B. Location of HIF Position

Following the procedure described in [29] and [42], the

location of the fault can be derived after the fault detection

by the implementation of a test signal injection sequence by

installed PLC devices along the length of the monitored dis-

tribution line. These PLC devices could be responsible for

narrowband or broadband data communication and can be used

for the location of the fault, which will always occur among

two successively installed devices. The location can be com-

puted through the responses to impulse injections measured by

both devices adjacent to the fault point. The injection of a test

impulse by each installed PLC device under fault conditions
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will result to altered responses, as compared to those under

normal operational conditions. These alterations can be used

for the exact fault location.

Considering an impulse as an input, the corresponding input

voltage vector is Vin( f ), and its elements are equal to unity

due to the impulse Fourier transform. The voltage vector at

every point of the line, V( f ), can be computed through the

utilization of the transfer function matrix H( f ), as in (13),

where f corresponds to the studied frequency. The response

to impulse injection in time domain, h(t), corresponding to a

N × 1 vector of time domain signals can be computed using

the inverse fast Fourier transform (IFFT)

V( f ) = H( f ) · Vin( f ) (13)

V( f )
IFFT
−−→ h(t). (14)

For the extension of the adopted methodology for transfer

function calculations in [29], the reflection and transmission

coefficients for multiconductor arrangements at various cases

have to be defined. If a pulse is traveling over a distribution

line segment of characteristic impedance matrix Zc toward a

junction point at which two line segments with characteristic

impedance matrices Zci and Zcj are connected, the voltage

reflection and transmission coefficients at the junction point

are computed as shown

ŴV =
(

Zc
−1 + Zci

−1 + Zcj
−1

)−1

×
(

Zc
−1 − Zci

−1 − Zcj
−1

)

(15)

TV = 1n + ŴV. (16)

Similarly, the voltage reflection coefficient at the point that

the fault occurs is defined

ŴV =
(

Zc
−1 + Yf + Zci

−1
)−1

·
(

Zc
−1 − Yf − Zci

−1
)

(17)

where Zci is the characteristic impedance matrix of the line

segment toward which the pulse is traveling. Moreover, the

voltage reflection coefficient at a termination point can be

computed

ŴV =
(

Zc
−1 + ZL

−1
)−1

·
(

Zc
−1 − ZL

−1
)

. (18)

Using the coefficients as they have been defined, the pro-

cess described in [29] and [42] can be adopted for response to

impulse injection calculations at the two PLC devices installed

bilaterally and closest to the fault point, with the only dif-

ference that scalars used for the single phase approach will

be transformed to vectors and matrices accordingly for the

multiconductor approach.

The fault occurrence leads to topology change and thus to

the differentiation of network responses, as they can be mea-

sured by installed PLC devices along the line. Hence, fault

location can be derived through these deviations. Considering

the devices installed bilaterally and closest to the fault location,

they are denoted as Devices 1 and 2, where Device 1 is inject-

ing and Device 2 is receiving the test impulse, while both are

measuring the response. The fault location can be computed

by comparing the responses between normal conditions and

during fault occurrence, hence the metric shown

Dij(t) = hijn(t) − hijf (t) (19)

where i corresponds to the studied device, j to the studied

phase, n to normal operation conditions, and f to the state

during fault occurrence.

Time synchronization among communication devices is an

issue of study in [24], [25], however, it is not a problem for

the proposed methodology, because it relies on the fact the

measured responses will be compared to stored responses cor-

responding to normal operational conditions. Let us assume

that the test pulse is injected at time instant t0. Knowing that

and also the measurement sampling rate the measured response

can be compared to the stored one by the device itself, since

only the starting points time alignment of the two responses

is necessary. More concretely, let us assume that the response

under normal operational conditions for a device that injects

the test impulses is formulated by N vectors, where N are the

installed phases, of 1×Msize, where M is the total measuring

samples corresponding to total measurement time T , where

T = M/( fsampling) and fsampling is the sampling frequency.

When test impulses are injected at time instant t0 in order to

determine whether a fault is near the particular device, the M

following samples have to be stored for all N phases in order to

be compared with the responses for normal operational con-

ditions. Consequently, no sophisticated time synchronization

technique is necessary. For Device 2, the process to achieve

measurement time alignment is slightly different. For this case,

Device 1 has to communicate with Device 2 and announce that

it will start the impulse injecting procedure. Device 2 starts

and records measurements for a predetermined time period T
′
.

Let us assume that the first pulses of the response measure-

ment arrive at Device 2 at time instant t1. This time instant

has to be aligned with the time instant that corresponds to

the arrival of the first pulses of the responses under normal

operational conditions. This achieves perfect time alignment

among responses under fault and normal operational condi-

tions because first pulses arrive always with a time delay equal

to t = u/d = t1 − t0,where u is the propagation speed, d the

distance among the devices, regardless of the fault that occurs.

IV. SIMULATIONS

The aim of the conducted simulations is to evaluate the effi-

ciency of the proposed method taking into account all factors

involved. The chosen test case of a multiconductor system cor-

responds to a three phase overhead MV system, parameters of

which are included in Table I.

A. Detection of HIF Occurrence

First, the effect of a HIF occurrence to the input impedance

characteristics of various distribution line topologies is exam-

ined. The first test case corresponds to the occurrence of a

15 k� fault in phase 3 and 6 km far from the starting point

of a 10 km line containing no branches. The absolute value of

the apparent input impedance of phase 3, at which the fault

occurs, versus frequency under normal operational conditions
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TABLE I
THREE PHASE OVERHEAD MV SYSTEM—SIMULATION

PARAMETERS

Fig. 3. Absolute value of phase 3 apparent input impedance under normal

conditions (|Z
app
in 3

|) and after a 15 k� fault occurrence in phase 3 and 6 km

far from the starting point of a 10 km line (|Z
app
in fault3

|).

Fig. 4. Function Dp(3) versus frequency for a 15 k� fault occurrence in
phase 3 and 6 km far from the starting point of 10 km line.

and after the fault occurrence is shown in Fig. 3. Significant

deviations are noticed among the two curves. The calculated

percentage divergence represented by the metric Dp(3) is illus-

trated in Fig. 4. As it can be easily deducted the occurrence of

the fault causes large deviations (up to more than 100 %) to the

value of the apparent input impedance at specific frequencies

of the studied frequency range.

For the next test case, the fault impedance is reduced to

1.5 k�, in order to investigate its effect to the differences

caused to the values of the apparent input impedances of all

three installed phases. The respective calculated results are

illustrated in Fig. 5. Compared to the previous test case the

deviations are considerably larger, leading to the expected con-

clusion that as the fault impedance value increases toward

infinity, it becomes more difficult to detect the fault. Also,

the significant deviations are noticed at the same frequencies

for all three phases and moreover at the same frequencies of

the previous test case showing that specific frequencies corre-

spond to high deviations in impedance values, thus can be used

for HIF detection for the same fault location. Furthermore, it

is derived that the deviations calculated for the two phases

Fig. 5. Function Dp versus frequency for a 1.5 k� fault occurrence in phase
3 and 6 km far from the starting point of a 10 km line.

Fig. 6. Fault location effect on function Dep(2, 2) versus frequency for a
15 k� fault occurrence in phase 2 of a 20 km line.

that do not contain the fault, i.e., phases 1 and 2, are notable,

due to the electromagnetic coupling that is present to multi-

conductor arrangements. This indicates that it would suffice to

monitor only one phase and provide effective HIF detection

for all installed phases.

The effect of fault location and frequency to the values

of detection metric Dep(2, 2) is further illustrated in Fig. 6.

This corresponds to the percentage deviation calculated for

the (2, 2)th entry of the input impedance matrix among nor-

mal and fault conditions. The considered fault corresponds to

15 k� and occurs at phase 2 of a 20 km line without branches.

It is observed that significant values of deviation up to 100 %

are calculated for many frequencies, but not for the entire line

length. As shown in [28], a combination of these frequencies

can be utilized in order to provide efficient monitoring for the

total length.

The next test case corresponds to a fault impedance of 5 k�

at phase 3. The effect of the fault location and the selected

frequency to the value of metric Dp(3) is presented in Fig. 7.

It is deduced that the calculated deviations are much higher

for the examined metric, exhibiting values of hundreds of

percent. It has to be noted that the maximum value of the

metric was limited to 1000 % to enhance the figure readabil-

ity. Comparing the results with the previous examined case, it

can be concluded that the usage of metrics corresponding to

apparent input impedance deviations (i.e., metric Dp) lead to

much higher deviations, but at the same time more frequencies

have to be reserved for HIF detection over the entire length of

the monitored line. The same conclusions can also be derived

by the examination of a 10 k� fault that is considered to occur
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Fig. 7. Fault location effect on function Dp(3) versus frequency for a 5 k�

fault occurrence in phase 3 of a 20 km line.

Fig. 8. Fault location effect on function Dp(2) versus frequency for a 10 k�

fault occurrence in phase 2 of a real topology.

Fig. 9. Fault location effect on function Dep(2, 2) versus frequency for a
10 k� fault occurrence in phase 2 of a real topology.

at various locations of a real topology of the Greek MV distri-

bution network as it was presented in [28]. The corresponding

results for detection metrics Dp(2) and Dep(2, 2) are shown

in Figs. 8 and 9, respectively.

Subsequently, the case of a broken conductor occurrence

along the phase 3 of the real topology is chosen to be studied.

The effect of various fault locations and frequencies on metrics

Dp(1) and Dp(1, 1), i.e., corresponding to a phase that does

not contain the fault, is presented in Figs. 10 and 11, respec-

tively. The illustrated deviations are considerably high for both

examined cases and for a variety of frequencies denoting that

Fig. 10. Broken conductor, in phase 3 of a real topology, fault location effect
on function Dp(1) versus frequency.

Fig. 11. Broken conductor, in phase 3 of a real topology, fault location effect
on function Dep(1, 1) versus frequency.

the broken conductor case is easily detectable by both metrics

involved in the proposed HIF detection scheme. It has to be

emphasized that the metrics do not correspond to the phase at

which the fault is considered to occur, thus it can be deducted

that it will suffice to monitor only one phase to provide detec-

tion for all installed phases. Once again the maximum values

of the metrics were limited to 1000 % to enhance the figures

readability.

B. Location of HIF Position

After a fault is detected by the deviation it causes to the

values of metrics associated with input impedance parameters

its exact location can be derived after the application of a test

impulse procedure utilizing all installed PLC devices along

the monitored line as described in [29] utilizing reflection and

transmission matrices calculated as described in Section III-B

of this paper. The fault will always occur between two suc-

cessive communication devices, therefore the analysis will

focus on that segment of the network. During the test impulse

procedure, one of these devices injects a test impulse into

the network, while measuring at the same time the response.

This is denoted as Device 1. The second device (denoted as

Device 2) also measures the response to the injected impulse,

as observed by it. For the purpose of this paper, the distance

between these devices is considered to be equal to 1 km with

no branches, corresponding to a typical distance between PLC
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Fig. 12. Effect of a 1.5 k� fault located in phase 2 and at distance of 800 m
from Device 1 on responses to injected impulses of all phases measured from
the same device through function D1i(t).

Fig. 13. Effect of a 1.5 k� fault located in phase 2 and at distance of 800 m
from Device 1 on responses to injected impulses of all phases measured from
Device 2 through function D2i(t).

Fig. 14. Effect of a 5 k� fault located in phase 3 and at distance of 300 m
from Device 1 on responses to injected impulses of all phases measured from
the same device through function D1i(t).

devices in MV networks [18], [20]. Moreover, the connection

points are considered to be matched.

In the first examined test case, a fault equal to 1.5 k�

located at phase 2 and at distance of 800 m from Device 1

is considered. The effect of its occurrence to the responses of

all three phases as they are measured from Devices 1 and 2

is presented in Figs. 12 and 13, respectively.

More specifically, the difference among responses of all

three phases under normal operation conditions (h1in(t)) and

Fig. 15. Effect of a 5 k� fault located in phase 3 and at distance of 300 m
from Device 1 on responses to injected impulses of all phases measured from
Device 2 through function D2i(t).

the responses after the fault occurrence (h1if (t)) are presented

in Fig. 12 through D1i(t). The same time series are included

in Fig. 13 corresponding in this case to the measured values

from Device 2. It can be derived from both figures that the

fault imposes differences to the responses for both devices

and for all installed phases. The extra peaks measured after

the fault occurrence can be used to provide exact fault loca-

tion through the usage of the known propagation velocity

of the impulse [29]. Moreover, these deviations are much

larger for the phase containing the fault, i.e., phase 2 in the

example presented here, as compared to the other phases.

However, it has to be noted that, as for the fault detec-

tion case, the utilization of only one phase could provide

efficient fault location for all installed conductors. Similar

results and conclusions are depicted from the case investi-

gated next, corresponding to a 5 k� fault, located at phase

3 and at a distance of 300 m from Device 1, as shown

in Figs. 14 and 15.

V. CONCLUSION

In this paper, a protection scheme dealing with the detection

and location of HIFs in multiconductor distribution networks

is presented and evaluated. It utilizes installed PLC devices

along the monitored line and takes into account the elec-

tromagnetic coupling among the multiple phase conductors.

A PLC device installed at the starting point of the moni-

tored line is suggested to be used for fault detection. The

device is continuously monitoring deviations caused to detec-

tion metrics that are associated with the input impedance

of the network at specific frequencies, when a fault occurs,

and as compared to normal operational conditions. This can

be achieved through a specific PLC system architecture that

is also proposed here. The process for the calculation of

the input impedance matrix of multiconductor arrangements

under normal operational conditions and after the occurrence

of a fault is presented. The implementation of two different

detection metrics is tested and the advantages and draw-

backs of each one are stated. Additionally, the proposed HIF

detection approach is tested in several distribution line test

cases, as well as in a real distribution topology, with satis-

factory results for all examined cases. Moreover, the effect
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of the fault occurrence on responses to injected impulses,

as they are measured from installed PLC devices, is shown.

Exact fault location can be derived by using these responses.

Finally, it is shown that the installation of measuring equip-

ment in only one phase could provide both detection and

location related to all installed conductors in the examined

arrangement.
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