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more alarm groups (212). The alarms are associated with operation of an in-
dustrial process system (102) performing a process, and each alarm has mul-
tiple states. The method also includes generating (406) a graphical display
(200) for presentation to a user. The graphical display identifies at least one
of the alarm groups and multiple alarm indicators (214). Each alarm indicat-
or indicates a state transition of an associated alarm between two of the
alarm's states. The alarm indicators are arranged in the graphical display
based on times of their respective state transitions.
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HISTORICAL ALARM ANALYSIS APPARATUS AND METHOD

TECHNICAL FIELD
[0001] This disclosure is generally directed to alarming
systems. More specifically, this disclosure is directed to

a historical alarm analysis apparatus and method.
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BACKGROUND

[0002] Supervisory control and data acquisition (SCADA)
systems and distributed control systems (DCSs) are control
system that may be collectively referred to as industrial
control systems (ICSs). SCADAs generally refer to computing
systems that monitor and control industrial,
infrastructure, or facility-based processes. Distributed
control systems generally refer to those systems that
control dynamically changing processes, such as
manufacturing processes, in a distributed manner.
Controller elements of a typical ICS may communicate with
one another through a network and, in some cases, may be
organized in a hierarchal manner so that the overall
functionality of the dynamic system is controlled in a
coordinated manner. ICSs may be well suited for controlling
the operation of dynamic processes, such as chemical plants
or 0il refineries, due to the relatively large geographic
areas that these dynamic processes may encompass.

[0003] ICSs often include an alarm sub-system used to
alert operators of malfunctions that occur and to provide
indications of certain changes in the operation of the
dynamic processes. In many cases, an alarm sub-system
provides alarm indicators to operators in real-time so that
malfunctions in certain process elements may be resolved in
a timely manner. Alarms may be categorized according to
their level of criticality to proper operation of a dynamic
process. For example, a typical alarm sub-system may
categorize alarms into low, high, or urgent categories.
Those alarms that generally cause operation of the dynamic
process to cease functioning properly may be categorized as

urgent, while those alarms having a moderate or minimal
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impact upon proper operation of the dynamic process may be

categorized as high and low, respectively.



WO 2013/003165 PCT/US2012/043425

DOCKET NO. H0028702-0104 PATENT

SUMMARY

[0004] This disclosure provides a historical alarm
analysis apparatus and method.

[0005] In a first embodiment, a method includes
partitioning alarms into two or more alarm groups. The
alarms are associated with operation of an industrial
process system performing a process, and each alarm has
multiple states. The method also includes generating a
graphical display for presentation to a user. The graphical
display identifies at least one of the alarm groups and
multiple alarm indicators. Each alarm indicator indicates a
state transition of an associated alarm between two of the
alarm’s states. The alarm indicators are arranged in the
graphical display based on times of their respective state
transitions.

[0006] In a second embodiment, an apparatus includes at
least one memory unit configured to store information
identifying alarms associated with operation of an
industrial process system that is configured to perform a
process. Each alarm has multiple states. The apparatus also
includes at least one processing unit configured to
partition the alarms into two or more alarm groups and
generate a graphical display for presentation to a user.
The graphical display identifies at least one of the alarm
groups and multiple alarm indicators. Each alarm indicator
indicates a state transition of an associated alarm between
two of the alarm’s states. The alarm indicators are
arranged in the graphical display based on times of their
respective state transitions.

[0007] In a third embodiment, a computer readable medium
embodies a computer program. The computer program includes

computer readable program code for partitioning alarms into
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two or more alarm groups. The alarms are associated with
operation of an industrial process system configured to
perform a process, and each alarm has multiple states. The
computer program also includes computer readable program
code for generating a graphical display for presentation to
a user. The graphical display identifies at least one of
the alarm groups and multiple alarm indicators. Each alarm
indicator indicates a state transition of an associated
alarm between two of the alarm’s states. The alarm
indicators are arranged in the graphical display based on
times of their respective state transitions.

[0008] Other technical features may be readily apparent
to one skilled in the art from the following figures,

descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete wunderstanding of this
disclosure and its features, reference is now made to the
following description, taken in conjunction with the
accompanying drawings, in which:

[0010] FIGURE 1 illustrates an example industrial
control system (ICS) according to this disclosure;

[0011] FIGURE 2 illustrates an example graphical display
for presenting one or more alarm groups according to this
disclosure;

[0012] FIGURE 3 illustrates another example graphical
display for presenting one or more alarm groups according
to this disclosure; and

[0013] FIGURE 4 illustrates an example method for
historical analysis of alarms associated with a processing

facility according to this disclosure.
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DETATILED DESCRIPTION

[0014] FIGURES 1 through 4, discussed below, and the
various embodiments used to describe the principles of the
present invention in this patent document are by way of
illustration only and should not be construed in any way to
limit the scope of the invention. Those skilled in the art
will understand that the principles of the invention may be
implemented 1in any type of suitably arranged device or
system.

[0015] FIGURE 1 illustrates an example industrial
control system (ICS) 100 according to this disclosure. As
shown in FIGURE 1, the ICS 100 controls operation of a
processing facility 102 that performs a dynamic process.
The processing facility 102 includes one or more processing
elements (PEs) 104 that function together to perform the
dynamic process. The ICS 100 includes an alarm trend
analyzer 106, which processes alarms related to the
processing facility 102. Alarms processed by the analyzer
106 may be stored in a historical alarm storage 108 for
analysis at a future point in time.

[0016] The processing facility 102 includes any suitable
structures or combination of structures for performing a
dynamic industrial process. An industrial process
represents any system or portion thereof configured to
produce or process one or more materials in some manner. In
some embodiments, the processing facility 102 may include a
chemical processing facility that produces one or more
chemical products or an o0il refinery that produces motor
0il, kerosene, fuel, or other oil-based products. As such,
the processing elements 104 include any suitable structures
that perform some useful transformation or other function

in the processing facility 102. Examples of processing
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elements 104 may include heaters, holding tanks, wvalves,
catalytic converters, mixers, separators, reactors,
compressors, pumps, expanders, distillation units, surge
tanks, accumulators, relief valves, absorbers, filters, and
heat exchangers (including cross-flow exchangers, plate-fin
exchangers, and shell-tube exchangers).

[0017] Various processing elements 104 may malfunction
from time to time due to various reasons. To assist
operators of the ICS 100, the analyzer 106 may generate
alarms to notify the operators of malfunctions or other
deviations in the operation of one or more processing
elements 104. The alarms may be generated based on data
from sensors or other data sources. For example, sensors
may 1include temperature or pressure transducing devices
that generate signals representing the temperature or
pressure, respectively, of a holding vessel. The analyzer
106 may be configured to compare received signals
representing the temperature or pressure of the holding
vessel and generate an alarm in the event that the received
signals exceed predetermined limits. Note, however, that
the analyzer 106 need not be configured to generate alarms
itself. For instance, other components of the ICS 100 or
components of the processing facility 102 could generate
alarms, which can then be provided to the analyzer 106.

[0018] Alarms associated with the processing facility
102 may be categorized by the analyzer 106, such as into
different criticality levels based on their severity. In
some embodiments, alarms are categorized into one of three
criticality levels: low priority, high priority, and urgent
priority. Low priority alarms may include those
representing operating characteristics of processing

elements 104 that do not adversely affect the operation of
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the processing facility 102 in an undue manner. In some
cases, low priority alarms may or may not represent
malfunctions of processing elements 104. Rather, low
priority alarms may merely represent notifications that one
or more characteristics of a processing element 104 have
deviated from a specified norm. Urgent priority alarms
generally include those representing malfunctions of
processing elements 104 that adversely affect operation of
the processing facility 102. High priority alarms may
include those alarms that represent malfunctions of
processing elements 104 that are greater in severity than
low priority alarms and lesser 1in severity than urgent
priority alarms.

[0019] Alarms associated with the processing facility
102 may also be assigned to two or more states by the
analyzer 106. The states indicate the condition of an alarm
at any particular point in time. For example, an alarm may
have an active state indicating that the alarm is in an
active condition and an inactive state indicating that the
alarm 1is in an inactive condition. In some embodiments,
alarms may have other or additional states, such as an
acknowledged state indicating that an active alarm has been
acknowledged Dby an operator of the ICS 100. The
acknowledged state may be useful for determining in real-
time or forensically the point of time in which operators
of the ICS 100 have commenced corrective action to a
malfunction that caused an alarm to go into the active
state.

[0020] In many cases, a processing facility 102 may
employ relatively complex processes that use numerous
processing elements 104. As such, a malfunction in one

portion of the processing facility 102 may cause operators
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of the ICS 100 to become inundated with a large quantity of
alarms at one time (a condition known as “alarm flooding”).
When alarm floods are generated, operators may be hindered
from correctly ascertaining the main source of a
malfunction due to pertinent alarms being hidden among
numerous other superfluous alarms.

[0021] As noted above, the analyzer 106 processes alarms
associated with the processing facility 102 and stores
records of these alarms in the historical alarm storage
108. The alarms may be stored in the historical alarm
storage 108 along with their time of occurrence and other
related data (such as start time, stop time, and operator
responses). The analyzer 106 is operable to partition the
alarms into two or more alarm groups and to display at
least one of the alarm groups on a user interface 110 in an
easy-to-read manner. For instance, the analyzer 102 can
display alarms that are related to one another as
independent groups on the user interface 110, providing an
easier way in which historical operation of the processing
facility 102 can be viewed or analyzed.

[0022] In some embodiments, the analyzer 106 may be used
by personnel who maintain or design operation of the
processing facility 102, such as engineers or scientists.
These personnel could use the analyzer 106 to perform
historical alarm analysis, such as post-incident analysis
following a plant upset. In cases such as these, the life
cycle of certain alarms may be extracted from the
historical alarm store 108 and displayed on the user
interface 110 for analysis, along with other alarms or
various parametric wvalues associated with the processing
facility 102, to ascertain their interrelation with one

another. Once these alarms have been identified, a
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continuous history of the alarms and various parametric
values may be overlaid on the user interface 110 to help
the user identify the root cause of the plant upset. Ease
of use may be further facilitated by alternatively hiding
or showing different categories of alarms such that the
user interface 110 1is not cluttered with superfluous
information. Additionally, the analyzer 106 may highlight
repeated incidents of certain alarms to identify certain
trends that the alarms may undergo during operation of the
processing facility 102.

[0023] Each alarm group into which the alarms may be
partitioned generally defines a cluster of alarms that may
be related to one another. Alarms may be more related to
certain alarms than to other alarms. The alarms’ relation
to one another may be based upon any criteria, such as
their causal relation to one another and/or their relative
time of occurrence. For example, a particular alarm may be
related to one or more other alarms because the other
alarms may pose a causal effect upon the particular alarm.
As another example, the processing facility 102 may include
several sub-processes in which each sub-process may be
monitored by a certain group of alarms. In either case,
historical or forensic analysis of the operation of the
processing facility 102 may be eased by grouping related
alarms with one another. In this manner, users of the
analyzer 106 may determine the underlying causes of
conditions that caused the alarms by analyzing groups of
related alarms with one another.

[0024] Grouping certain alarms with one another may also
provide a time-based presentation of these alarms such that
users may analyze the alarms according to their times of

occurrence relative to one another. For example, a
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particular alarm may be generated according to one of
several possible faults 1in a processing facility 102.
Analysis of this alarm along with the timing of other
alarms may be useful for identifying the type and nature of
the fault that caused the alarm to be generated.

[0025] The analyzer 106 includes any suitable structure
for analyzing historical alarms of a processing facility.
For example, the analyzer 106 could be implemented using
hardware only or a combination of hardware and
software/firmware instructions. In this example, the
analyzer 106 is implemented using a computing system 112
that includes at least one memory unit 114, at least one
processing unit 116, and at least one network interface
118. The at least one memory unit 114 includes any suitable
volatile and/or non-volatile storage and retrieval
device(s), such as a hard disk, an optical storage disc,
RAM, or ROM. The at least one processing unit 116 includes
any suitable processing structure(s), such as a
microprocessor, microcontroller, digital signal processor,
application specific integrated circuit, or field
programmable gate array. The at least one network interface
118 includes any suitable structure(s) for communicating
over one or more networks, such as a wired Ethernet
interface or a wireless interface. This represents one
specific way in which the analyzer 106 can be implemented,
and other implementations of the analyzer 106 could be
used. When implemented using software and/or firmware, the
analyzer 106 may include any suitable program instructions
that simulate one or more processes of the facility 102. In
some embodiments, the analyzer 106 may be implemented using
the EXPERION PKS DCS software application from HONEYWELL
INTERNATIONAL SARL.
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[0026] The user interface 110 can be used to interact
with the analyzer 106, such as to initiate analysis and
view analysis results or alarms. The user interface 110
includes any suitable structure for providing information
to a user and receiving information from the user. For
example, the user interface 110 could represent a display
device.

[0027] Although FIGURE 1 illustrates one example of a
ICS 100, wvarious changes may be made to FIGURE 1. For
example, the ICS 100 could include any number of analyzers
106 and computing systems 112, and the ICS 100 could be
used with any number of user interfaces 110. Also, the
functional division shown in FIGURE 1 is for illustration
only. Various components in FIGURE 1 could be combined,
further subdivided, or omitted and additional components
could be added according to particular needs. For instance,
the analyzer 106 could form an integral part of the ICS
100, or the analyzer 106 could be implemented as a stand-
alone application that may be executed independently of the
ICS 100. In addition, the processing facility 102 could
have any suitable structure with any number and arrangement
of processing elements 104.

[0028] FIGURE 2 illustrates an example graphical display
200 for presenting one or more alarm groups according to
this disclosure. The graphical display 200 could, for
example, be presented by the analyzer 106 on the user
interface 110 of FIGURE 1. In this example, the graphical
display 200 includes an alarm trend pane 202, a history
overview pane 204, and an alarm list pane 206 arranged as
shown in FIGURE 2. Various components of the graphical
display 200 may function together to allow a user to

investigate time periods of interest while maintaining
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overall situational awareness of the operation of a
processing facility 102 during an extended period of time.

[0029] The alarm list pane 206 includes a list of alarm
records received from the historical alarm storage 108. In
particular, the alarm list pane 206 displays alarms that
were 1in the active or inactive state at some point during
the period of time identified in the history overview pane
204. In this example, the alarm list pane 206 includes
multiple rows, each row corresponding to one alarm state
transition associated with the processing facility 102. The
alarm list pane 206 also includes several columns that
display various types of information related to the alarms,
such as date and time of occurrence, a location tag
associated with the alarm, the source of the alarm, the
condition associated with the alarm, an action associated
with the alarm, a priority associated with the alarm, and a
textual description of the alarm.

[0030] Each row of the alarm list pane 206 may include
an alarm state icon 210 showing the state of its respective
alarm during the period of time displayed in the alarm
trend pane 202. The alarm state icon 210 may include any
suitable type of wvisual indication of an alarm state. For
example, the alarm state icon 210 may be displayed in a
green color to indicate that the alarm is in the inactive
state, a yellow color to indicate that the alarm is in the
active and acknowledged state, and a red color to indicate
that the alarm is in the active state and unacknowledged.
In some embodiments, an alarm state dicon 210 may be
displayed in a flashing manner if its respective alarm is
in the active and unacknowledged state.

[0031] The alarm trend pane 202 includes one or more

rows corresponding to one or more alarm groups 212. Each
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alarm group 212 includes one or more alarm indicators 214.
Fach alarm indicator 214 represents a state transition of a
particular alarm from one state to another, such as from
the inactive state to the active state or vice versa. The
alarm trend pane 202 further includes a timeline 216
extending across the bottom edge of the alarm trend pane
202. The timeline 216 indicates a historical elapsed period
of time in which time progresses from the left side to the
right side of the alarm trend pane 202. Thus, the alarm
indicators 214 may be displayed according to their time of
occurrence by horizontal placement across the timeline 216.

[0032] Individual alarm indicators 214 in the alarm
trend pane 202 may be selected by a user in any suitable
manner, such as by using an input device like a mouse. When
one particular alarm indicator 214 has been selected, all
alarm indicators 214 associated with that particular alarm
may be highlighted in the pane 202. In addition, a line may
be displayed from a first alarm indicator 214 indicating a
state change into the active state to a second alarm
indicator 214 indicating a state change into the inactive
state. For cases where the alarm includes other states
(such as an acknowledged state), additional lines may be
displayed connecting to alarm indicators 214 associated
with these other states. With this feature, users of the
analyzer 106 may be able to quickly ascertain the full
duration of the active state of any alarm and the condition
of other alarms that may be related to the highlighted
alarm during this period of time.

[0033] The history overview pane 204 generally displays
an expanded timeline of that displayed by alarm trend pane
202. For example, while the alarm trend pane 202 may

display a timeline 216 that extends over a two-hour period,
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the history overview pane 204 may display a window of time
that extends over a 24-hour period. The history overview
pane 204 includes a shaded region 220 indicating the window
of time that is currently displayed in the alarm trend pane
202 and that defines the alarms presented in the alarm list
pane 206.

[0034] The history overview pane 204 includes bars 222
that are displayed at repeating intervals. Each bar 222
indicates the quantity of alarms that are in an active
state at the bar’s associated point in time. The history
overview pane 204 also 1includes one or more secondary
shaded regions 224 indicating elapsed periods of time in
which an alarm selected in the alarm trend pane 202 1is
active over the time period displayed in the history
overview pane 204. Although the elapsed periods are
represented as shaded regions 224, any form of indicia that
provides a visual indication of the elapsed periods may be
used. For example, the elapsed periods may be represented
by regions of differing colors, flashing patterns, or
cross-hatching patterns that indicate the breadth and
overall amount of time in which a highlighted alarm was
active.

[0035] In some embodiments, the secondary shaded regions
224 provide wusers of the analyzer 106 with a wvisual
indication of certain useful <characteristics of a
particular alarm over a period of time. For example, the
secondary shaded regions 224 may show the rate of alarm
generation to assist users in =zeroing in on the time
periods of interest. That is, a user analyzing a particular
alarm may highlight that particular alarm and wview the
times when that alarm was active in the history overview

pane 204. The user may then select a particular smaller
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window of time to be displayed in the alarm trend pane 202
so that the alarm’s activity may be compared with other
related alarms.

[0036] In some embodiments, the alarm trend pane 202 may
be expanded or contracted to display any elapsed period of
time relative to the history overview pane 204. In the
particular example graphical display 200 shown in FIGURE 2,
the alarm trend pane 202 may be expanded or contracted by
adjusting the Dbreadth of the shaded region 220 via
selection and movement techniques, such as by using a mouse
or a scroll-ball device. In other embodiments, the alarm
trend pane 202 may be scrolled forward or backward in time
relative to the history overview pane 204.

[0037] FIGURE 3 illustrates another example graphical
display 300 for presenting one or more alarm groups
according to this disclosure. The graphical display 300
could, for example, be presented by the analyzer 106 on the
user 1interface 110 of FIGURE 1. In this example, the
graphical display 300 includes an alarm trend pane 302, a
history overview pane 304, an alarm list pane 306, and a
parametric value selection pane 308. The history overview
pane 304 and the alarm list pane 306 may function similarly
to the history overview pane 204 and alarm list pane 206,
respectively, of FIGURE 2.

[0038] The alarm trend pane 302 functions similarly to
the alarm trend 202 of FIGURE 2, with a few exceptions.
Whereas the alarm trend pane 202 of FIGURE 2 displays five
alarm groups, the alarm trend pane 302 displays only one
alarm group. Note, however, that the alarm trend pane 202
or 302 may be selectively modified by a user to display any
quantity of alarm groups in the alarm trend pane 202 or

302. The alarm trend pane 302 also differs from the alarm
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trend pane 202 in that it displays alarm indicators 309 and
curves 310, where the curves 310 represent parametric
values associated with the processing facility 102. The
parametric wvalues and their associated curves 310 are
described in more detail below.

[0039] The parametric value selection pane 308 displays
a list 312 of parametric values of the processing facility
102. The parametric wvalues denote values received from
sensors or other devices and stored in the memory unit 114.
Parametric values may represent any process variable that
affects or 1s affected by operation of the processing
facility 102. Suitable types of process variables may
include pressure, temperature, or chemical composition of a
constituent material stored in a holding tank or other
containment vessel.

[0040] The list 312 of parametric values 1is displayed in
rows, where each row includes a selection button 314 and a
display color selection button 316. Activation of selection
button 314 causes the respective parametric value to be
displayed in the alarm trend pane 302 as a curve 310. The
alarm trend pane 302 may also include a vertical gauge 318
displaying graduated or other wvalues that the curve 310
represents. The color selection button 316 associated with
each parametric value may be used to select the color in
which the curve 310 is displayed in the alarm trend pane
302.

[0041] In many cases, knowledge of the values of certain
process variables may be useful for performing historical
analysis of the operation of the processing facility 102 in
conjunction with alarm indicators displayed in the alarm
trend pane 302. For example, a scenario may have occurred

in which a pump used to pump material into a mixer has
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failed. Historical analysis of the pump’s vibration level
and electrical power draw characteristics may indicate that
the pump has been operating properly during and just prior
to the pump’s failure. However, upon analysis of the
chemical composition of material that was flowing through
the pump using an appropriate parametric value displayed on
a curve 310 in the alarm trend pane 302, it may be
determined that certain constituent components of the
material caused pressure levels in the mixer to become
elevated, causing excessive pressure levels at the output
port of the pump. Thus, displaying curves 310 of parametric
values may aid in historical analysis to quickly determine
the causes and effects of these parameters upon operation
of the processing facility 102.

[0042] Although FIGURES 2 and 3 illustrate examples of
graphical display for presenting one or more alarm groups,
various changes may be made to FIGURES 2 and 3. For
example, the graphical displays 200 and 300 may include any
other or additional panes. As a particular example, the
graphical display 200 or 300 may be void of the history
overview pane, the alarm list pane, and/or the parametric
value selection pane. As another particular example, the
alarm trend pane may include a timeline bar that extends
vertically such that time may progress upwardly or
downwardly across the display. In addition, the arrangement
and composition of the graphical displays are for
illustration only. Any of a wide variety of information in
any suitable format could be presented, and any suitable
input/output mechanisms could be used to obtain information
from and provide information to a user.

[0043] FIGURE 4 illustrates an example method 400 for

historical analysis of alarms associated with a processing
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facility according to this disclosure. As shown in FIGURE
4, the analyzer 106 stores alarms that have been generated
by a processing facility over a period of time at step 402.
This could include, for example, the analyzer 106
continually monitoring operation of the processing facility
102 and storing alarms as they are generated. The period of
time may include any duration for which future analysis may
be desired. In many cases, processing facilities 102 may
operate on a continual basis, and the analyzer 106 may
continually store alarms so that historical analysis of the
alarms may be performed over any desired period of time.
[0044] The analyzer 106 partitions the stored alarms
into multiple alarm groups at step 404. The stored alarms
may be partitioned according to any desired criteria. For
example, certain alarms may be grouped together according
to their causes and/or effects upon one another. That is,
certain alarms whose condition may cause other alarms to go
active may be grouped together. As another example, a
processing facility 102 may be formed of multiple sub-
processes that function together. In this case, alarms may
be grouped according to each sub-process so that historical
analysis of alarms may be performed on a sub-process basis.
[0045] The analyzer 106 displays the alarm groups in a
graphical display at step 406. The analyzer 106 may display
all alarm groups simultaneously, a portion of all alarm
groups simultaneously, or only one alarm group at a time on
the graphical display. The particular display technique
used here could be a user selectable parameter. The
displayed alarm groups may 1include alarm indicators
representing a state transition of a particular alarm from
one state to another. For instance, one alarm indicator may

be associated with an alarm that has transitioned from the
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inactive to the active state, while another alarm indicator
may be associated with the same alarm that has transitioned
from the active to the inactive state. Thus, multiple alarm
indicators may be associated with a single alarm. The alarm
indicators may also be arranged in any suitable manner,
such as linearly with respect to time. A timeline may be
oriented in any suitable direction, such as horizontally.

[0046] A selection of an alarm in an alarm group 1is
received at step 408, and the graphical display is updated
to show the selected alarm and any related alarms at step
410. This could include, for example, the analyzer 106
receiving a selection of an alarm indicator, highlighting
the selected alarm indicator, and highlighting any alarm
indicator associated with the same alarm.

[0047] A selection of at least one parametric wvalue is
received at step 412, and the graphical display is updated
to show at least one curve for the parametric value(s) at
step 414. A parametric value could represent any suitable
variable associated with the processing facility 102. The
curve (s) may be overlaid on the same display in which the
alarm indicators are displayed so that instantaneous
parametric wvalues may be viewed along with the alarm
indicators at their time of occurrence.

[0048] Although FIGURE 4 illustrates one example of a
method 400 for historical analysis of alarms associated
with a processing facility, various changes may be made to
FIGURE 4. For example, the analyzer 106 may receive input
through a wuser interface to interactively display any
number and type of alarm groups and/or parametric values on
the graphical display. Also, the analyzer 106 may receive
input through the user interface to adjust time windows to

include any historical elapsed period of time for which
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analysis of alarms may be desired. For instance, the time
window through which alarm indicators and/or parametric
values are displayed may be adjusted forwards or backwards
in time and expanded or contracted to include a longer or
shorter period of time. In addition, while shown as a
series of steps, various steps in FIGURE 4 could overlap,
occur in parallel, occur in a different order, or occur
multiple times.

[0049] In some embodiments, various functions described
above are implemented or supported by a computer program
that is formed from computer readable program code and that
is embodied in a computer readable medium. The phrase
“computer readable program code” includes any type of
computer code, including source code, object code, and
executable code. The phrase “computer readable medium”
includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access
memory (RAM), a hard disk drive, a compact disc (CD), a
digital video disc (DVD), or any other type of memory.

[0050] It may be advantageous to set forth definitions
of certain words and phrases used throughout this patent

(4

document. The terms “include” and “comprise,” as well as

derivatives thereof, mean inclusion without limitation. The

A\ 7

term or is inclusive, meaning and/or. The phrases
“Yassociated with” and “associated therewith,” as well as
derivatives thereof, may mean to include, Dbe included
within, interconnect with, contain, be contained within,
connect to or with, couple to or with, be communicable
with, cooperate with, interleave, Jjuxtapose, be proximate
to, be bound to or with, have, have a property of, have a

relationship to or with, or the like.
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[0051] While this disclosure has described certain
embodiments and generally associated methods, alterations
and permutations of these embodiments and methods will be
apparent to those skilled in the art. Accordingly, the
above description of example embodiments does not define or
constrain this disclosure. Other changes, substitutions,
and alterations are also possible without departing from
the spirit and scope of this disclosure, as defined by the

following claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

partitioning (404) alarms into two or more alarm
groups (212), the alarms associated with operation of an
industrial process system (102) performing a process, each
alarm having multiple states; and

generating (406) a graphical display (200) for
presentation to a user, wherein the graphical display
identifies at least one of the alarm groups and multiple
alarm indicators (214), each alarm indicator indicating a
state transition of an associated alarm between two of the
alarm’s states, the alarm indicators arranged in the
graphical display based on times of their respective state

transitions.

2. The method of Claim 1, further comprising:

arranging the alarm indicators linearly along a first
timeline (216) representing a first historical elapsed
period of time, the first timeline progressing horizontally

across the graphical display.

3. The method of Claim 2, wherein:

the graphical display further comprises a second
timeline (204) representing a second historical elapsed
period of time that encompasses and is longer in duration
than the first historical elapsed period of time; and

the alarm indicators are selected for arrangement
along the first timeline based on a selection of a period

(220) within the second historical elapsed period of time.
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4, The method of Claim 1, further comprising:

receiving (408) a selection of one of the alarm
indicators; and

in response to the selection, highlighting (410) any

alarm indicators related to the selected alarm indicator.

5. The method of Claim 4, wherein:

the selected alarm indicator represents a first state
transition of a particular alarm;

highlighting any alarm indicators related to the
selected alarm indicator comprises highlighting at least
one alarm indicator associated with the particular alarm;
and

the at least one highlighted alarm indicator
represents at least one additional state transition of the

particular alarm.

6. The method of Claim 1, wherein the graphical
display further comprises one or more curves (310)
representing one or more parametric values associated with

the industrial process system.

7. An apparatus comprising:
at least one memory unit (114) configured to store
information identifying alarms associated with operation of
an industrial process system (102) that is configured to
perform a process, each alarm having multiple states; and
at least one processing unit (116) configured to:
partition the alarms into two or more alarm
groups (212); and
generate a graphical display (200) for

presentation to a user, wherein the graphical display
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identifies at least one of the alarm groups and multiple
alarm indicators (214), each alarm indicator indicating a
state transition of an associated alarm between two of the
alarm’s states, the alarm indicators arranged in the
graphical display based on times of their respective state

transitions.

8. The apparatus of Claim 7, wherein the alarm
indicators are arranged linearly along a first timeline
(216) representing a first historical elapsed period of
time, the first timeline progressing horizontally across

the graphical display.

9. The apparatus of Claim 8, wherein:

the graphical display further comprises a second
timeline (204) representing a second historical elapsed
period of time that encompasses and is longer in duration
than the first historical elapsed period of time; and

the at least one processing unit 1is configured to
select the alarm indicators for arrangement along the first
timeline based on a selection of a period (220) within the

second historical elapsed period of time.

10. The apparatus of Claim 7, wherein the at least
one processing unit is further configured to:

receive a selection of one of the alarm indicators;
and

in response to the selection, highlight (410) any

alarm indicators related to the selected alarm indicator.

11. The apparatus of Claim 10, wherein:

the selected alarm indicator represents a first state
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transition of a particular alarm;

the at least one processing unit 1is configured to
highlight at least one alarm indicator associated with the
particular alarm; and

the at least one highlighted alarm indicator
represents at least one additional state transition of the

particular alarm.

12. The apparatus of Claim 7, wherein the graphical
display further comprises one or more curves (310)
representing one or more parametric values associated with

the industrial process system.

13. A computer readable medium embodying a computer
program, the computer program comprising computer readable
program code for:

partitioning (404) alarms into two or more alarm
groups (212), the alarms associated with operation of an
industrial process system (102) configured to perform a
process, each alarm having multiple states; and

generating (406) a graphical display (200) for
presentation to a user, wherein the graphical display
identifies at least one of the alarm groups and multiple
alarm indicators (214), each alarm indicator indicating a
state transition of an associated alarm between two of the
alarm’s states, the alarm indicators arranged in the
graphical display based on times of their respective state

transitions.
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