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Description

The invention relates to a method for the visual display of the
quality of power transmitted 1in a power transmission
installation. For the purposes of this patent application,
power transmission installations mean any installations which
can transmit power, that is to say for example electrical power
transmission installations which transmit power in electrical
form, or media-based power transmission installations, such as
gas line systems, natural gas line systems or oil line systems,
which transmit energy on a media basis, irrespective of whether

this is gas—- or oil-based.

A computer-assisted pipeline management system having a window-
based graphical user interface is known from US 2005/0038825
Al.

In this context, the invention is based on the object of
specifying a method which makes it possible for a user to
obtain a particularly large amount of information with

particularly little control effort.

According to the invention, this object is achieved by a method
having the features according to Patent Claim 1. Advantageous

refinements of the invention are specified in dependent claims.

The invention accordingly provides for at least three display
areas to be displayed, specifically a time-related display
area, a position-related display area and a rule-related
display area, wherein the time-related display area allows user
selection of the time interval which 1is intended to be
investigated for rule infringement of one or more predetermined
power quality rules, wherein the position-related display area
displays one or more predetermined installation sections which
are investigated for a rule infringement, and wherein the rule-

related display area displays one or more predetermined power
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quality rules for which the rule infringement investigation is
being carried out, and wherein, in the method, a user selection
of a time interval 1in the time-related display area 1is
detected, and wherein, in the method, after the user selection
of the time interval, the installation sections in which and
the power quality rules for which a rule infringement has
occurred in the selected time interval are determined, and the
respective 1installation sections and power quality rules
affected by a rule infringement are visually marked in the
position-related display area and the rule-related display

area.

One major advantage of the method according to the invention is
that the information is displayed correlated on a section and
rule basis, for example such that information about
installation sections and quality rules can be obtained simply
by varying the time reference, without additionally and
specifically also having to check for this information on a
section and rule basis. For example, this makes it possible to
visualize propagation of a rule infringement from one
installation section to the next, or to correlate rule
infringements between the power quality rules, simply by

selecting time intervals or by making changes on the time axis.

According to one preferred refinement of the method, after
displaying the installation sections in which a rule
infringement has occurred in the selected time interval, and
which power quality rules have been infringed, a user selection
is made possible by means of which one or more of the power
quality rules affected by a rule infringement can be selected,
wherein, after a wuser selection, the installation sections
affected by a rule infringement with respect to the selected
power quality rules are determined. In this refinement of the
method, the user can himself select the power quality rules, or
can select the number of power quality rules, in order to

define the extent to which the individual information items
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relating to the individual installation sections will be

compressed before being displayed.

According to another advantageous refinement of the method, it
is possible that, after displaying the installation sections in
which a rule infringement has occurred in the selected time
interval, and which power quality rules have been infringed, a
user selection is made possible by means of which one or more
of the installation sections affected by a rule infringement
can be selected, wherein, after a user selection, the power
quality rules which have been affected by a rule infringement
with respect to the selected installation sections are
determined. In this refinement of the method, the user can
himself select the installation sections or can select the
number of installation sections in order to define the extent
to which the individual information items should be compressed

before being displayed.

It is also possible that, after displaying the installation
sections in which a zrule infringement has occurred in the
selected time interval, and which power quality rules have been
infringed, a user selection is made possible by means of which
one or more of the installation sections affected by a rule
infringement and one or more of the power quality rules
affected by a rule infringement can be selected, wherein, after
a user selection, the selected power quality rules which have
been affected by a rule infringement with respect to the

selected installation sections are determined.

In addition, it is considered advantageous if the time profile
of a power quality value which represents a measure of the
power quality at the respective time within the time interval
is displayed in the time-related display area for the
respective user-selected time interval. Displaying a time
profile of a power quality value allows an operator to evaluate

the relationships particularly quickly.
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Preferably, all predetermined installation sections and all
predetermined power quality rules are taken into account for
determining the power quality value. Alternatively, only those
installation sections and power gquality rules which are
affected by a rule infringement within the user-selected time
interval are taken into account for determining the power
quality wvalue. Particularly preferably, all the installation
sections and all the selected power quality rules are taken
into account for determining the power quality wvalue when no

rule infringement is found within the time interval.

Furthermore, it is considered to be advantageous if, when a
user selection is made of one or more power quality rules for
determining and displaying the power quality value in the time-
related display area, only those selected power quality rules
and those installation sections are taken into account which
have been affected by a rule infringement within the time

interval and with respect to the selected power quality rules.

Accordingly, it is likewise considered to be advantageous if,
in the event of a user selection of one or more installation
sections for determining and displaying the power quality value
in the time-related display area, only the selected
installation sections and those power quality rules are taken
into account which have been affected by a rule infringement
within the time interval and within the selected installation

sections.

The optical marking of installation sections and/or power
quality rules is preferably carried out in traffic-light form,

by red or green traffic-light symbols.

The invention also relates to a display device having a screen
for wvisual display of the quality of power transmitted in a

power transmission installation, having a control device which
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is connected to the screen, and having an input device which is
connected to the control device and allows a user input of a
time interval and a user selection of one or more power quality
rules and/or a user selection of one or more installation
sections. According to the invention, the control device is
suitable for carrying out one of the methods described above.
By way of example, the control device may be formed by a data

processing installation.

Preferably, the control device 1is connected to a memory in
which the time profile of the rule-specific and section-
specific power quality wvalue is in each case stored for each
predetermined power quality rule and for each installation

section.

A computer program product which, after installation on a data
processing installation, programs the data processing
installation such that it can carry out one of the methods
described above, 1s also considered to be part of the

invention.

The invention will be explained in more detail in the following
text with reference to exemplary embodiments and in this case,

by way of example:

Figure 1 shows a first exemplary embodiment of a display
device according to the invention, on the basis
of which the method according to the invention

will also be explained, by way of example;

Figures 2 to 6 show various displays on a screen of the display
device as shown in Figure 1 during operation,

and
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Figure 7 shows a further exemplary embodiment of a
display on a different display device according

to the invention.

For the sake of clarity, the same reference signs are always

used for identical or comparable components in the figures.

Figure 1 shows a display device 10 which has a screen 20, an
input device 30, a memory 40 and a control device 50. The input
device 30 and the memory 40 are connected to the control device

50, which controls the screen 20.

The control device 50 controls the screen 20 such that the
latter displays at least three display areas 100, 110 and 120,
in order to vwvisually display the quality of power which 1is
transmitted in a power transmission installation, which is not

illustrated in any more detail.

The display area 100 1is a time-related display area which
allows a user selection of a time interval which is intended to
be dinvestigated for a rule infringement of one or more
predetermined power quality rules relating to one or more
position-related installation sections of the power
transmission installation. As can be seen, in the time-related
display area 100, the display of a power quality wvalue PQ is
plotted over the time axis, that is to say over the time t. As
can be seen, when the power quality value PQ is in the state
illustrated by way of example in Figure 1, a predetermined
maximum value PQmax is exceeded approximately at the times tO0
and tl.

In the position-related display areas 110, one or more
predetermined installation sections AAl, AA2, AA3, AA4 and AAn
of the power transmission installation is or are displayed for

which a rule infringement investigation 1is intended to be
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carried out with respect to the predetermined power quality

rules.

The display area 120 is a rule-related display area which
indicates the predetermined power quality rules ER1, ER2, ER3
and ERm for which the =rule infringement investigation 1is

intended to be carried out.

The display device 10 can now be used by the user, on the basis
of appropriate programming of the control device 50, which will

be described in more detail in the following text, as follows:

In a first control variant, the user has the capability to vary
the time window displayed in the time-related display area 100,
and, for example, to display other time intervals I2, I3 or I4
instead of the time interval Il. By way of example, the desired
time interval can be selected in this way by means of a
keyboard or a PC mouse, which may form components of the input

device 30.

The control device 50 is now designed such that, after a user
selection of the time interval - for example of the time
interval Il - the installation sections 1in which a rule
infringement has occurred, and which power quality rules have
been infringed, are determined. For example, 1if the user
specifies the time interval Il, the time profile of the power
quality wvalue PQ in the time-related display area 100 on the
screen 20 shows that two control infringements have occurred at
the times t0 and tl.

The control infringements are also displayed in the position-
related display area 110 and the rule-related display area 120:
it is therefore possible to see that the control device 50
visually marks those installation sections which are affected
by control infringements in the position-related display area

110, for example by means of binary-logic display elements 150,
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for example by a 0 or a 1, by black or white circles (as
illustrated in Figure 1) or by colored symbols, for example
traffic-light symbols. As can be seen in Figure 1, the two
installation sections AAl and AA2 are marked by black circles,

since they are affected by a rule infringement.

In a corresponding manner, the control device 50 controls the
screen 20 such that the power quality rules affected by the
rule infringement are also correspondingly marked. The
exemplary embodiment shown in Figure 1 1is based on the
assumption that the two rule infringements at the times t0 and
tl related to the two power quality rules ER1 and ER2, which

are correspondingly marked with black circles.

In the illustration shown in Figure 1, the user can now not yet
tell which of the two installation sections AAl or AA2 1is
responsible for the rule infringement at the time t0, and which
of the two installation sections AAl or AA2 is responsible for
the rule infringement at the time tl. In addition, he cannot
tell which of the two power quality rules ER1 or ERZ has been
infringed at the time t0, and which at the time tl.

In order to allow more detailed fault analysis to be carried
out, the user of the display device 10 now has the capability
to select one or more installation sections as well as one or
more power quality rules with the aid of selection elements
200, which are illustrated by way of example by hooks in Figure
1, in order to select these for the time-related display area

100 and for further analysis.

By way of example, Figure 2 is based on the assumption that the
user has subsequently used the selection element 200 in the
position-related display area 110 to select the installation
section AAl, for example by removing, for example clicking
away, the selection elements 200 for the installation section

AA2 in the display shown in Figure 1. The control device 50
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will now accordingly determine the power quality value PQ only
for the installation section AAl, and will display this in the
time-related display area 100.

As can be seen from Figure 2, the power quality wvalue PQ
exceeds the predetermined limit value PQmax only at the time
t0, and not, in contrast, at the time tl. The user is therefore
provided with the information that the rule infringement at the
time t0 was caused by the installation section AAl and
accordingly that the fault at the time tl, as illustrated in
Figure 1, must conversely be due to the installation section
AA?2. Furthermore, the control device 50 indicates in the rule-
related display area 120 that the quality rule ER1 and not the
quality rule ER2 has been infringed.

In order to verify the last-mentioned statement, the user can
also select the installation section AA2 instead of the
installation section AAl, thus resulting in the profile
illustrated in Figure 3 of the power quality value PQ in the
time-related display area 100. The display in the rule-related
display area 120 1is also changed as a result of the selection
of the installation section AA2: in the case of the user
selection of the installation section AA2 as shown in Figure 3,
the control device 50 marks only the power quality rule ER2,
since this had been infringed at the time tl1 in the
installation section AA2. In contrast, the power quality rule
ER1 is not marked.

Therefore, in summary, when a user selects one or more
installation sections in the position-related display area 110,
the control device 50 always automatically ensures that this
leads to an appropriate installation-related display of the
power quality value PQ in the time-related display area 100,
and to an appropriate installation-related display of the power
quality rules affected by an infringement in the rule-related

display area 120.
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_10_

Instead of a position-related selection, the wuser of the
display device 10 can also make a rule-related selection, for
example by selecting one of the infringed power quality rules
ER1 or ER2, starting from the state shown in Figure 1, in order
to obtain information about the time at which the respective
power quality rule was infringed, and which installation
section was responsible for this. Once again, this selection is
made by attaching (for example clicking on) or removing (for

example clicking away) the appropriate selection elements 200.

For example, if it is assumed that the user selects the power
quality rule ER1 using the selection element 200, then the
control device 50 appropriately updates the time-related
display area with the profile of the power quality value PQ,
and also appropriately updates the position-related display
area 110. The resultant image on the screen 20 would correspond
to the 1image shown 1in Figure 2. As <can be seen, the
installation section AAl is visually marked when the power
quality rule ER1 is selected and, in the time-related display
area 100, the profile of the power quality value PQ relates
solely to the power quality rule ER1. As can be seen in this
case as well, the power quality rule ER1 in the installation

section AAl was infringed at the time tO.

If the user of the display device 10, in contrast, uses the
input device 30 to select the power quality rule ER2 by means
of the selection element 200, then this once again results in
the image shown in Figure 3, because the control device 50 will
determine that the power quality rule ER2 was infringed in the
installation section AA2 at the time tl, and will appropriately
mark the installation section AA2, and carry out an update in
the time-related display area 100. In order in this case to
also signal that the power quality value PQ displayed in the
time-related display area 100 relates to the 1installation

section AA2, this 1is automatically identified by a further
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_11_

selection element 200, which is automatically determined and
displayed by the control device 50 as soon as the user has

selected the power quality rule ERZ2.

The user also has the capability to vary the time intervals
displayed in the time-related display area 100 in order, for
example, to display other time intervals, such as the time
intervals I2, I3 or I4, instead of the time interval Il as
shown in Figure 1. When the displayed time intervals in the
time-related display area 100 are changed, the position-related
display area 110 and the rule-related display area 120 are also
updated.

By way of example, if the user selects the time interval I2 as
shown in Figure 4, then neither an installation section nor a
power quality rule is marked in the position-related display
area 110 and in the rule-related display area 120, since no
power quality rule has Dbeen infringed in any of the

installation sections (cf. Figure 4).

If, in contrast, the user selects the time interval I3 (cf.
Figure 5), which relates to the time t0, then the installation
section AAl and the power quality rule ER1 are visually marked
by the control device 50, specifically because the power
quality rule ER1 has been infringed in the installation section

AAl in this time interval.

In a corresponding manner, the installation section AA2 and the
power quality rule ER2 are visually marked by the control
device 50 in the position-related display area 110 and in the
rule-related display area 120 when the user selects the time

interval I4 (cf. Figure 6).

The power quality wvalue PQ 1is therefore calculated as a
function of which installation sections and which power quality

rules are intended to be considered. In order to make it
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possible to calculate the power quality value, the respective
time profile of the rule-specific and section-specific power
quality value PQE(AA, ER) can be stored in the memory 40, for
example for each predetermined power quality rule ER1, ER2, ER3
and ERm and for each installation section AAl, AA2, AA3, AA4
and AAn.

By way of example, 1in order to calculate the power quality
value PQ displayed in the time-related display area 100, the
control device 50 will first of all determine which power
quality rules and which installation sections are to be
considered, and will in each case determine the rule-specific
and section-specific power quality values PQE(AA, ER) for each
time to be displayed of the installation sections to be
considered and of the power quality rules to be considered, and
will in each <case display the greatest rule-specific and
section-specific power quality wvalue PQE(AA, ER) as the

resultant power quality wvalue PQ. Therefore:

PO(t) = Max[PQE(AA,ER)] (t)

Figure 7 shows a further exemplary embodiment of a display on

the screen 20 based on Figure 1.
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Patentkrav

1. Fremgangsmade til visuel visning af kvaliteten af energi, der overfares pa
et energioverfarselsanlaeg, med en visningsindretning med en monitor (20) til
visuel visning af kvaliteten af energi, der overferes pa et energioverfagrselsan-
laeg, en styreindretning (50), der er forbundet med monitoren, og en indlaes-
ningsindretning (30), der er forbundet med styreindretningen, kendetegnet
ved, at

- der vises mindst tre visningsomrader (100, 110, 120), nemlig et tidsrelateret,
et stedrelateret og et regelrelateret visningsomrade,

- hvor det tidsrelaterede visningsomrade (100) muligger en udveelgelse af et
tidsinterval (11, 12, I3, 14) pa brugersiden, som skal unders@ges for et regelbrud
pa en eller flere pa forhand angivne energikvalitetsregler (ER1, ER2, ER3,
ERm),

- hvor det stedrelaterede visningsomrade (110) viser en eller flere pa forhand
angivne anlaegssektioner (AA1, AA2, AA3, AA4, AAn), som undersages for et
regelbrud, og

- hvor det regelrelaterede visningsomrade (120) viser de pa forhand angivne
energikvalitetsregler, for hvilke regelbrudundersagelsen foregar, og hvor der
ved fremgangsmaden med en styreindretning af visningsindretningen udferes
de felgende trin:

- at registrere en udveelgelse af et tidsinterval (11, 12, I3, 14) pa brugersiden i
det tidsrelaterede visningsomrade (100),

- at fastleegge, ved hvilke anlaegssektioner og for hvilke energikvalitetsregler i
det udvalgte tidsinterval der er sket et regelbrud; og

- optisk at markere de respektive anleegssektioner og energikvalitetsregler, der
er ramt af et regelbrud, i det stedrelaterede og det regelrelaterede visningsom-
rade.

2. Fremgangsmade ifglge krav 1,

kendetegnet ved, at

- der efter visningen af, ved hvilke anleegssektioner og for hvilke energikvali-
tetsregler i det udvalgte tidsinterval der er opstaet et regelbrud, muliggeres en
selektion pa brugersiden, med hvilken enkelte eller flere af de energikvalitets-
regler, der er ramt af et regelbrud, kan selekteres,
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2

- hvor det efter en selektion pa brugersiden fastlasgges hvilke anleegssektio-
ner, der er ramt af et regelbrud i forhold til de selekterede energikvalitetsregler.

3. Fremgangsmade ifelge krav 1 eller 2,

kendetegnet ved, at

- der i henhold til visningen af, ved hvilke anleegssektioner og for hvilke ener-
gikvalitetsregler i det udvalgte tidsinterval der er opstaet et regelbrud, mulig-
geres en selektion pa brugersiden, med hvilken der kan selekteres en eller
flere af de anleegssektioner, der er ramt af et regelbrud,

- hvor det efter en selektion pa brugersiden fastleegges hvilke energikvalitets-
regler, der er ramt af et regelbrud i forhold til de selekterede anleegssektioner.

4. Fremgangsmade ifaelge et af de foregaende krav,

kendetegnet ved, at

- der efter visningen af, ved hvilke anleegssektioner og for hvilke energikvali-
tetsregler i det udvalgte tidsinterval der er opstaet et regelbrud, muliggeres en
selektion pa brugersiden, med hvilken der kan selekteres en eller flere af de
anlaegssektioner, der er ramt af et regelbrud, og en eller flere af de energikva-
litetsregler, der er ramt af et regelbrud,

- hvor det efter en selektion pa brugersiden fastlaegges hvilke selekterede
energikvalitetsregler, der er ramt af et regelbrud i forhold til de selekterede
anleegssektioner.

5. Fremgangsmade ifglge et af de foregaende krav,

kendetegnet ved, at,

i det tidsrelaterede visningsomrade for det respektive udvalgte tidsinterval pa
brugersiden, det tidsmeessige forlab af en energikvalitetsvaerdi vises, som er
en malestok for energikvaliteten pa det pageeldende tidspunkt inden for tidsin-
tervallet.

6. Fremgangsmade ifglge krav 5,

kendetegnet ved, at

der til fastlaeggelsen af energikvalitetsveerdien hejde for alle pa forhand an-
givne anlaegssektioner og alle pa forhand angivne energikvalitetsregler.
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7. Fremgangsmade ifglge krav 6,

kendetegnet ved, at

der til fastleeggelsen af energikvalitetsvaerdien udelukkende tages hgjde for de
anleegssektioner og energikvalitetsregler, som er ramt af et regelbrud inden for
det tidsinterval, der er udvalgt af brugeren.

8. Fremgangsmade ifalge krav 7,

kendetegnet ved, at

der til fastleeggelsen af energikvalitetsvaerdien tages hgjde for alle anleegssek-
tioner og alle udvalgte energikvalitetsregler, nar der ikke konstateres noget re-
gelbrud inden for tidsintervallet.

9. Fremgangsmade ifglge et af kravene 5-8,

kendetegnet ved, at

der i tilfeelde af en selektion pa brugersiden af enkelte eller flere energikvali-
tetsregler til fastleeggelsen og visningen af energikvalitetsvaerdien i det tidsre-
laterede visningsomrade udelukkende tages hejde for de selekterede energi-
kvalitetsregler og de anlagssektioner, som inden for tidsintervallet og i forhold
til de selekterede energikvalitetsregler er ramt af et regelbrud.

10. Fremgangsmade ifglge et af kravene 5-9,

kendetegnet ved, at

der i tilfeelde af en selektion pa brugersiden af enkelte eller flere anleegssekti-
oner til fastlaeggelsen og visningen af energikvalitetsvaerdien i det tidsrelate-
rede visningsomrade udelukkende tages hejde for de selekterede anleegssek-
tioner og de energikvalitetsregler, som inden for tidsintervallet og inden for de
selekterede anleegssektioner er ramt af et regelbrud.

11. Fremgangsmade ifelge et af de foregadende krav, kendetegnet ved, at
den optiske markering sker i lyssignalform ved hjeelp af rede og grenne lyssig-
nalsymboler.
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