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(54) Configuration management

(57) An arrangement of configuration an intelligent
electronic device of an electric power system, comprising
means for establishing (332) a configuration session for
configuration of an intelligent electronic device (320) and
means for performing (332) at least one configuration

action on the intelligent electronic device (320). The ar-
rangement further comprises means for creating (338) a
change record associated with the configuration action
of the configuration session, and means for storing (344)
the change record to enable future utilization of informa-
tion contained in the change record.
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Description

FIELD

[0001] The invention relates to configuration manage-
ment of intelligent electronic devices (IED) within an elec-
tric power system.

BACKGROUND

[0002] Electric power systems are complex systems
having a distributed structure. The possibility to configure
the system remotely is thus a necessity. The mere pos-
sibility for remote control is often, however, not enough
but configurations need to be performed by plurality of
people using the same or different configuration termi-
nals, and from different physical locations. In addition to
the remote control, also the possibility for local configu-
ration of devices needs to be provided.
[0003] Due to the various ways of configuration of the
devices, management of the configurations in the net-
work are difficult to handle. It is also difficult to achieve
a complete view of the change history of a certain device,
let alone the management of the history of the device
configuration.

BRIEF DESCRIPTION

[0004] An object of the present invention is thus to pro-
vide a method and an apparatus so as to alleviate the
above disadvantages. The objects of the invention are
achieved by a method and an arrangement, which are
characterized by what is stated in the independent
claims. The preferred embodiments of the invention are
disclosed in the dependent claims.
[0005] An advantage of the invention is that it is easier
to achieve a proper overview of the configuration history
of the network and a certain device.

DRAWINGS

[0006] In the following, the invention will be described
in greater detail by means of preferred embodiments with
reference to the attached drawings, in which

Figure 1 shows an embodiment of a configuration
environment;
Figure 2 shows another embodiment of a configura-
tion environment;
Figure 3 shows an embodiment of configuration soft-
ware;
Figure 4 shows an embodiment of a method; and
Figure 5 shows another embodiment of a method.

DESCRIPTION OF SOME EMBODIMENTS

[0007] The following embodiments relate to configura-
tion of intelligent electronic devices (IED). An IED can be

defined as a device used in electric power industry and
including microprocessor-based controllers of power
system equipment, such as circuit breakers, transform-
ers, and capacitor banks. Figure 1 shows one embodi-
ment of a configuration environment. In the figure, there
is provided a configuration apparatus 110, which is con-
nected to an IED 120 via a communication link. The con-
figuration apparatus 110 may be a stationary computer,
a laptop or a mobile device, for instance. The communi-
cation link may comprise an Ethernet and/or a dedicated
data connection and/or Internet connection and/or a mo-
bile communication link, for instance. In the embodiment
of Figure 1, two users, U1 (100) and U2 (102), use the
same configuration terminal for configuration of the IED
120.
[0008] In a first use case, we may assume that U1 con-
figures the IED. Configuration of the IED may comprise
changing one or more operating parameters of the IED.
Configuration, however, refers to changing a limited
number of operating parameters as opposed to reloading
a default setting (all parameter values) of an IED, for in-
stance. Upon the configuration session, one or more
change records are created. It is possible to create sep-
arate change records for every change carried out by U1.
Alternatively to several change records, a single change
record can be created from the configuration session.
[0009] The change record may contain an identifier of
the configuration session. Such a record may include var-
ious pieces of information. The record may contain infor-
mation to identify the user/executor which is U1 in this
case. In addition, the record may contain information on
the device used in the configuration, that is the computer
110 may be identified. As part of the change record, the
date and/or time of the configuration session may be re-
corded.
[0010] The configuration record(s) is/are stored in a
database 114. The database may be locally provided on
the computer 110 or the computer may connect to the
database 114 via a communication network.
[0011] Storage of the change records enables future
utilization of the information contained in the change
records. Future utilization may refer to a functionality
such as browsing of a full list of change records, browsing
a delta list between two moments of time, undoing one
or more selected changes, and rolling the configuration
of the IED back to a certain moment in time.
[0012] In a second use case, user 2, U2, uses the same
computer 110 to configure the same IED 120. The con-
figuration session may start with reading the current con-
figuration of the IED 120 from the IED. User 2 may notice
something interesting in the device configuration and
may then wish to see the change history of the IED 120.
For this purpose, the computer 110 reads the change
history of the IED from the database 114. As a result, the
computer shows on its display the change history as a
list, where each change is provided as a separate record.
[0013] User 2 may wish to compare the current settings
of the IED with earlier settings of the IED and possibly
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undo one or more changes previously performed on the
IED. To undo a single change, the user may select a
single record from the list, and select an undo function
provided on the computer 110. As a result, a computer
program provided on the computer 110 instructs to
change the configuration parameter to a value it had be-
fore the change had took place. The undoing operation
results in a new change record being created to the da-
tabase.
[0014] Alternatively, U2 may wish to return the IED 120
to a certain state back in time. This may be the case if
an error has been encountered in the electric power net-
work and the state of the network is to be returned to a
previous functioning state. In this mode, all the changes
that have occurred after the desired point in time are
rolled back, that is undone. Corresponding change
records of the undone changes may be created in the
database 114.
[0015] Figure 2 shows another embodiment of the con-
figuration environment. In this case, each of the users
200, 202 uses their own respective configuration appa-
ratuses 210, 212. Each device 210, 212 uses their re-
spective connections 216, 218 to configure the IED 220.
Each of the computers is also connected to respective
databases 214A, 214B. The databases may be separate
from the computers 210, 212 or, alternatively, it may re-
side locally at the computers.
[0016] As each of the computers has a database, 214A
and 214B of its own, each computer has its own view of
the configuration of the IED 220. If U2 starts a configu-
ration session, it may first read the configuration of the
IED 220 via the link 218. If it notices a mismatch between
the configuration stored locally in the database 214B and
the configuration read from the device 220, the computer
212 may start a synchronizing session of the databases
214A and 214B. As a result, the database 214B is up-
dated with the latest change history of the IED from the
database 214A, and vice versa.
[0017] Figures 1 and 2 show two embodiments of the
configuration arrangements. In a further embodiment, a
user configures the IED such that the user has no access
to any database for storing a change record of the con-
figuration operation. This may be the case in a situation
where the user uses a physical user interface (keyboard)
of the IED for performing the configuration. In another
embodiment, the user may connect a laptop to the IED
and perform the configuration operation by using config-
uration software running on the laptop. We may assume
here that the laptop stores no change record of the con-
figuration, which may be the case if the laptop uses a
web interface to configuration the IED.
[0018] In these cases, the IED may store a change
record locally in a nonvolatile memory of the IED. This
data record may include one or more items of a group of
items including a unique session identifier, identification
information on the user/configuration device, the time/
date of the configuration, and the configuration actions
carried out during the configuration session. Subse-

quently, a configuration device may read the configura-
tion record from the IED and store it in a central database
accessible to multiple users. When the record(s) have
been read from the IED, the record(s) may be erased
from the memory of the IED.
[0019] In a still further embodiment, the IED is config-
ured by using a web interface. In this case, the web in-
terface may offer an import/export functionality to read
change records from, and write change records to a re-
mote database.
[0020] Figure 3 shows an embodiment of configuration
software stored on a configuration terminal. The figure
shows some possible software modules and interfaces
between those. It is clear that the division into software
modules needs not to be the one shown but there may
be implementation-dependent alternatives. It is also
clear that the software modules may connect with each
other in a plurality of ways, of which only some are shown
for illustrative purposes.
[0021] The configuration software comprises a user in-
terface module 330 for providing a user interface towards
the user. The user interface may provide the user with a
selection of functions, such as "configuration of an IED"
332 and "browse change history of an IED" 336.
[0022] A CONF_IED 332 module may practically co-
ordinate the actions needed to carry out the configuration
of the IED. Data transfer between the configuration soft-
ware and the IED 320 may be implemented by using an
IED_IF 334 module. The CONF_IED 332 module may
first receive logon information from a USER 300 via the
module 330, and use this information to log into the IED
320 via the module 334. During the configuration, instruc-
tions given by the user 300 are delivered to the IED, and
possible confirmation messages from the IED are deliv-
ered back along the same route.
[0023] A CREATE_RECORD module 338 provides
functions that are needed to a store a change record of
the configuration session. A DATE_TIME module 340
provides date and/or time information to be used in the
change record. A DB_IF module provides the software
functionality/interfaces needed to operate towards a da-
tabase DB 312.
[0024] The configuration software may also comprise
a BROWSE_HIST module 336 for browsing the change
history of the IED 320. When requested by the user 300,
the module 336 may provide a complete history listing of
the changes carried out on the IED 320. In an embodi-
ment, the history listing may comprise a delta listing. The
delta listing compares, in time, two configuration states.
The delta listing may show all parameter values that are
different from each other at two moments.
[0025] Relating to this functionally, an UNDO module
346 may be provided to undo one or more changes/con-
figurations that have been previously performed on the
IED. The UNDO module is capable of undoing a single
configuration, a plurality of configurations, or to return
the configuration of the IED back in time to a moment of
time given by the user 300. The UNDO module 346 may
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be connected to the CREATE_RECORD module to cre-
ate change records of the configurations that are undone.
Alternatively, the undone configurations may be removed
from the change history of the IED.
[0026] Additionally there may be provided a SW_IF
342 module, which may be applied to synchronize the
database 312 with another database 350.
[0027] The software functionality of Figure 3 may be
provided on a computer comprising a processor and a
memory. The software functionality may be stored in/
loaded to the memory, and instructions provided by the
software may be executed by the processor. To provide
a user interface, common computer devices, such as a
display, a keyboard and a mouse may be provided.
[0028] Figure 4 shows an embodiment of a method.
This embodiment is associated with a use case similar
to that of Figure 1, where user 1 (U1) and user 2 (U2)
both work on the same configuration terminal (C1). A
computer program (P1) is operating on the configuration
terminal (C1), and both users use the same computer
program/software. As further nodes, Figure 4 shows a
database (DB) and an intelligent electronic device (IED)
to be configured.
[0029] At first, U1 starts (400) a configuration session
of an intelligent electronic device (IED) by using the pro-
gram P1. Usage of the program and/or configuration of
the IED is preferably password protected such that the
user can be identified and it can be verified that the user
is authorized to change the configuration settings of the
IED. In this context, the IED refers to an electrical com-
ponent of an electric power network. The IED may be a
protective relay, for instance. In addition to the protective
functionality, the protective relay may comprise a further
functionality, such as locking with other relays, collecting
information, and data transfer.
[0030] At the beginning of the configuration session,
when the program connects to the IED, the program may
first read (402) one or more change records that have
possibly been stored on the IED. That is, if the IED has
been configured locally using an MMI (Man Machine In-
terface) of the IED, the change record has been stored
locally on the IED. Another use case when the change
record may be stored locally is when the IED has been
configured via a web interface.
[0031] The configuration (404) of the IED means
changing one or more operating parameters of the intel-
ligent electronic device. In the case of a protective relay,
the operating parameter may be a tripping voltage, or the
operate time of the relay, for instance.
[0032] When the configuration parameters have been
set (406 config_ok), the configuration information is
saved (408) in a database (DB). The database may be
physically on the terminal C1, or may be accessible to
the terminal C1 via a communication network. The con-
figuration information comprises information on the per-
son carrying out the change, which in this example is U1.
Optionally also the terminal, in this case C1, may be iden-
tified.The configuration information also identifies the

IED that has been configured or whose configuration set-
tings have been changed.
[0033] The information preferably also saves the mo-
ment of the change, that is, the date and/or time infor-
mation.
[0034] Furthermore, the stored information includes in-
formation on the one or more changes that have been
carried out on the IED. The changes may be stored in
the database as separate change records such that is
possible to process each change separately. That is, a
user of the database may wish to undo a single change
in the database.
[0035] If the program P1 on C1 is not the only config-
uration environment for configuration of the IED, the
change record(s) may be transmitted to one or more other
configuration devices/databases. That is, at the end of
the configuration session of U1, the program P1 may
initiate a PUSH session (not shown in Fig. 4) to push the
change record(s) created to possible other devices. Thus
the separate devices are kept synchronized about the
changes performed on the IED.
[0036] In Figure 4, following the configuration per-
formed by user 1, user 2 also carries out configuration
of the IED. The procedure is similar to the configuration
carried out by user 1, that is, the user starts (410) the
configuration software P1 at C1, performs (412) the con-
figurations and, when the configurations have been com-
pleted (414), a configuration record is stored (416) in the
database.
[0037] At the end of Figure 4, the database now in-
cludes one or more records created by user 1, and one
or more records created by user 2.
[0038] The database stores all the changes carried out
on the IED during its lifecycle. The database thus includes
a full change history of the IED, identifying who has
changed what, when, and wherefrom.
[0039] Similarly to the configuration session performed
by U1, pushing of the change record created by U2 can
be started.
[0040] Alternatively, the change records created on a
program may be pushed to an external database period-
ically, such as daily, for instance.
[0041] Figure 5 shows another use case. In this use
case, the two users U1 and U2 use different, physically
separated configuration devices C1 and C2 correspond-
ing to the situation in Figure 2. Each of the devices in-
cludes respective configuration software P1 and P2, and
databases DB1, DB2.
[0042] At the start (500) of the configuration session,
when U1 has logged in to change the configuration set-
tings of the IED, the IED is locked such that no other user
may log in and configure the IED at the same time as U1.
[0043] When other users have been prevented from
configuring the IED, the configuration software P1 may
check (502) whether the IED has locally stored change
records. If such records exist, they are read/retrieved
from the IED and stored in the database DB1. Then, user
1 (U1) carries out (504) configuration of the IED in a man-
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ner similar to that in Figure 4. After successful configu-
ration (506), the configuration record(s) is/are also stored
(508) in the database DB1.
[0044] In an embodiment, when U1 is about to finish
the configuration session, the database DB1 may be syn-
chronised (510) with possibly existing other databases.
Figure 5 illustrates one such other database, DB2. The
synchronisation may be carried out such that the change
records stored in DB1, which are created by U1 and/or
those read from the IED, are pushed to DB2. Alternative-
ly, P1 may inform P2 that DB1 contains new records
which may be read by P2/DB2 at the earliest conven-
ience.
[0045] Subsequently, user 2 (U2) starts (512, 514) a
browsing session. In the browsing session, U2 may
browse the changes which have been made to the IED
during its life cycle.
[0046] If U2 wants to undo a change, U2 may select a
certain record, and cause (516) the configuration therein
to be undone. When undoing the change, the configura-
tion software may read the previous value of the config-
uration parameter, which is also stored in the data record
in the database, and set the value of the parameter to
the previous value.
[0047] Instead of changing the value of one parameter,
the values of a plurality of parameters may be changed
at the same time.
[0048] In an embodiment, a rollback configuration of
the IED is applied, which is shown in Figure 5. This means
that the status of the IED is rolled back to a certain state
back in time. When rolling back the status of the IED to
a previous state, all the changes from the most recent to
the oldest until reaching the desired point in time are ap-
plied one by one to the IED.
[0049] When the desired changes have been done
(518) on the IED, corresponding change records are
stored (520) in the database DB2.
[0050] At the end of the configuration session of U2,
the databases DB1 and DB2 may again be synchronised
(522). In an alternative embodiment, the databases are
not synchronised every time changes are made, but pe-
riodically. The purpose of the synchronisation is that the
databases have substantially the same view of the situ-
ation of the configuration of the IED, and more generally,
of the whole electric power network including a plurality
of IED’s.
[0051] Figure 5 shows one possible configuration ar-
rangement where separate databases exist on configu-
ration terminals C1 and C2. Other alternatives exist.
There may exist a single database, which may be located
on one of the computers C1 or C2. Alternatively, the da-
tabase may be located on some other computer in a net-
work accessible to the computers.
[0052] Alternatively to periodic synchronisation, the
databases may be synchronised whenever a change is
made to information contained in the database. That is,
a change carried out to the data in the database may
trigger a push operation for pushing the information to

other database(s).
[0053] In a further embodiment, the IED may be con-
figured locally. The local configuration here refers to con-
figuration of the IED using a local user interface of the
IED. To start the configuration of the device, the user
preferably identifies himself/herself to the IED. In an em-
bodiment, the configuration of the IED may be password
protected. Local configuration may also be applied by
coupling a laptop using a web interface to the IED, for
instance.
[0054] In the case of local configuration, the change
record is stored temporarily in the IED. The IED thus
stores identification of the configurator/user, the time of
the configuration session, and what has been carried out
in the configuration session. This locally stored informa-
tion may then be read to a project or a configuration soft-
ware when next time connecting to the IED. This embod-
iment relates to previous embodiments such that config-
uration software, such as P1/C1 in Figure 4, for instance,
may during its own configuration session read the locally
stored one or more data records and place it/them time-
wise to correct positions in the database.
[0055] In a further embodiment, the IED may be con-
figured by using a web-interface. The configuration op-
eration is similar to that explained in the previous figures.
At the end of the configuration process, the change
record may be exported to a database storing all the
change records, or the change record may be stored on
the IED.
[0056] It will be obvious to a person skilled in the art
that, as technology advances, the inventive concept can
be implemented in various ways. The invention and its
embodiments are not limited to the examples described
above but may vary within the scope of the claims.

Claims

1. An arrangement of configuration an intelligent elec-
tronic device of an electric power system, comprising
means for establishing (332) a configuration session
for configuration of an intelligent electronic device
(320);
means for performing (332) at least one configura-
tion action on the intelligent electronic device (320),
characterized in that the arrangement comprises:

means for creating (338) a change record asso-
ciated with the configuration action of the con-
figuration session; and
means for storing (344) the change record to
enable future utilization of information contained
in the change record.

2. An arrangement according to claim 1, character-
ized in that the change record comprises at least
one element of a set of elements, comprising: a ses-
sion identifier uniquely identifying the configuration
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session from other configuration sessions, an iden-
tifier of the intelligent electronic device (320), infor-
mation of the executor of the configuration session,
date and/or time of the configuration session, and
information on one or more configuration actions of
the configuration session.

3. An arrangement according to claim 1, character-
ized in that the arrangement comprises:

means for reading (344), a change list compris-
ing a plurality of change records representing
configuration actions carried out on the intelli-
gent electronic device (320);
means for receiving (330), as an input from a
user (300), a selection of one or more configu-
ration actions from the change list the user wish-
es to undo; and
means for configuring (346) the intelligent elec-
tronic device such that one or more configuration
actions selected from the change list are un-
done.

4. An arrangement according to claim 1, character-
ized in that the arrangement comprises:

means for reading (312) a change list compris-
ing a plurality of change records representing
configuration actions carried out on the intelli-
gent electronic device;
means for receiving (300), as an input from a
user, a moment of time, which configuration set-
tings the user wishes to return the configuration
of the electronic intelligent device (320); and
means for configuring (346) the intelligent elec-
tronic device (320) such that all the configuration
actions that have been performed on the intelli-
gent electronic device (320) after the moment
of time received from the user (300) are undone.

5. An arrangement according to claim 1, character-
ized in that the arrangement comprises:

means for storing change records created on
different configuration terminals (210, 212) in
separate databases (214A, 214B); and
means for synchronising the change records of
the separate databases (214A, 214B) by ex-
changing one or more change records there be-
tween.

6. An arrangement according to claim 1, character-
ized in that the arrangement comprises:

means for storing the change record temporarily
locally on the intelligent electronic device (320);
providing the stored change record to a remote
configuration terminal in connection with a next

configuration session performed on the intelli-
gent electronic device (320); and
deleting the temporarily stored change record
from the intelligent electronic device (320) when
the stored change record has been provided to
the remote configuration device.

7. An arrangement according to claim 6, character-
ized in that the change record is stored on the in-
telligent electronic device (320) if the configuration
session is performed locally on the intelligent elec-
tronic device (320) by using a physical configuration
interface of the electronic device (320) or by a con-
figuration terminal not storing the change record.

8. A method of configuration an intelligent electronic
device of an electric power system, comprising:

establishing (400) a configuration session for
configuration of an intelligent electronic device;
performing (404) at least one configuration ac-
tion on the intelligent electronic device, charac-
terized by
creating a change record associated with the
configuration action of the configuration ses-
sion; and
storing (408) the change record to enable future
utilization of information contained in the change
record.

9. A method according to claim 8, characterized in
that the change record comprises at least one ele-
ment of a set of elements, comprising: a session
identifier uniquely identifying the configuration ses-
sion from other configuration sessions, an identifier
of the intelligent electronic device, information on the
executor of the configuration session, time of the
configuration session, and information of one or
more configuration actions on the configuration ses-
sion.

10. A method according to claim 8, characterized in
that the method comprises:

reading (514), in a configuration terminal, a
change list comprising a plurality of change
records representing configuration actions car-
ried out on the intelligent electronic device;
receiving, as an input from a user, a selection
of one or more configuration actions from the
change list the user wishes to undo; and
configuring (516) the intelligent electronic de-
vice such that one or more configuration actions
selected from the change list are undone.

11. A method according to claim 8, characterized in
that the method comprises:
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reading (514), in a configuration terminal, a
change list comprising a plurality of change
records representing configuration actions car-
ried out on the intelligent electronic device;
receiving, as an input from a user, a moment of
time, which configuration settings the user wish-
es to return the configuration of the electronic
intelligent device;
undoing (516) the configuration actions that
have been performed on the intelligent electron-
ic device after the moment of time received from
the user.

12. A method according to claim 8, characterized in
that the method comprises:

storing (508, 520) change records created on
different configuration terminals in separate da-
tabases;
synchronising (510, 522) the change records of
the separate databases by exchanging one or
more change records there between.

13. A method according to claim 8, characterized in
that the method comprises:

storing the change record temporarily locally on
the intelligent electronic device (320);
providing the stored change record to a remote
configuration terminal in connection with a next
configuration session performed on the intelli-
gent electronic device (320); and
deleting the temporarily stored change record
from the intelligent electronic device (320) when
the stored change record has been provided to
the remote configuration device.

14. A method according to claim 13, characterized in
that the change record is stored on the intelligent
electronic device (320) if the configuration session
is performed locally on the intelligent electronic de-
vice by using a physical configuration interface of
the electronic device or by a configuration terminal
not storing the change record.

15. A computer program product encoding a computer
program of instructions for executing a computer
process according to a method of any preceding
claim 8 to 14 when run on a computer.
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