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(57) Abstract: The present invention relates to a device and
a method for calculating stability and predicting an error of a
power system network, the device comprising: a standard ob-
ject information reception unit for receiving standard object
information provided by a power system network; a connec-
tion state stability calculation unit for calculating connection
state stability (Sque) using the standard object information; a
connection time stability calculation unit for calculating con-
nection time stability (Sume) using the standard object inform-
ation; a network connection stability calculation unit for cal-
culating a final network connection stability using the net-
work connection state stability (Ssae) and the connection
time stability (Sime); and an error prediction information dis-
play unit for displaying error prediction information includ-
ing at least one of network path information, a network state
value, the final network connection stability, the connection
state stability (Squee), and the connection time stability (Sime).
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DEVICE AND METHOD FOR CALCULATING STABILITY AND PREDICTING
ERROR OF POWER SYSTEM NETWORK

Technical Field

The present invention relates to a device and method for calculating stability

5 of a power system network and predicting an error thereof, and more particularly, to

a device and method for calculating stability of a power system network and

predicting an error thereof, which are capable of calculating stability of the power

system network in a formula on the basis of standard object information and
predicting an error thereof using the stability.

10  Background Art

Recently, when key operation information of a substation cannot be
exchanged in a power system due to a nctwork problem, an operator’s manipulation
and determination of an automated device may be interrupted and thus large-scale
economic and social damages such as a power failure accident may occur.

15 Thus, the International Electro-technical Commission (IEC) prescribed a
standard (JEC TS(Technical Specification) 62351-7, edition 1.0, “Power systems
management and associated information exchange — Data and communications
security — Part 7; Network and System Management (NSM) data object models”,
IEC Standard Committee, 2017-07, IEC standard repository) for network and system

20 management (NSM) information specialized for power systems and provided it to
global utilities, thereby contributing to stable operation of power systems.

The NSM information according to the above standard is different from a
general IT environment in that a main path and alternative paths of a network, data

type, etc. are defined beforehand according to a specific pattern so that an alarm may
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be generated when a network path or data which does not match the specific pattern

OCCUrs.

According to the standard (IEC62351-7) for the NSM information specialized

for power systems, an object for connection and maintenance of a network is defined

5 asin Table | below.

Table 1
Name of information
Classification Type Description
(object)
umber of times to retry to connect to|
ConnRtryCnt Integer network to change state from temporary|
error state to permanent error state
Time interval between retries of]
ConnRtryTmms Time
Configuration connection in temporary error state
value umber of times to retry to connect in|
ConnFailRtryCnt | Integer
permanent error state
Time interval between retries of
ConnFailRtryTmms | Time
connection in permanent error state
NetAltPth OI ArrayList of alternative paths to main path
RsTmms Time [Total time period after reset
ConnTotTmms Time (Total connection time after reset
. urrent-connection-state  maintenance
Operational | ¢onnCurTmms Time
time after connection to network
value
ConnAvTmms Time |Average connection time
. Count .
ConnFailTot Number of errors occurring in normal
2

CA 2950737 2019-01-10



Name of information
Classification Type Description
(object)

connections state

Number of times to reject trying to

ConnRej Integer
connect
AltPthSt Status States of alternative paths to main path
ConnAlm Alarm |Alarm for temporary connection error
Alarm ConnFailAlm Alarm Alarm for permanent connection error
ConnFlovAlm Alarm |Alarm for alternative connection

In Table 1 above, the ‘configuration value’ represents values designated
beforehand for network maintenance, the ‘operational value’ represents state values
generated during actual operation of the network, and the ‘alarm’ represents

5  important information to be delivered to an operator.

However, information which an operator can intuitively know among the
information shown in Table 1 above (standard object information) is only
information indicating whether an alarm is generated or not. The information
shown in Table 1 above does not include information enabling the operator to

10  determine current stability of a network. That is, only a major problem or an error
of the network is reported to the operator and information enabling the operator to
predict the problem or error beforehand is not provided to the operator.

For example, the scale of an electric power accident may vary according to an
operator’s initial response thereto as known in previous electric power accident cases

15  (e.g., the California electricity crisis, the South Korea 915 rolling blackout, etc.).

That is, the scale of the electric power accident is significantly influenced by a

CA 2950737 2018-02-23



response time of several seconds to several tens of seconds at an initial stage thereof.
Thus, if information enabling the operator to predict the electric power accident is
provided to the operator before an alarm is generated, the scale of this accident may
be dramatically reduced.

5 However, information directly delivered to an operator among the NSM
information according to the standard prescribed by the IEC is only alarm
information (i.e., an alarm regarding a network error result), and information
enabling the operator to predict a risk of an electric power accident is not provided.
Accordingly, the operator cannot notice a state of a network before a network error

10  occurs and thus cannot respond to prevent occurrence and expansion of an accident
before the network error occurs (or before an alarm is generated).
The prior art is disclosed in Korean Patent No. 10-0728823, entitled “System
and Method for Estimating an Voltage Stability of Power System” (registered on
June 8, 2007).
15  Disclosure
Technical Problem
In order to solve the above problem, the present invention is directed to a
device and method for calculating stability of a power system network in a formula
on the basis of standard object information and predicting an error thereof using the
20  stability.
Technical Solution
One aspect of the present invention provides a device for calculating stability
of a power system network and predicting an error thereof, the device including a
standard object information reception unit configured to receive standard object

25 information from a power system network; a connection state stability calculation

CA 2950737 2018-02-23
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unit configured to calculate connection state stability Sy.. representing whether a
network connection state is stable on the basis of the standard object information; a
connection time stability calculation unit configured to calculate connection time
stability Sy, representing whether a network connection time is stably maintained on
the basis of the standard object information; a network connection stability
calculation unit configured to calculate final network connection stability using the
network connection state stability Sqqe and the connection time stability Syime; and an
error prediction information display unit configured to display error prediction
information. The standard object information includes at least one of: a number of
times to retry to connect to the network ConnRiryCnt until a state is changed from a
temporary error state to a permanent error state; a number of times to retry to connect
to the network ConnFailRtryCnt in the permanent error state; a number of times to
reject trying to connect to the network ConnRej; a list of alternative paths to a main
path NetAltPth; states of the alternative paths to the main path AltPthSt; and an
available valid path availablePath. The standard object information includes at
least one of: an average connection time ConnAvTmms; and a current-connection-
state maintenance time ConnCurTmms after connection to the network. The error
prediction information may include at least one of: the final network connection
stability; the connection state stability Syae; the connection time stability Syu.; and
network path information and values of states of the network.

In the present invention, the error prediction information display unit may
classify and display the final network connection stability in stages including at least
one among state changing, a danger, an alarm, and safety, wherein the stages may be

displayed using different colors.



10

15

20

25

CA 02950737 2016-11-29

In the present invention, the error prediction information display unit may
include a route display unit configured to display whether a network connection path
is a main path or an alternative path; a network state value display unit configured to
display a current state of the network; a final stability display unit configured to
display the final network connection stability calculated by assigning weights to the
connection state stability Sgwe and the connection time stability Sy,.; a connection
state stability display unit configured to display a result of calculating the connection
state stability; and a connection time stability display unit configured to display a
result of calculating the connection time stability.

In the present invention, the values of the states of the network may include
one of: a value of a state representing a start operation of starting connection to the
network; a value of a state representing a connection try operation of repeatedly
trying connection to the network until connection to the network succeeds; a value of
a state representing a connection operation in which connection to the network is
made normally and information is exchanged; a value of a state representing a
temporary error operation in which a temporary network connection error occurs; a
value of a state representing a permanent error operation in which a permanent
network connection error occurs; a value of a state representing an alternative
connection try operation of trying to connect to the network using an available
alternative path when connection to the network through a main path is difficult; a
value of a state representing an alternative-path connection operation of connecting
to the network through an alternative path rather than the main path; and a value of a
state representing an end operation of ending connection to the network.

In the present invention, the start operation may be changed to the connection

try operation when a predetermined time period elapses. The connection try
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operation may be changed to the connection operation when connection to the
network succeeds, be changed to the permanent error operation when a number-of-
times-to-retry-to-connect information value ConnRtryCnt until a state is changed
from the temporary error state to the permanent error state is equal to a number—o.f-
times-to-reject-trying-to-connect information value ConnRej, and be changed to the
alternative connection try operation when a number-of-times-to-retry-to-connect
information value ConnFailRtryCnt and the number-of-times-to-reject-trying-to-
connect information value ConnRej are equal to each other in the permanent error
state. 'The connection operation may be changed to the temporary error operation
when a temporary connection error generation alarm ComnAlm is generated, and be
changed to the end operation when data transmission is completed or connection to
the network is ended normally. The temporary error operation may be changed to
the connection try operation when a predetermined time period ConnRiryTmms
elapses. The permanent error operation may be changed to the connection try
operation when a predetermined time period ComnFailRtryTmms elapses. The
alternative connection try operation may be changed to the alternative-path
connection operation when there is an available alternative path AltPrhSi, and be
changed to the end operation when connection to the network is ended abnormally.
The alternative-path connection operation may be changed to the end operation when
connection to the network through an alternative path succeeds or connection to the
network is ended normally.

In the present invention, the network connection stability calculation unit may
calculate the final network connection stability S by adding a product of the
connection state stability Sy, and a predetermined first weight and a product of the

connection time stability Syme and a predetermined second weight.
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In the present invention, the connection state stability calculation unit may
calculate the connection state stability Syae using a variation in an operational value
representing an unstable connection state and a total number of lines through which
the network is connectable using an alternative path, wherein the unstable connection
state may include the temporary error state or the permanent error state.

In the present invention, the connection time stability calculation unit may
calculate the connection time stability Sy,. from a current connection time versus an
average connection time.

Another aspect of the present invention provides a method of calculating
stability of a power system network and predicting an error thereof, the method
including receiving, by a standard object information reception unit, standard object
information from a network which is actually operated; calculating, by a connection
state stability calculation unit, connection state stability Sy representing whether a
network connection state is stable on the basis of the standard object information;
calculating, by a connection time stability calculation unit, connection time stability
Stume representing whether a network connection time is stably maintained on the
basis of the standard object information; calculating, by a network conncction
stability calculation unit, final network connection stability using the connection state
stability Sgae and the connection time stability Sye; and displaying, by an error
prediction information display unit, error prediction information. The standard
object information may include at least one of: a number of times to retry to connect
to the network ConnRtryCnt until a state is changed from a temporary error state to a
permanent error state; a number of times to retry to connect to the network
ConnFailRiryCnt in the permanent error state; a number of times to reject trying to

connect to the network ConnRej; a list of alternative paths to a main path NetAltPth;



states of the alternative paths to the main path 4/tPthSt; and an available valid path
availablePath. The standard object information may include at leaét one of: an
average connection time ConnAvImms; and a current-connection-state maintenance
time ConnCurTmms after connection to the network. The error prediction
5 information may include at least one of: the final network connection stability; the
connection state stability Sware; the connection time stability Srime; and network path
information and values of states of the network. |
In the present invention, the calculating of the connection state stability Ssare
may include, by the connection state stability calculation unit, calculating the
10  connection state stability Suae using a variation in an operational value representing
an unstable connection state and a total number of lines through which the network is
connectable using an alternative path, wherein the unstable connection state may
include the temporary error state or the permanent etror state.
In the present invention, the calculating of the connection time stability Sime
15 may include, by the connection time stability calculation unit, calculating the
connection time stability Sume from a current connection time versus an average
connection time.
In the present invention, the calculating of the final network connection
stability may include, by the network connection stability calculation unit,
20  calculating the final network connection stability by adding a product of the
connection state stability S«ar and a predetermined first weight and a product of the

connection time stability Syme and a predetermined second weight.
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Advantageous Effects

According to the present invention, stability of a power system network is
calculated in a formula on the basis of standard object information, and an error of
the power system network is predicted using the stability. Thus, an operator may

5 notice a state of a network before an error of the network occurs and may thus

quickly and exactly respond when the error accurs (or when an alarm is generated),
thereby preventing expansion of an accident.
Description of Drawings

FIG. 1 is a diagram schematically illustrating a structure of a device for

10  calculating stability of a power system network and predicting an error thereof,
according to an embodiment of the present invention.

FIG. 2 is a diagram illustrating a state change table showing a current state of
a network and a change in the state of the network, according to an embodiment of
the present invention.

15 FIG. 3 is a table showing an operation in each state included in the state
change table of FIG. 2, an example of a state to which each state may be changed,
and state change conditions.

FIG. 4 is a diagram illustrating a method of displaying error prediction
information related to the device of FIG. 1.

20 FIG. 5 is a diagram illustrating ranges of connection state stability and
connection time stability according to an embodiment of the present invention.

FIG. 6 is a flowchart of a method of calculating stability of a power system
network and predicting an error thereof, according to an embodiment of the present

invention.

10
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FIG. 7 is a table showing a method of calculating stability on the basis of a
method of calculating stability of a power system network and predicting an error
thereof, and a method of making a response according to the stability, according to
an embodiment of the present invention.

5  Best Mode for Carrying out the Invention

Hereinafter, a device and method for calculating stability of a power system
network and predicting an error thereof according to an embodiment of the present
invention will be described with reference to the accompanying drawings below.

In the drawings, the thicknesses of lines, the sizes of elements, etc. may be

10  exaggerated for clarity and convenience of explanation. The terms used here‘in are
defined in consideration of functions of the present invention and may be changed
according to a user or operator’s intentions or precedents. Thus, these terms should
be defined based on the whole context of the present invention.

Modes of the Invention

15 FIG. 1 is a diagram schematically illustrating a structure of a device for
calculating stability of a power system network and predicting an error thereof,
according to an embodiment of the present invention.

As illustrated in FIG. 1, a device for calculating stability of a power system
network and predicting an error thereof according to the present embodiment

20 includes a standard object information reception unit 110, a network connection
stability calculation unit 120, a connection state stability calculation unit 121, a
connection time stability calculation unit 122, an error prediction information display
unit 130, and a stability range set unit 140.

The standard objection information reception unit 110 receives information

25  (standard objection information) according to a standard (IEC62351-7) from a

predetermined specific power system network.
11

CA 2950737 2019-01-10
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The network connection stability calculation unit 120 calculates final network
connection stability using network connection state stability Sy.. and connection
time stability Syime.

In the present embodiment, interconnection is assigned to standard object
information shown in Table 1 above, and states and a state change table are defined
so that an operator of a power system can intuitively know a current network statc
{(see FIG. 2).

FIG. 2 is a diagram illustrating a state change table showing a current state of
a network and a change in the state of the network, according to an embodiment of
the present invention. FIG. 3 is a table showing an operation in each state included
in the state change table of FIG. 2, an example of a state to which each state may be
changed, and state change conditions. States of a network and a process of
changing the state of the network to another state will be described with reference to
FIGS. 2 and 3 below.

As illustrated in FIG. 2, a start operation S101 is an operation of starting
connection to a network, and is changed to a connection try operation S102 after a
predetermined time period elapses.

In the connection try operation S102, connection to the network is repeatedly
tried until the connection to the network succeeds, in which a connection failure
informati-on value (e.g., ConnRej) is increased by ‘1° whenever the connection to the
network fails. The connection try operation $S102 is changed to a connection (or
information exchange) operation S103 when the connection to the network succeeds,
is changed to a permanent error operation S105 when a number-of-times-to-retry-to-
connect information value ConnReryCnt until a state is changed from a temporary

error state to a pcrmancnt error state is equal to a number-of-times-to-reject-trying-

12
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to-connect information value ConnRej, and is changed to an alternative connection
try operation S106 when a number-of-times-to-retry-to-connect information value
ConnFailRtryCnt and the number-of-times-to-reject-trying-to-connect information
value ConnRej are equal to each other in the permanent error state.

In the connection (or information exchange) operation S103, connection to
the network is made normally and thus information is exchanged. The connection
(or information exchange) operation S103 is changed to a temporary error operation
S104 when a temporary connection error generation alarm Conndlm is generated,
and is changed to an end operation S108 when data transmission is completed or the
connection to the network is ended normally.

In the temporary error operation $104, a temporary network connection error
occurs. The temporary error operation S104 is changed to the connection try
operation S102 when a predetermined time period ConnRtryTmms elapses.

In the permanent error operation S105, a permanent network connection error
occurs. The permanent error operation S105 is changed to the connection try
operation S102 when a predetermined time period ConnFailRtryTmms elapses.

In the alternative connection try operation S106, connection to the network is
tried using an available alternative path when it is difficult to connect to the network
using a main path. The alternative connection try operation $106 is changed to an
alternative-path connection operation S107 when there is an accessible alternative
path A/tPthSt, and is changed to the end operation S108 when connection to the
network is ended abnormally.

In the alternative-path connection operation S107, the network is connected
using the alternative path rather than the main path. The alternative-path

connection operation S107 is changed to the end operation S108 when connection to

13
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the network using the alternative path succeeds or when connection to the network is
ended normally.

In the end operation S108, a current connection to the network is ended.

In this case, only the temporary connection error generation alarm ConnAlm
provided in the temporary error operation S104, an alarm ConnFaildlm provided in
the permanent error operation S105, and an alarm ConnFlovAlm provided in the
alternative-path ‘connection operation S107 are provided in the IEC standard
(IEC62351-7).

However, these alarms are aimed to simply inform an operator of a network
error result but are not information through which the operator may notice a state
(stability) of the network and deal with an accident beforechand. Thus, in the
present embodiment, network connection stability may be digitized and calculated so
that an operator may intuitively notice a current state and stability whenever the
network is connected.

The network connection stability may be divided largely into connection state
stability Sy and connection time stability S;y.. In the present embodiment, the
network connection stability calculation unit 120 calculates the final network
connection stability S by assigning weights to the connection state stability Sy.. and
the connection time stability Sime-

For example, the final network connection stability S=connection state
stability Ssmexweight (e.g., 80%)+connection time stability Sum.xweight (e.g., 20%).
Here, the ratio between the weights is variable.

If a proactive response manual is prepared according to the final network

connection stability § and an operator masters the proactive response manual to
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respond to ah accident according to the proactive response manual, expansion of the
accident may be effectively prevented.

FIG. 3 is a table showing definition of final network connection stability and
a response manual according to an embodiment of the present invention. As
illustrated in FIG. 3, when final network connection stability S is less than first
stability, e.g., 1.5, a network connection state is stable and thus an operator need not
make a response.

When the final network connection stability S is greater than or equal to the
first stability, e.g., 1.5, and is less than second stability, e.g., 2.5, a network
connection state is not in a range of normal state. Thus the operator may check
whether connection to a network is retried, check a state of an alternative path,
determine the importance of information from the alternative path, and inform a host
system of a danger caused when information is lost.

When the final network connection stability S is greater than or equal to the
second stability, e.g., 2.5, and is less than third stability, e.g., 3.5, a network
connection state is unstable. Thus, the operator should immediately respond for
alternative connection, monitor a list of alternative paths and states thereof, and
prepare another alternative path and equipment when connection to the network
using an alternative path fails.

When the final network connection stability S is greater than the third
stability, e.g., 3.5, a network connection state is difficult to be maintained. Thus,
the operator may deploy a network backup device and perform path changing. In
this case, a response manual according to the stability S is merely an example and is

variable.

15



The connection state stability calculation unit 121 calculates connection state
stability Ssare using the standard object information received by the standard object
information reception unit 110.

The connection state stability Seee is calculated from a variation in an

5  operational value representing an unstable connection state (e.g., a temporary error, a
permancnt crror, or the like) and a total number of lines through which the network
may be connected using an alternative path.

For example, when a connection error occurs, the connection state stability
decreases as a number of times to retry to connect to the network versus a

10  predetermined counter ConnRitryCnt or ConnFailRtryCnt for determining a change in
a network state increases. In contrast, the connection state stability increases as the
number of available alternative paths # of AltPthSt.availablePath+1 to a main path
increcases among the number of a list of alternative paths # of NetAltPth+1.

The connection state stability Ssure may be calculated by Equation 1 b.elow.

15  Equation 1

S m_ConnRtrndt+ConnFaiIRtrndt-ConnRej " # of AltPthSt-availablePath+1
et 237 ConnRiryCnt+ConnFailRtryCnt # of NetAltPth+

Here, ConnRtryCnt represents a number of times to retry to connect to the
network until a state is changed from the temporary error state to the permanent error
state, ConnFailRtryCnt represents a number of times to retry to connect fo the

20  network in the permanent error state, ConnRej represents a number of times to reject
trying to connect to the network, NetAltPth tepresents a list of alternative paths to a
main path, AltPthSt represents states of the alternative paths to the main path, and

availablePath represents an available valid path. Furthermore, # represents a total
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number, and +/ represents a random value to be added to prevent a result of an
arithmetic formula from being zero.

The connection time stability calculation unit 122 calculates connection time
stability Sume using the standard object information received by the standard object

5 information reception unit 110.

The connection time stability Ssime is calculated from a current-connection-
state maintenance time ConnCurImms versus an average connection time
ConnAvImms.

For example, when an error occurs in relation to the connection time stability

10 Sume and causes a frequent change between trying to connect to the network and a
connection state, a connection time increases and a number of times to retry to
connect to the network significantly increases. Thus, when connection to the
network is ended abnormally, a connection time decreases. Stability is highest
when the connection state stability Ssae is 100% or less and 100% or more, and

15  decreases as the connection state stability Syare increases to be more than 100% or
decreases to be less than 100% (see FIG. 5).

The connection time stability Sume may be calculated by Equation 2 below.

Equation 2
S, (%)= ConnCurTmms
f
e ConnAvImms
20 Here, ConnAvImms represents an average connection time, and

ConnCurTmms represents a current-connection-state maintenance time after

connection to the network.
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The error prediction information display unit 130 displays network
connection stability calculated by the network connection stability calculation unit
120 in stages (e.g., state changing, a danger, an alarm, safety, etc.) so that an operator
may intuitively determine the network connection stability (see FIG. 3).

FIG. 4 is a diagram illustrating a method of displaying error prediction
information related to the device of FIG. 1.

As illustrated in FIG. 4, when it is assumed that network stability between a
random host A and a host B is displayed, the error prediction information display
unit 130 includes a route display unit 131, a network state value display unit 132, a
final stability display unit 133, a connection state stability display unit 134, and a
connection time stability display unit 135.

The route display unit 131 displays whether a current network connection
path is a main path (primary path) P or an alternative path (second path) S. The
network state value display unit 132 displays a current state of a network (one of
eight states thereof) (see FIG. 2). The final stability display unit 133 displays final
network connection stability calculated by assigning weights to connection state
stability Sum. and connection time stability Sume.. The connection state stability
display unit 134 displays a result of calculating the connection state stability Seare.
The connection time stability display unit 135 calculates a result of calculating the
connection time stability Sype.

A method of referring to information displayed on the route display unit 131
will be described below.

For example, when a network path is displayed as the alternative path S on
the route display unit 131, it means that a problem has already occurred once or more.

Thus, an operator should carefully monitor a connection state. A state of the
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network is a most stable state when a value of the state of the network displayed on
the network state value display unit 132 represents the connection operation S103, is
a state in which an error occurs and which thus needs attention when the value of the
state represents the temporary error operation S104 or the permanent error operation
S105, and is a state in which connection to the network using the alternative path S
succeeds and which thus needs to be carefully monitored whether the state is
continuoﬁsly stably maintained when the value of the state represents the alternative-
path connection operation S107. The final stability display unit 133 may display
final network connection stability, and an operator’s response may be thus
additionally prepared and operated according to this stability.

Each of the display units 131 to 135 may classify stabilities according to
stages (e.g., state changing, a danger, an alarm, safety, etc.), determine specific
colors (e.g., red, yellow, white, green, etc.) to correspond to the stabilities, and
display the stabilities using the colors. That is, it is possible to help an operator’s
intuitive determination by assigning the colors to the stages.

The stability range set unit 140 determines ranges of the connection state
stability Sqae and the connection time stability Sine. Instability and final network
connection stability are calculated on the basis of the determined ranges.

FIG. 5 is a diagram illustrating ranges of connection state stability and
connection time stability according to an embodiment of the present invention. As
illustrated in FIG. 5, a range of connection state stability Sy is determined such that
0% to 25% represents a serious state, 25% to 50% represents a waring state, 50% to
75% represents a caution state, and 75% to 100% represents a normal state.

A range of connection time stability Sy is determined such that 0% to 25%

represents a serious state, 25% to 50% represents a warning state, 50% to 75%
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represents a caution state, 75% to 150% represents a normal state, 150% to 200%
represents a caution state, 200% to 400% represents a warning state, and 400% to
800% represents a serious state. In this case, the ranges of the connection state
stability Sy and the connection time stability S, are merely examples and are thus
variable.

FIG. 6 is a flowchart of a method of calculating stability of a power system
network and predicting an error thereof, according to an embodiment of the present
invention. FIG. 7 is a table showing a method of calculating stability on the basis
of a method of calculating stability of a power system network and predicting an
error thereof, and a method of making a response according to th_e stability,
according to an embodiment of the present invention.

A method of calculating stability of a network and predicting an error thereof
according to the present embodiment will be described with reference to FIGS. 6 and
7 below.

As illustrated in FIG. 6, the standard object information reception unit 110
receives standard object information as shown in the table of FIG. 7 during actual
operation of a network (S201). For convenience of explanation, it is assumed that
two types of standard object information (e.g., Examples 1 and 2) are received.

The connection state stability calculation unit 121 calculates connection state
stability using Equation 1 above on the basis of the standard object information
(8202).

For example, as illustrated in FIG. 7, connection state stability calculated
using the standard object information input as Example 1 is 75% and thus represents

a normal stability state but connection state stability calculated using the standard
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object information input as Example 2 is 17% and thus represents a serious stability
state.

The connection time stability calculation unit 122 calculates connection time
stability using Equation 2 above (S203).

For example, as illustrated in FIG. 7, connection time stability calculated
using the standard object information input using Example 1 is 86% and thus
represents a normal stability state, and connection time stability calculated using the
standard object information input using Example 2 is 143% and thus also represents
a normal stability state.

Thus, the network connection stability calculation unit 120 calculates final
network connection stability S using the connection state stability and the connection
time stability (S204).

For example, as illustrated in FIG. 7, final network connection stability S
according to Example 1 is 1.0 and thus represents a stable network connection state,
and final network connection stability S according to Example 2 is 3.4 and thus
represents an unstable network connection state.

The error prediction information display unit 130 displays error prediction
information calculated using the standard object information, such as path
information R, a network state F, stability S, connection state stability Ssure,
connection time stability Sy, etc. (S205).

Compared to the final network connection stability S according to Example 2,
the final network connection stability S according to Example 1 represents a normal
state, in which information is exchanged in a stable state, two available alternative

paths arc secured, and connection time stability gradually increases as it changes
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from a ‘caution’ state to a ‘normal’ state. Thus, an operator need not make any
response.

In contrast, the final network connection stability S according to Example 2 is
in a serious state which is a temporary error state since retrying to connect to the
network fails twice and in which no alternative paths are sccured, deployment of
network backup equipment should be considered, a connection time gradually
increases due to frequent errors, and connection time stability is about to be changed
to a ‘warning’ state. Thus, an operator should prepare for an immediate response
for alternative connection.

As described above, in the present embodiment, stability of a power system
network may be calculated in a formula on the basis of standard object information
and an error thereof may be predicted using the stability. Thus, an operator may
notice a state of the power system network before a network error occurs, and may
thus immediately and exactly respond to an error when the error occurs (or when an
alarm is generated), thereby improving accident response capabilities.

Although the present invention has been described above with reference to
the embodiments illustrated in the drawings, these embodiments are merely examples
and it would be obvious to those of ordinary skill in the art that various changes may
be made to these embodiments and these embodiments are to cover all modifications,
equivalents, and alternatives falling within the scope of the invention. Accordingly,

the scope of the invention should be defined in the appended claims.
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CLAIMS

1. A device for calculating stability of a power system network and predicting
an error thereof, the device comprising:

5 a standard object information reception unit configured to receive standard
object information from the power system network that is actually operating;

a connection state stability calculation unit configured to calculate connection
state stability Sy representing whether a power system network connection state is
stable based on the standard object information,

10 wherein the standard object information comprises at least one of:
a number of times to retry to connect to the power system network
ConnRtryCnt until a state is changed from a temporary error state to a
permanent error state;
a number of times to retry to connect to the power system network
15 ConnFailRtryCnt in the permanent error state;
a number of times to reject trying to connect to the power system
network ConnRey,
a list of alternative paths to a main path NetAltPth;
states of the alternative paths to the main path 4/tPthSt;, and
20 an available valid path available Path;

a connection time stability calculation unit configured to calculate connection
time stability Sune representing whether a power system network connection time is
stably maintained based on the standard object information,

wherein the standard object information comprises at least one of:

25 an average connection time ConndvImms; and
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a current-connection-state maintenance time ConnCurTmms after
connection to the power system network;
a power system network connection stability calculation unit configured to
calculate final power system network connection stability using the power system
5  network connection state stability Ssare and the connection time stability Syme; and
an error prediction information display unit configured to display error
prediction information,
wherein the error prediction information comprises at least one of:
the final power system network connection stability;
10 the connection state stability Sszare;
the connection time stability Syime; and
network path information and values of states of the power system

network.

15 2. The device of claim 1, wherein the error prediction information display unit
classifies and displays the final power system network connection stability in stages
including at least one among state changing, a danger, an alarm, and safety,

wherein the stages are displayed using different colors.

20 3. The device of claim 1, wherein the error prediction information display unit
comprises:
a route display unit configured to display whether a power system network
connection path is a main path or an alternative path;
a power system network state value display unit configured to display a

25  current state of the power system network;
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a final stability display unit configured to display the final power system
network connection stability calculated by assigning weights to the connection state
stability Sy and the connection time stability Seime;

a connection state stability display unit configured to display a result of
5  calculating the connection state stability; and
a connection time stability display unit configured to display a result of

calculating the connection time stability.

4. The device of claim 1, wherein the values of the states of the power system
10  network comprises one of:
a value of a state representing a start operation of starting connection to the
power system network;
a value of a state representing a connection try operation of repeatedly trying
connection to the power system network until connection to the power system
15  network succeeds;
a value of a state representing a connection operation in which connection to
the power system network is made normally and information is exchanged,
a value of a state representing a temporary error operation in which a
temporary power system network connection error occurs;
20 a value of a state representing a permanent error operation in which a
permanent power system network connection error occurs;
a value of a state representing an alternative connection try operation of
trying to connect to the power system network using an available alternative path

when connection to the power system network through a main path is difficult;
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a value of a state representing an alternative-path connection operation of
connecting to the power system network through an altemaﬁve path rather than the
main path; and

a value of a state representing an end operation of ending connection to the

5  power system network.

5. The device of claim 4, wherein the start operation is changed to the
connection try operation when a predetermined time period elapses,
the connection try operation is changed to the connection operation when
10  connection to the power system network succeeds, is changed to the permanent error
operation when a number-of-times-to-retry-to-connect information value
ConnRiryCnt until a state is changed from the temporary error state to the permanent
error state is equal to a number-of-times-to-reject-trying-to-connect information
value ConnRej, and is changed to the alternative connection try opefation when a
15 number-of-times-to-retry-to-connect information value ConnFailRiryCnt and the
number-of-times-to-reject-trying-to-connect information value ConnRej are equal to
each other in the permanent error state,
the connection operation is changed to the temporary error operation when a
temporary connection error generation alarm Conndlm is generated, aﬁd is changed
20  to the end operation when data transmission is completed or connection to the power
system network is ended normally,
the temporary error operation is changed to the connection try operation when
a predetermined time period ConnRtryTmms elapses,
the permanent error operation is changed to the connection fry operation

25  when a predetermined time period ConnFailRtryTmms elapses,

26

CA 2950737 2019-01-10



the alternative connection try operation is changed to the alternative-path

connection operation when there is an available alternative path AItPihSY, and is

changed to the end operation when connection to the power system network is ended
abnormally, and

5 the alternative-path connection operation is changed to the end operation

when connection to the power system network through an alternative path succeeds

or connection to the power system network is ended normally.

6. The device of claim 1, wherein the power system network connection
10  stability calculation unit calculates the final power system network connection
stability by adding a product of the connection state stability Soae and a
predetermined first weight and a product of the connection time stability Sime and a

predetermined second weight.

15 7. The device of claim 1, wherein the connection state stability calculation unit
calculates the connection state stability Ssae using a variation in an operational value
representing an unstable connection state and a total number of lines through which
the power system network is connectable using an alternative path, wherein the
unstable connection state comprises the temporary error state or the permanent error

20  state.

8. The device of claim 1, wherein the connection time stability calculation unit

calculates the connection time stability Sume from a current connection time versus an

average connection time.
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9. A method of calculating stability of a power system network and predicting
an error thereof, the method comprising:

receiving, by a standard object information reception unit, standard object
information from a power system network which is actually operated;

5 calculating, by a connection state stability calculation unit, a connection state
stability Syq. representing whether a power system network connection state is stable
based on the standard object information,

wherein the standard object information comprises at least one of:
a number of times to retry to connect to the power system network
10 ConnRiryCnt until a state is changed from a temporary error state to a
permanent error state;
a number of times to retry to connect to the power system network
ConnFailRtryCnt in the permanent error state;
a number of times to reject trying to connect to the power system
15 network ConnRej,
a list of alternative paths to a main path Net4ltPih,
states of the alternative paths to the main path 4tPtASt; and
an available valid path availablePath;
calculating, by a connection time stability calculation unit, connection time
20  stability Srime representing whether a power system network connection time is stably
maintained based on the standard object information,
wherein the standard object information comprises at least one of:
an average connection time ConnAvImms; and
a current-connection-state maintenance time ConnCurTmms after

25 connection to the power system network;
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calculating, by a power system network connection stability calculation unit,
final power system network connection stability using the connection state stability
Sstate and the connection time stability Srime; and
displaying, by an error prediction information display unit, error prediction
5 information,
wherein the error prediction information comprises at least one of:
the final power system network connection stability;
the connection state stability Ssare;
the connection time stability Srime; and
10 network path information and values of states of the power system

network.

10. The method of claim 9, wherein the calculating of the connection state
stability Ss.are comprises, by the connection state stability calculation unit, calculating
15  the connection state stability Syae using a variation in an operational value
representing an unstable connection state and a total number of lines through which
the power system network is connectable using an alternative path, wherein the

unstable connection state comprises the temporary error state or the permanent error

state.

20
11. The method of claim 9, wherein the calculating of the connection time
stability Sume comprises, by the connection time stability calculation unit, calculating
the connection time stability Sime from a current connection time versus an average
connection time,

25
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12. The method of claim 9, wherein the calculating of the final power system
network connection stability comprises, by the power system network connection
stability calculation unit, calculating the final power system network connection
5 stability by adding a product of the connection state stability Sswe and a
predetermined first weight and a product of the connection time stability Sime and a

predetermined second weight.
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NAME OF A o e <
INFORMATION DETAILED INFORMATION EXAMPLE 1 EXAMPLE 2
ConnRiryCnt 3 3
ConnFallRyyCnt 3 3
ConnRej 0 2
STANDARD
OBJECT # of AltPthSt.Path 2 4}
INFORMATION) % of NetAllPth 3 3
ComCurTmms 60s 85s
ConnAvimms 70s 703
i | NETWORK PATH
F | NETWORK STATE CONNECTION TEMPORARY ERROR
$ | STABILITY 1.0 3.4
INVENTION -
INFORMATION Ssiate [CONNECTION STATE STABILITY 75%{1, NORMAL) 17%(4, SERIQUS)
Sume [CONNECTION TIME STABILITY 86%(1, NORMAL} 143%{(1. NORMAL)
R IMMEDIATE BESPONSE FOR
OPERATOR'S RESPONSE NO RESPONSE ALTERNATIVE CONNECTION
ERROR PATH PRIMARY SECOND
PREDIC-
TION STATE TEMPORARY ERROR | PERMANENT ERROR
INFORMA-
TION STABILITY WARNING SERIOUS
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