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(57) Abstract: The invention proposes a
method for detecting loss or malfunctions in
a meshed electrical distribution network.
The method comprises a step of receiving
average measured voltage values and aver-
age measured current values associated with
one or more points of supply within the
electrical distribution network, and a step of
receiving average measured voltage values
and average measured current values associ-
ated with a plurality of points of consump-
tion within the electrical distribution net-
work. Furthermore, the method comprises
the step of calculating first conductivity
paramters based on said received average
measured voltage values and average mea-
sured current values and the step of receiv-
ing further average measured voltage values
and average measured current values associ-
ated with said points of supply within the
electrical distribution network. Still further
the method comprises the steps of receiving
furher measured average voltage values and
average current values associated with said
points of consumption within the electrical
distribution network and analyzing said fur-
ther received average measured voltages and average measured currents using said calculated conductivity paramters to detect any
deviations of measured currents values from calculated currents values with respect to a given point of consumption or point of

supply.
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Detection of loss or malfunctions in electrical distribution networks

The present invention relates to the field of power measurement.

Detection of non-technical loss of electrical energy is a problem for any electric utility. If
electrical energy is lost due to fraudulent actions, e.g. by use of a connection to the network
bypassing the respective electricity meter, it is very difficult for the utility to analyze the
location of the theft as well as the time/duration as well as the value of the theft.

Although the awareness grows, there exist markets where more than 10 % of the provided
energy is consumed by theft or without authorization, thereby causing a significant threat to
revenues.

Even where accurate values, e.g. measured by smart meters, are available, it has not been

possible to accurately detect the location, time and amount of an electrical energy theft.
Still further, it is difficult to provide legal proof of an electrical energy theft after it is detected.

Additionally, loss may alsc be an indication of malfunctions within different power distribution
networks, such as on chip-level, apparatus level, isolated networks, e.g. within a vehicle,
consumer networks within a plant or a household, or any other appropriate distribution
network.

There exist solutions which are based on data mining and neural networks. However none of
the known methods is accurate enough to provide an accurate indication of the location, time
and amount of an electrical energy theft. The majority of these methods are based on
comparisons with historical data and load profiles or others. These methods are in general
only able to provide an indication that there is a fraudulent action while they do not provide
an indication of the theft time and amount.
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Furthermore, there exist solutions within a smart meter intended to detect direct manipulation

of the meter itself. However, one such smart meter is not able to detect a bypass thereof.

Additionally one may compare measurements by a group of meters which are located in the
point of delivery, i.e., within a certain feed, with the combined readings from the meters of the
supplied consumers. However, since the load within a distribution network and the portions
thereof varies neither the exact location nor the amount of an electrical energy theft can be
determined.

Even if one would combine two or more of the different solutions, the resulting solution fails

to provide an accurate indication of the location, time and amount of the theft.

It is therefore an object of an embodiment of the invention to provide a method which allows
for providing an accurate detection of loss in electrical distribution networks.

The problem is solved by a method for detecting loss or malfunctions in an electrical
distribution network. In a first step average measured voltage values and average measured
current values associated with one or more points of supply within the electrical distribution

network are received. In another step average measured voltage values and average
measured current values associated with a plurality of points of consumption within the
electrical distribution network are received. Based on said received average measured
voltage values and average measured current values conductivity parameters are calculated.
Thereafter, in a further step further average measured voltage values and average measured
current values from said points of supply within the electrical distribution network are
received. In another step further average measured voltage values and average measured
current values from said points of consumption within the electrical distribution network are
received. Thereafter said further received average measured voltages and average
measured currents are analyzed using said calculated conductivity parameters to detect any
deviation of measured current values from calculated current values with respect to a given

point of consumption or point of supply.

In an embodiment of the invention the received average measured voltage values and

average measured current values are averaged over a predetermined period of time.

In a further embodiment of the invention from the analysis of points is determining a location
of loss is determined.
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in yet another embodiment of the invention from the analysis of points an amount of loss is
determined.

According to still another embodiment of the invention the calculation of conductivity
parameters is based on an optimization method.

In a further embodiment the optimization method is selected from the group comprising
Quasi Newton, Conjugated Gradient, Simplex Method, Fuzzy Logic, Evolution Methods.

In a still further embodiment of the invention based on said received further average
measured voltage values and further average measured current values second conductivity
parameters are calculated and by comparing said first conductivity parameters to said
second conductivity parameters are analyzed.

According to yet another embodiment the result of the analysis can be visualized.

The problem is also solved by a system adapted for detecting loss or malfunctions in an
electrical distribution network. The System comprises a first logical receiver adapted for
receiving average measured voltage values and average measured current values
associated with one or more points of supply within the electrical distribution network, and a
second logical receiver for receiving average measured voltage values and . average
measured current values associated with a plurality of points of consumption within the
electrical distribution network. Additionally said system comprises a Calculation Unit adapted
for calculating conductivity parameters based on said received average measured voltage
values and average associated with current values. Said first logical Receiver is further
adapted for receiving further average measured voltage values and average measured
current values associated with said points of supply within the electrical distribution network
and said second logical Receiver is further adapted for receiving further measured average
voltage values and average current values associated with said points of consumption within
the electrical distribution network. Said Calculation Unit is further adapted for analyzing said
further received average measured voltages and average measured currents using said
calculated conductivity parameters to detect any deviations of measured current values from
calculated current values with respect to a given point of consumption or point of supply.
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According to another embodiment of the invention the Calculation Unit is further adapted to
average said received average measured voltage values and average measured current
values over a predetermined period of time.

Still in a further embodiment according to the invention said Calculation Unit is further
adapted for determining from the analysis of points a location of loss.

In yet another embodiment said Calculation Unit is further adapted for determining from the
analysis of points an amount of loss.

According to a further embodiment according to the invention said Calculation Unit is further
adapted for calculating of conductivity parameters based on an optimization method.

In a further embodiment of the invention the optimization method is selected from the group
comprising Quasi Newton, Conjugated Gradient, Simplex Method, Fuzzy Logic, and
Evolution Methods.

Still in another embodiment of the invention said Calculation Unit is further adapted for

visualizing the resulit of the analysis.

in a still further embodiment of the invention said Calculation Unit is further adapted for
calculating second conductivity parameters based on said received further average
measured voltage values and further average measured current values calculating second
conductivity parameters; and said Calculation Unit is further adapted for analyzing by

comparing said first conductivity parameters to said second conductivity parameters.

Brief Description of the Figures

Some embodiments of apparatus and/or methods in accordance with embodiments of the
present invention are now described, by way of example only, and with reference to the
accompanying drawings, in which:

Figure 1 shows schematically an exemplary electrical distribution network,
Figure 2 shows schematically an equivalent circuit of the exemplary electrical distribution
network of Figure 1,
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Figure 3 shows schematically an equivalent circuit of the exemplary electrical distribution
network of Figure 1 being used within Detection,

Figure 4 shows a table of numerical results derived by a method according to an
embodiment of the invention,

Figure 5 shows a graphical representation of numerical results derived by a method
according to an embodiment of the invention,

Figure 6 shows an exemplary flow diagram according to different embodiments of the
invention,

Figure 7 shows schematically exemplary system according to the invention,

Figure 8 shows a table of numerical results derived by a method according to an
embodiment of the invention, and

Figure 9 shows a graphical representation of numerical results derived by a method
according to an embodiment of the invention.

The following embodiments of the invention will be described with respect to the figures.

In Figure 1 an exemplary electrical distribution network 1 in one embodiment is shown.

Within said network 1, a power supplier SP is indicated on the right side of the figure. The
power supplier SP delivers a current |, at a certain potential U, towards the network.
Furthermore, said network 1 comprises a plurality of consumers C4, C, ... and C,, where n

represents a predetermined integer.

Each Consumer consumes at a certain voltage (or potential difference) certain current. Said
current may be understood as a measured current at a measured voltage. For example,
Consumer C, consumes power which may be evaluated by the measured current |, and the
measured voltage U,, Consumer C, consumes power which may be evaluated by the
measured current |3 and the measured voltage U, and Consumer C,, consumes power which
may be evaluated by the measured current I, and the measured voltage U,

Said network 1 may be meshed in any given arrangement as indicated in the Figure, i.e. it
may even comprise loops, i.e. connections of different consumers via different pathes. l.e.
Consumer C1 is interconnected to Consumer C2 or Cn via a first path P1 (dotted line) and
via a second path P2 (dashed line).
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Meshed network topologies are complex and do not allow for adopting solutions known to
hierarchal organized networks.

The distribution network can be completely unknown in its topology and conductivity for the

procedure.

Every load, be it consumption or supply, in the network leads to a negative or positive
voltage drop that has an influence on the voltages in the whole network.

The network of Figure 1 and the associated loads may be described as a network of
conductance as shown in Figure 2.

There, the plurality of consumers C,, C, and C,, and the Power Supplier SP are connected
one another by certain conductance.

A consumer represents a point of consumption wile a power supplier represents a point of

supply.

The network of conductance is represented by a dashed cloud Gg.

Within said network each supplier and each consumer measures the voltage and current. It
is understood that these measured voltage and current may also be averages themselves,
i.e. averages over a given period.

For convenience, and without loss of generality, it will be assumed in the following that the
measured potential and currents are measured at the same time. If the measured potential
and currents concern averages themselves it is assumed that they are as well averages with
respect to the same time period, e.g. with respect to a certain amount of minutes, e.g. 1 min,

5 min, 15 min, 30 min, 60 min, ... .

Now, assuming that there is a conductance in between each element — supplier(s) and
consumer(s) — in the electrical distribution network 1, one can state, that there is a voltage
drop across each element. Said voltage drop may be calculated in the following manner on

basis of the measured value across each element of the electrical distribution network:
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5Un=U1'U1

wln = Ul _Un

Based on the derived voltage drop, one may determine a simulated current through each
element as follows:

Is, = g, *0U, + g, *0U\, +--- g, *oU,

1n

Isn =gnl*5l]nl +g332*5(}n2+'“gm*wn

n

where |s represents a simulated current through a network element.
In this instance, Is; represents a simulated current from the power supplier SP; Is,
represents a simulated current to Consumer C,, Is; represents a simulated current to

Consumer C,, and Is, represents a simulated current to Consumer C,.

These simulated currents are based on the network of conductance expressed as a matrix

as follows:
8u ' 8
GC =] . :
gnl gnn

The conductivity matrix G¢ is determined based on the following understanding:
Err(t)y=(I, = Is,) +--+(I, - I5, )
Err(t,---t,)=Err(t,))+ Err(t,) +---Err(t,)

where t, ... t indicates a time period.

It can be shown that the number of criteria provided by the two equations above needs to be
sufficiently high such that the number of unknown matrix elements may be calculated.

The number of unknown matrix elements depends on the size of the network which impacts
the coupling of matrix elements. l.e. the larger the network is the less impact is to expected
from elements within the network elements which are distant to each other. This finding may
be used to assume that a certain number of matrix elements are held to be 0, i.e. there is no
need to determine these matrix elements.
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Assuming a smaller network and, hence, a stronger coupling, the number of unknown matrix
elements p may be determined as follows:
p=0.5*n*(n+1),

where n is the number of criteria.

Assuming a larger network and, hence a looser coupling, the number of unknown matrix
elements p may be defined as follows:
p<05*n*50.

Here, the calculation is based on an estimated band matrix. As can be seen from the above,
it is assumed that once a concerned network comprises more than 50 nodes, one may
assume loose coupling. This estimation is a good assumption and reduces the overall
necessary calculations. Nevertheless, if calculation time is of no concern, there is no

necessity to assume loose coupling.

It can be shown that the number of criteria n given by equations Err (t) and Err (t5...t) are
equal to or higher than the number of unknown matrix elements p.

Per time period t; ... t, the number of criteria is n. By considering the above inequality

p <0.5*%n*50 in case of loose coupling, one would need 25 time periods for the calculation

of Ge.

The unknown matrix elements g., are calculated using any appropriate optimization
methods, such as Quasi Newton, Conjugated Gradient, Simplex Method, Fuzzy Logic,
Evolution Methods, etc.

The optimization method may be chosen such that further parameters are taken into account
such as time necessity and / or accuracy and / or efficiency.

It is understood that the intended target of the optimization is to minimize Err (t...1) to be as
close to zero as possible by varying the matrix elements gm, until the intended target given is
reached.

After the matrix is determined, the detection of loss may be performed.

The analysis of time and location is based on the following equations:
8



10

15

20

25

30

WO 2012/045498 PCT/EP2011/063277

Ern(t,)= (Il "Isl)z
Err,(t,)=(I,~Is,)

While the analysis on an amount of an electrical energy theft is based on the following

equations:

¥,@)=,-Is,)

¥,¢)=0,-1Is,)

Now turning to a network comprising a Supplier SP and 3 Customers C,, C, and C, as
indicated in Figure 1, and assuming that the elements within the conductance matrix G¢ are
already determined, it is assumed that the values displayed in the table shown in Figure 4

are received and further processed.

Within a first time period T, average currents and average voltage drops from the Supplier
and the Customers are received. From these received values, the differential voltage drops

oU,, ---0U,, are determined as well as the simulated currents Is, --- Is, with respect to each

supplier and consumer.

In theory, the simulated current and the measured current shall be identical. However, due to
some numerical computation as well as varying voltages and varying load, a certain amount
of deviation may be assumed as normal. In the present case it is assumed that a deviation
within 5 % is within normalcy. This value may be subject to further fine tuning depending on
numerical accuracy, time period for averaging, network size, etc.

The same is repeated for further time periods T, ... T+.

Now turning to Time period T;. There it can be seen that Consumer C, shows a deviation of
more than 5 %. While the measured values leads to a simulated current Is; of 59831162, the
measured current displays only 2,017319.

Hence, the above approach not only allows for detecting the location of a theft, customer 2,
but also for quantifying the theft as almost 4 units within the time period Ts.
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The results shown in the table may also be visualized in Figure 5. There it can easily be

detected that within time period T, customer 2 has consumed more power than measured.

Thus an employee of the power distributor may easily detect the fraud and trigger a service
employee to check the respective installation and / or to instigate legal actions. This may
nevertheless also be automated and once a fraud is detected it would be possible to instruct
services employees to check in an automated manner as well as instigating legal actions by
means of a form letter.

Hence, a method according to the invention may be summarized as follows:

Average measured voltage values U, and average measured current values |, associated
with one or more points of supply - such as supply locations - SP within the electrical
distribution network 1 are received in a step 100.

In a further step 200 average measured voltage values U,,U; U, and average measured
current values I,,l5,1, associated with a plurality of points of consumption — such as all
consumer locations - C,,C,,C, within the electrical distribution network 1 are received.

The steps 100 and 200 are repeated as lon
calculating the matrix elements. Therefore, it is decided in a step 250 whether there are
sufficient criteria available or not. If the number is not sufficient, the steps 100 and 200 are
performed another time (No-branch) while if the number is sufficient, the method continues
with step 300 (Yes-branch).

Based on said received average measured voltage values U,, U,, Us;, U, and average
measured current values |y, Iy, I3, 1, first conductivity parameters of Matrix G¢ are calculated
in a step 300.

Once the first conductivity parameters are determined further average measured voltage
values U, and average current values |, associated with said points of supply SP within the
electrical distribution network 1 are received in a step 400 and in a step 500 further average
measured voltage values U,, Us, U, and average measured current values l,, |5, I, associated
with said points of consumption C;, C,, C, within the electrical distribution network 1 are
received.

10
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Thereupon, said further received average measured voltages and average measured
currents using said calculated first conductivity parameters are analyzed in step 600 to detect
any deviation of measured current values from calculated current values with respect to a
given point of consumption or point of supply.

It is understood that the calculation may need updates from time to time to reflect a varying
electrical distribution network 1. The update may be triggered by construction works in the
distribution network 1 and / or may be repeated periodically, e.g. every week, every month,
etc. This update may lead to a periodical (re-)start of the method.

in an embodiment of the invention the received measured average voltage values and
average current values are averaged over a predetermined period of time. A predetermined
time may be any suitable time period, e.g. 1 min, 5 min, 15 min, 30 min, 60 min,

In an embodiment, the method may be complemented by a step 700 following analysis, said
step concerning determination from the analysis of points a location of loss. This
determination may be based on a certain threshold, i.e. once a certain threshold is exceeded
the deviation is determined to be a theft. Such a threshold may be any suitable value, e.g. 5
%. Said value may be subject to further fine-tuning.

In still a further embodiment, the step of analyzing 600 may be followed by a step 800 in
which it is determined from the analysis of points an amount of loss. This amount is based on

the deviation of calculated and measured current values of the respective network element.

Iin a still further embodiment the calculation of conductivity parameters of step 300 is based
on an optimization method. The unknown matrix elements g, are calculated through any
appropriate optimization methods, such as Quasi Newton, Conjugated Gradient, Simplex
Method, Fuzzy Logic, Evolution Methods, etc.

In a still further embodiment the method alsoc comprises a step 900 in which the results of the
analysis provided in steps 600 and / or 700 and / or 800 are visualized.

Turning now to a different field of application, the invention may also be used for detection of
malfunctions.

11
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Malfunctions can be of two types, i.e. a quick degradation as it is experienced by a line cut or
a short cut and slow degradation as it is experienced when lines or devices are showing a
change in resistance e.g. due to aging processes.

Slow and quick as used herein are however not a fixed sizes but are connected to the

methods and the repeated use.

Malfunctions lead to change in conductivity in between the concerned nodes. Suppose that
Path P1 in Figure is damaged such that there is an increased resistance or that the line is
completely interrupted.

A malfunction representing a quick degradation will be perceived as a change in error
function in the process as described before. Quick in that sense may be within a small
number of time periods compared to the number of time periods forming base of calculation
of conductivity matrix. E.g. if the number of time periods necessary for calculating the
conductivity matrix is 25 than a quick degradation may be within 10 or less time periods.

As can be seen in Figures 8 and 9 the deviations as derived in the process described before
are rather low for different time periods T, to Ts. However, in time period T; at two nodes

represented by Customer C, and C; almost the same deviation is experienced. As the

nted by Customer C; and C; almost
deviation is not pertaining to a single customer but to two nodes, it may be deduced that the
interconnection between Customer C, and C; is damaged, i.e. it experiences a fast
degradation. This determination may be based on a certain threshold, i.e. once a certain
threshold is exceeded the deviation is determined to be a theft. Such a threshold may be any

suitable value, e.g. 5 %. Said value may be subject to further fine-tuning.

Hence, the analysis performed in step 600 may provide both an understanding were power is
lost and an understanding were lines are malfunctioning due to fast degradation events.

However if the malfunction represents a slow degradation such as when a customer or a link
in between customers and/or a supplier is aging leading to a slow change of resistance, the
conductivity matrix G, will follow such a change and a malfunction representing a slow
degradation may not be derivable via error functions. Slow in that sense may be within a
certain number of time periods compared to the number of time periods forming base of
calculation of conductivity matrix. E.g. if the number of time periods necessary for calculating

the conductivity matrix is 25 than a slow degradation may be within 10 or more time periods.

12
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However, such a slow degradation can rather easily be detected by comparing conductivity
matrixes over time.

Suppose a first matrix G, 1 with first conductivity parameters is calculated at a point in time t,
and another matrix G ; with second conductivity parameters is calculated at a point in time t,
which is different from t, than if no change in the distribution network is to be observed the
conductivity matrix should almost be identical.

However, if the lines or a customer or a supplies experiences a siow degradation than the
first and second conductivity parameters pertaining to a malfunctioning customer or supplier,
and / or lines in between customer(s) and/or suppliers, will deviate over time.

Hence, by comparing conductivity matrixes respectively parameters pertaining to a second
time period to previous ones, i.e. conductivity matrixes respectively parameters pertaining to
a first time period, it is possible to detect even malfunctions representing slow degradations.
This determination may be based on a certain threshold, i.e. once a certain threshold is
exceeded the deviation is determined to be a theft. Such a threshold may be any suitable
value, e.g. 5 %. Said value may be subject to further fine-tuning.

Obviously, detecting slow degradation may be performed stand alone as it is not necessary
to calculate current values based on calculated conductivity parameters and received
average measured voltages and average measured currents.

On the other hand it may easily be integrated as conductivity parameters calculation may be
performed repeatedly.

In another embodiment of the invention, the above method is incorporated in a system 10
adapted for detecting loss in an electrical distribution network.

Such a system 10 may be embodied in a computer or a controller comprising a first logical
receiver RXgp adapted for receiving average measured voltage values and average
measured current values associated with one or more point of supply within the electrical
distribution network, and a second logical Receiver RX¢ for receiving average measured
voltage values and average measured current values associated with a plurality of points of
consumption within the electrical distribution network 1.

13
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Said logical receivers RXy, and RX; may be embodied in one or more network cards
connected to respective meters located at the Supplier(s) SP and Customers C4, C,, C,. As
indicated said logical receivers RXs, and RX. may be embodied in a common physical
Receiver NIC.

Said system 10 also comprises a Calculation Unit ALU adapted for calculating first
conductivity parameters based on said received average measured voltage values and
average measured current values. A respective Calculation Unit ALU may be any kind of a
microprocessor, microcontroller, FPGA, ASIC, or the like.

Said first logical receiver RXsp is further adapted for Receiving further measured average
voltage values and average current values associated with said points of supply SP within
the electrical distribution network 1 and said second logical Receiver RX. is further adapted
for Receiving further measured average voltage values and average current values
associated with said points of consumption C4, C,, C, within the electrical distribution network
1.

Said logical receivers RX,, and RX; may be embodied in one or more network cards
plier(s) SP and Customers C,, C,, C,. As
indicated said logical receivers RXs, and RX. may be embodied in a common physical
Receiver NiC.

Said Calculation Unit ALU is further adapted for analyzing said further received average
measured voltages and average measured currents using said calculated conductivity
parameters to detect any deviation of measured current values from calculated current

values with respect to a given point of consumption or point of supply.

If the ALU does not provide a memory sufficient for calculating, a conventional memory MEM
may be provided which allows for storing of results, calculation intermediates and for
retrieving said data, either for calculation and / or for displaying purposes. In particular, said
memory may be arranged for storing one or more previously calculated conductivity

parameter matrixes for detecting deviations pertaining to slow degradation of connections.

14
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In a further embodiment of the invention the Calculation Unit ALU is further adapted to
average said received measured average voltage values and average current values over a
predetermined period of time.

In still a further embodiment of the invention, the Calculation Unit ALU is further adapted for
determining from the analysis of points a location of loss.

In yet another embodiment of the invention the Calculation Unit ALU is further adapted for

determining from the analysis of points an amount of loss.

According to another embodiment of the invention the Calculation Unit ALU is further
adapted for calculating of conductivity parameters based on an optimization method. The
optimization method is selected from the group comprising Quasi Newton, Conjugated
Gradient, Simplex Method, Fuzzy Logic, and Evolution Methods.

In a further embodiment of the invention the Calculation Unit ALU is further adapted for
calculating second conductivity parameters based on said received further average
measured voltage values and further average measured current values calculating second
conductivity parameters and the Calculation Unit ALU is further adapted for analyzing by
comparing said first conductivity parameters to said second conductivity parameters.

It is however understood, that any appropriate method may be chosen. The optimization
method may be chosen such that further parameters are taken into account such as time
necessity and / or accuracy and / or efficiency.

The target of the optimization is to minimize Error, i.e. while calculating the matrix elements,
the matrix elements are varied such that the difference between a measured current and a
simulated current is minimized and eventually reaches 0, i.e. there is no error but the model
is a true equivalent circuit of the electrical distribution network 1.

Still in another embodiment of the invention the Calculation Unit ALU is further adapted for

visualizing the result of the analysis.

Such visualization may be performed by an internal WWW-Server which offers graphical
data based on the calculations via a Transmitter TX of a network interface card NIC or it may

be provided as a video-signal DIS directed to monitor.
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By means of the invention it is now possible without knowing the exact network set-up of the
distribution network to detect theft merely by receiving measured values and calculating.
Thereby, it is not only achieved that the method is inexpensive but also that the method does
not need special trained personnel.

The accuracy is highly increased by allowing detecting not only the time of theft but also
detecting the location and amount of theft.

While the invention has been illustrated and described in detail in the drawings and foregoing
description, such illustration and description are to be considered illustrative or exemplary
and not restrictive; the invention is not limited to the disclosed embodiments.

Other variations to be disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word “comprising” does not exclude
other elements or steps, and the indefinite article “a” or “an” does not exclude a plurality. The
mere fact that certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used to advantage. Any reference

signs in the claims should not be construed as limiting scope.
The present invention may be embodied in other specific apparatus and/or methods. The
described embodiments are to be considered in all respects as only illustrative and not
restrictive.

It should be appreciated by those skilled in the art that any block diagrams herein represent
conceptual views of illustrative circuitry embodying the principles of the invention.

In particular, the scope of the invention is indicated by the appended claims rather than by

the description and figures herein. All changes that come within the meaning and range of
equivalency of the claims are to be embraced within their scope.
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1.

2.

4,

Claims

Method for detecting loss or malfunctions in a meshed electrical distribution network,

comprising
receiving average measured voltage values and average measured current
values associated with one or more points of supply within the electrical
distribution network;
receiving average measured voltage values and average measured current
values associated with a plurality of points of consumption within the electrical
distribution network;
based on said received average measured voltage values and average
measured current values calculating first conductivity parameters;
receiving further average measured voltage values and average measured
current values associated with said points of supply within the electrical
distribution network;
receiving further average measured voltage values and average measured
current values from said points of consumption within the electrical distribution
network; and
analyzing said further received average measured voltage values and
average measured current values using said first calculated conductivity
parameters to detect any deviations of measured current values from
calculated current values with respect to a given point of consumption or point
of supply.

Method according to claim 1, wherein the received average measured voltage values
and average measured current values are averaged over a predetermined period of

time.

Method according to claim 1 or 2, further comprising determining from the analysis of
points a location of loss.

Method according to any of the preceding claims, further comprising determining from
the analysis of points an amount of loss.
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5. Method according to any of the preceding claims, wherein the calculation of

conductivity parameters is based on an optimization method.

6. Method according to claim 5, wherein the optimization method is selected from the

group comprising Quasi Newton, Conjugated Gradient, Simplex Method, Fuzzy Logic,

Evolution Methods.

7. Method according to any of the preceding claims, further comprising visualizing the

result of the analysis.

8. Method according to any of the preceding claims, further comprising the steps of

based on said received further average measured voltage values and further
average measured current values calculating second conductivity parameters;
analyzing by comparing said first conductivity parameters to said second

conductivity parameters.

9. System adapted for detecting loss or malfunctions in a meshed electrical distribution

network, comprising:

a first logical receiver adapted for receiving average measured voltage values
and average current values associated with one or more points of
supplywithin the electrical distribution network,

a second logical receiver for receiving average measured voltage values and
average measured current values associated with a plurality of points of
consumption within the electrical distribution network,

a Calculation Unit adapted for calculating first conductivity parameters based
on said received average measured voltage values and average measured
current values,

wherein said first logical Receiver is further adapted for receiving further
average measured voltage values and average measured current values
associated with said points of supply within the electrical distribution network
wherein said second logical Receiver is further adapted for receiving further
average measured voltage values and average measured current values
associated with said points of consumption within the electrical distribution
network

wherein said Calculation Unit is further adapted for analyzing said further

received average measured voltages and average measured currents using

18



10

15

20

25

30

WO 2012/045498 PCT/EP2011/063277

said calculated conductivity parameters to detect any deviation of measured
current values from calculated current values with respect to a given point of
consumption or point of supply.

10. System according to claim 9, wherein the Calculation Unit is further adapted to
average said received average measured voltage values and average measured
current values over a predetermined period of time.

11. System according to claim 9 or 10, wherein said Calculation Unit is further adapted
for determining from the analysis of points a location of loss.

12. System according to any of the preceding claims 9 to 11, wherein said Calculation
Unit is further adapted for determining from the analysis of points an amount of loss.

13. System according to any of the preceding claims 9 to 12, wherein said Calculation
Unit is further adapted for calculating of conductivity parameters based on an
optimization method.

14. System according to claim 13, wherein the optimization method is selected from the
group comprising Quasi Newton, Conjugated Gradient, Simplex Method, Fuzzy Logic,
Evolution Methods.

15. System according to any of the preceding claims 9 to 14, wherein said Calculation
Unit is further adapted for visualizing the result of the analysis.

16. System according to any of the preceding claims 9 to 15,

¢ wherein said Calculation Unit is further adapted for calculating second
conductivity parameters based on said received further average measured
voltage values and further average measured current values calculating
second conductivity parameters; and

+ wherein said Calculation Unit is further adapted for analyzing by comparing
said first conductivity parameters to said second conductivity parameters.
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