ELEMENT SPECIFIC VARIABLE TRANSLATION RELATED APPLICATIONS 5100011This
application claims the benefit of U.S. Provisional Application Number 61/480,988, filed April 29, 2011,
which is hereby incorporated by reference in its entirety. TECHNICAL FIELD 10100021The subject
matter described herein is related to the field of controlling automated machines. TECHNICAL
BACKGROUND 100031Machine automation environments include many types of processing
15plants, fabrication facilities, assembly lines, and production operations. Devices in machine
automation environments are commonly configured, kontrolled, or monitored using software and
automated control mechanisms. In many cases, the software is implemented in the form of a graphical
user interface. 100041A typical machine automation environment includes various devices such 20as

pumps, drives, motors, startegs, §§%%ﬁ§ms¥y 'fﬁﬁ%ﬁfm % r devices, including
combinations thereof. Machlne contro ers, control ments or controllers 0
RELATED APPLICATIONS
5 [o001] This application claims the benefit of U.S. Provisional Application Number

61/480,988, filed April 29, 2011, which is hereby incorporated by reference in its

entirety.
TECHNICAL FIELD
10 [0002] The subject matter described herein is related to the field of controlling

automated machines.

TECHNICAL BACKGROUND

[0003] Machine antomaﬁon environments include many types of processing

15 plants, fabrication facilities, assembly lines, and production operations. Devices in
machine automation environments are commonly configured, controlled, or monitored
using sofiware and automated control mechanisms. In many cases, the software is

implemented in the form of a graphical user interface,

j0604] A typical machine automation environment includes various devices such
20 as pumps, drives, motors, starters, robots, sensors, switches, actuators, or other devices,

including combinations thereof. Machine controllers, control elements, or controllers of



2 other types are often used to control these devices. Machine controllers often interface with multiple
devices and have many inputs and outputs. Variable names are typically assigned to the inputs and
outputs such that they can be referenced in the software used to create control logic. The control logic
is used by the controller to configure, control, or 5monitor the devices. OVERVIEW 100051A method
of operating a configuration system is provided. The method includes the steps of identifying a control
element used to control a process in a machine 10automation environment, identifying a plurality of
variables used by the control element to monitor the?process, and translating the plurality of variables
to a plurality of aliases according to a translation protocol specific to the control element. 100061In
some examplesptine yrethodafoludesttherstejpbot displayiddpehiraphicslas pfesantatian of control logic
implemented by the control element to control the process 15where the graphical representation
includes the aliagé8 mMultkle dsxissssrd age matderalsenthexrits theishipremesadrmingthe graphical
representation to program logic including transﬁﬂgg the aliases to the variables according to the

translation proto%?&grfﬂd?ﬁ]fIW%HB%%?&?HBIE%C, T ?ﬁéﬁfﬂggcﬁ‘?é"fﬂﬁﬁtgﬁgf’é‘b‘ﬁ?%ﬁnsferring the
program logic toc}Qﬁfcé%ﬂ 8'1%?@%&&%9&8%9%%'@ FONS BRADRISH e Mo ingludes, the further

step of transferring the aliases to the control €lement.
5 monitor the devices,

OVERVIEW

[0005] A method of operating a configuration system is provided. The method

includes the steps of identifying a control element used to control a process in a machine
10 automation environment, identifying a plurality of variables used by the control element

to monitor the process, and translating the plurality of variables to a plurality of aliases

according to a translation protocol specific to the control element.

10006] In some examples, the method includes the steps of displaying a graphical

representation of control logic implemented by the control element to control the process
15 where the graphical representation includes the aliases. In this example, the method also

includes the step of converting the graphical representation to program logic including

translating the aliases to the variables according to the translation protocol.

[0067] In some examples, the method includes the further step of transferring the

program logic to the control element.

20 (0008} In some examples, the method includes the further step of transferring the

aliases to the control element.



3 [0009]In some examples, the control logic is implemented in the control element by way of executing
the program logic. 100101In some examples, the variables comprise International Electrotechnical
Commission (IEC) addresses. 5100111In some examples, the control element comprises a port
having a location and a logical address. The port comprises a plurality of elements each having a type
and a logical address. 100121In some examples, each of the aliases has a format comprising
JO_wx_yy_zz, wherein each of the vvx, yy, and zz portions indicate information about 10the port. In
this configuration, w indicates the location of the poré x indicates the logical address of the port, yy
indicates the type of one of the plurality of elements, and zz indicates the logical address of the one of
the plurality of ejesngints. [00d SiAecomippites theadabie Ingditmpkatet:piovdednddeleamputer readable
medium contains instructions that, when executed by a computer system, direct the 15computer
system to identity areoviesketsradin proevdnolegintrol a process in a machine automation environment,
identify a plurality of variables used by the control element to

{0010} In some examples, the variables comprise International Electrotechnical

Commission (IEC) addresses.

5  [001%] In some examples, the control element comprises a port having a location
and a logical address. The port comprises a plurality of elements each having a type and

a logical address.

[0012] In some examples, each of the aliases has a format comprising

_1O0_wx_yy_zz, wherein each of the wx, yy, and zz portions indicate information about
10 the port. In this configuration, w indicates the location of the port, x indicates the logical

address of the port, yy indicates the type of one of the plurality of elements, and zz

indicates the logical address of the one of the phuirality of elements.

[0013] A computer readable medium is also provided. The computer readable
medium contains instructions that, when executed by a computer system, direct the

15 computer system to identify a control element used to control a process in a machine
automation environment, identify a plurality of variables used by the control element to
monitor the process, and translate the pluraiity of variables to a plurality of aliases

according to a translation protocol specific to the control element.



monitor the process, and translate the plurality of variables to a plurality of aliases according to a
translation protocol specific to the control element. 4 BRIEF DESCRIPTION OF THE DRAWINGS
100141Figure 1 illustrates a configuration system. 100151Figure 2 illustrates an example of operation
of a configuration system. 100161Figure 3 illustrates a configuration system. 5100171Figure 4
illustrate a table of variables and aliases. [0018]Figure 5 illustrates an example of operation of a
configuration system. 100191Figure 6 illustrates a configuration system comprising multiple
controllers. 100201Figure 7 illustrates a configuratiofi system. 10 DETAILED DESCRIPTION
100211The following description and associated drawings teach the best mode of the invention. For
the purpose of teRehNpHSVENEVERrDEIPHES DFow Naisventional aspects of the best mode may be
simplified or omitted. The following claims specify the scope of the invention. Some aspects of the best
mode may not fall within the scope of 15the invention as specified by the claims. Thus, those skilled in
the art will apprd@H variatfoREFrbiivgTa st Rt ¥ Within the scope of the invention. Those
skilled in the art will appreciate that the features described below can be combined in various ways to

form multiple vajigans of theiqventian-As A esmibidBeAUeRLIesy S Bek MmitRd Ostem.

[0016] Figure 3 illustrates a configuration system.

5 [0017] Figure 4 illustrate a table of variables and aliases.
[0018] Figure 5 illustrates an example of operation of a configuration system.
10019} Figure 6 illustrates 2 configuration system comprising multiple controtlers.
[0024] Figure 7 iliustrates a configuration system.

10 DETAILED DESCRIPTION

[0021] The following description and associated drawings teach the best mode of
the invention. For the purpose of teaching inventive principles, some conventional
aspects of the best mode may be simplified or omitted. The following claims specify the
scope of the invention. Some aspects of the best mode may not fall within the scope of

15 the invention as specified by the claims. Thus, those skilled in the art will appreciate
variations from the best mode that fall within the scope of the invention. Those skilled in
the art will appreciate that the features described below can be combined in various ways
to form multiple variations of the invention. As a result, the invention is not limited to

the specific examples described below, but only by the claims and their equivalents,



the specific examples described below, but only by the claims and their equivalents. 5 [0022]A typical
machine automation environment includes various devices such as pumps, drives, motors, starters,
robots, sensors, switches, actuators, or other devices, including combinations thereof Controllers or
control elements are often used to configure, monitor, or control these devices. Controllers often
interface with multiple 5 devices and have multiple inputs and outputs. The inputs are used to receive
information from the process, system, or devices. The outputs are used to transmit instructions which
have been converted to electrical signals to the procéss, system, or devices [0023]Configuration
software enables a user to configure the controller to operate the devices in a particular manner using

the input and oufpe#s) of the ganirallexachbe AAemaiiallerevasidrsRIRBRRINGIgsWhichig created using
control logic specified by the user. In designing the control logic, a user typically uses variables which
are associated withutnesiniputs. andoou ot ofdhescentrolieswitdpe cifjuthes ussher dwfiavior.
[0024]Figure 1 illustrates configuration system 100. Configuration system 100  comprises
configuration soffif#4ring tomeatiensdistrRintCraoo ks mepiire ke atorlesamdidnment 190.

Machine automatiop environment 190 c rises. process 150. [00251Figure 2 illustrates an example
of operation of c%orﬁrﬁﬁ%%?\ng%t%%oﬁﬁﬁ?g%g %ﬁ‘é_‘&&o?ﬂ?g% eé?gfc%ﬂ lg?eégﬁ‘iai‘ggpela%té%w
parentheticayly. GAIRYFRNA0CSAIMAL A INENHER CIAU Bl AEMENhA0MAIh irdiageldp control
process 150 in machine automation environment 190 (210). Configuration software 110 then identifies

variables 20usedriiy gRMRLSISMRAM, 12Qdadnonikebpintess 184 (@2 shinalyuarniiguiagion

have been converted to electrical signals to the process, system, or devices

[0023] Configuration software enables a user to configure the controller to operate
the devices in a particular manner using the input and outputs of the controller. The

10 controller executes program logic which is created using control logic specified by the
user. In designing the control logic, a user typically uses variables which are associated

with the inputs and outputs of the controller to specify their use or behavior.

[0024] Figure ! illustrates configuration system 100. Configuration system 100
comprises configuration software 110, control element 120, and machine automation

15 environment 190. Machine automation environment 190 comprises process 150.

[0025] Figure 2 illustrates an example of operation of configuration system 100.
The steps of the operation are indicated below parenthetically. Configuration software
110 identifies control element 120 which is used to control process 150 in machine
automation environment 190 (210). Configuration software 110 then identifies variables
20 used by control element 120 to monitor process 150 (220). Finally, configuration
software 110 translates the variables to aliases according to a translation protocol (230).

The translation protocol is specific to the control element.



software 110 translates the variables to aliases according to a translation protocol (230). The
translation protocol is specific to the control element. 6 100261Referring back to figure 1,
configuration software 110 comprises instructions and related data which, when executed by a
processor, allow a user to configure control element 120. The configuration is performed using aliases.
The aliases are identified by translating variables associated with control element 120. 5[0027]Control
element 120 comprises logic circuitry and ports for interfacing with configuration software 110 and
process 150. Control element 120 executes progranflogic provided by configuration software 110 to
control process 150. Control element 120 may be a microcontroller, programmable controller, or other

type of controllefpingjuding rerabinatansdinemest LORRIBIRIOEES 450 opaIRIRsdN machine
automation environment 190. Process 150 comprises any industrial process that may be performed

using machines iostdstisesnitrshazdydeasdscip retessdbihvoiveseenfiglikatieonseaatrol, operation, or
monitoring of an electrical device, mechanical device, sensor, switch, actuator, or combinations
thereof. [0029]FryBfiguws rgatelieisrestiflgtrdie s eyiaermians redrmyd nsirrigsse i iBodiastomprises

processing system. 12t, bs&lg}/ 3 4t controller 320, and machine automation environment 390.
10030]Processify Syt eaTREPS 54 BBISHtTASHSH SURSLPL S 5B MBcessing circuitry capable

of executing configuration software 310. Processing system 312 may be a computer, server,
microprocessor, pgtpble eleiepicisnvice2PtsRmRtipgOdeviIcant pRitiguratiersafiware 310 is an

example of configuration software 110
with configuration software 110 and process 150. Control element 120 executes program
logic provided by configuration software 110 to control process 150. Control element

120 may be a microcontroller, programmable controller, or other type of controller,

including combinations thereof.

10 [0028} Process 150 operates in machine automation environment 190. Process
150 comprises any industrial process that may be performed using machines or devices.
In many cases, process 130 involves configuration, control, operation, or monitoring of

an electrical device, mechanical device, sensor, switch, actuator, or combinations thereof,

{0029] Figure 3 iliustrates configuration system 300. Configuration system 300
15 comprises processing system 312, display 304, controller 320, and machine automation

environment 390,

[0030] Processing system 312 comprises configuration software 310 and
processing circuitry capable of executing configuration software 310. Processing system
312 may be a computer, server, microprocessor, portable electronic device, or computing
20 device. Configuration software 310 is an example of configuration software 110
although configuration software 310 may have an alternate configuration or operate in an

alternate mannet.



although configuration software 310 may have an alternate configuration or operate in an alternate
manner. 7 100311Machine automation environment 390 comprises devices 371-373. Machine
automation environment 390 is an example of machine automation environment 190 although machine
automation environment 390 may have an alternate configuration or operate in an alternate manner.
Devices 371-373 may comprise a pump, a drive, a 5motor, a robot, an automated tool, a test
instrument, a sensor, a switch, an actuator, or automated device, including combinations thereof.
Devices 371-373 perform a process, like process 158, in machine automation environment 390.
100321Controller 320 comprises ports 322 and 326 and an interface for communicating with

processing systqoasi}2. Ports.3RideanthRdtos ivpiamanysel @naralydtGeécombinations of input and
output ports for electrically interfacing with devices 371- 373, or with other devices. The input and
output ports mayMaehiligiaiorastalognoroarcomisif étwor:therdohiGaonbiod en@28tksnan éncamgie of control
element 120 although controller 320 may operate in an alternate manner or have an alternate
configuration. In Beldieagipnaching fenee8oneRTAPEBiRpt REmay hatsiphgnsie piefe o Programmable
15Controller. (0033}%[?)istglay 304 is a device for visuagll}y1 hically.presenting jnformation to a user

QODET;

ra
of processing sy SRTAEAT BIANHOIME) HMECY b IR QAT & TADR BB Schinode ray tube
(CRT), or Ot@er %B%PE%@&FA%%U%&B@XQ&Y%%N instrument, a sensor, a switch, an actuator, or

automated device, including combinations thereof. Devices 371-373 perform a process,

like process 150, in machine automation environment 390.

{0032} Controller 320 comprises ports 322 and 326 and an interface for
communicating with processing system 312. Ports 322 and 326 comprise any of a variety
10 of combinations of input and output ports for electrically interfacing with devices 371-
373, or with other devices. The input and output ports may be digital, analog, or a
combination thereof. Controller 320 is an example of contro! element 120 although
controller 320 may operate in an atternate manner or have an alternate configuration. In
one example, controller 320 may comprise an Allen Bradley Micro 800 Programmable

15 ControHer.

[0633] Display 304 is a device for visually or graphically presenting information
to a user of processing system 312. Display 304 may comprise a liquid crystal display

(LCD), cathode ray tube (CRT), or other type of graphical display device.

[0034] In one example of operation, a user wishes to configure controller 320 in a
20 manner that causes devices 371-373 to behave in chosen manner to control a process in
machine automation environment 390. In this example, device 371 is a fan motor, device

372 is an automated cutting tool, and device 373 is a temperature sensor. The speed of



100341In one example of operation, a user wishes to configure controller 320 in a 20 manner that
causes devices 371-373 to behave in chosen manner to control a process in machine automation
environment 390. In this example, device 371 is a fan motor, device 372 is an automated cutting tool,
and device 373 is a temperature sensor. The speed of 8 the cutting tool is controlled by analog output
327 and the status of the cutting tool is monitored using digital input 328. In addition to controlling the
cutting tool, the user wishes to create a set of rules for the operation of the cutting tool depending on
the temperature indicated by the temperature sensof. For example, the cutting tool may be 5operated
at a lower speed when the temperature exceeds a threshold. The user may also wish the control the

operation of the denwapPhLbES vt pesriiaBnct Stals B taausuttingdteolaswell as the
temperature. Many other possible combinations of devices and operations are possible.
10035]Different typéisrahdsimpdigisabihpuiites| éns:dgpicaliy doavel iffehe ntttypeodticiBguantities of
inputs and outputs. In addition, controllers may have optional plug-in modules or expansion ports that

increase the nuiBSBFSIP fips ORRTS Ay Bagrstaist sl e Birged shpariére woikh using

configuration soggwaglea t_\’:’»%E(Z{t iccr;:gglge metg%t &2 Iorgisce%ls(r}ylis thgt colntr I the,os%erqtion %f devices
371-373, the inptts and GUIpUTS are referancad using vanabRe MR o & tase 8V BfhBles are

automatically created or 1oassianed: Ingiher Sasesdhesevariabiesay br.!Nerpaligng!

Electromechanical Commission (IEC) addresses that follow an industry standard naming scheme. In

many cases, thexnaningeebemapdtienarindtes Haespaaidadiowepsaide Mpkemanimyitive
association between the variables and the physical inputs and outputs they represent. 100361A
graphical representatceriofstivel systerteisperaate dMmingthorfigeitdtiommbinations of devices and

operations are possible.

[0035] Different types and models of controllers typically have different types and

10 quantities of inputs and outputs. In addition, controllers may have optional plug-in
modules or expansion ports that increase the number or types of inputs and outputs
available on the controller. When using configuration software 310 io create the set of
logical rules that control the operation of devices 371-373, the inputs and outputs are
referenced using variables. In some cases, variables are automatically created or

15 assigned. In other cases these variables may be International Electromechanical
Commission (IEC) addresses that follow an industry standard naming scheme. In many
cases, the naming scheme of the variables does not allow a user to make an intuitive

association between the variables and the physical inputs and outputs they represent.

[0036] A graphical representation of the system is created using configuration

20 software 310 and displayed on display 304. Using the graphical representation, the user
creates a set of logical rules, or control logic, which describes the desired relationships
between the inputs, the outputs, the devices, and their states. Rather than use the

variables to reference the inputs and outputs when creating the logical rules, the user



10software 310 and displayed on display 304. Using the graphical representation, the user creates a
set of logical rules, or control logic, which describes the desired relationships between the inputs, the
outputs, the devices, and their states. Rather than use the variables to reference the inputs and
outputs when creating the logical rules, the user 9 makes use of aliases that are associated with the
inputs and outputs. The aliases are formatted in a manner that allows the user to easily understand
which particular input or output an alias refers to, based on the alias itself In other words, the naming
convention provides an intuitive indication of which ifiput or output on controller 320 a particular 5alias
is associated with. 10037]The first step in creating the aliases is to identify controller 320. This

identification may il tRIe RN G- NBEHRCIMEHAIAMIMn B YRR, aHvesiaLosmber, a part
number, or other identifying information. The process may also involve determining whether expansion

modules are attéoheddrindethecrablditibned slotscoidOsinmilestdrDwdichpapidsite thfdased on this
information, the inputs and outputs are identified along with the variables associated with those inputs
and outputs. TheuRisFhatsTseE/ boablanty wesmiwsininssivtesiifchengpesmeptenisr0, modules
attached to controller 320, co_n,fgéjé%tion software 310, or from sources external to configuration

system 300. 15 FO04ET PREPAIEORACAPETANHLERE MSHERMHER TS SiEes L8R S 4 inslation
protocol. The aligic,a%sfs%rsgogg%g wﬂme creation of the control logic. Returning to the previous example

involving the cutting tool, one step in the control logic may specify that digital output 323 should go to a
high state in order to trigger a relay to turn on the fan motor when a reading associated the
temperature sen®03 throughlanalegsiapint G2RROinditatas thatdhe recopestien B2 (haBhpassed a particular
threshold. identification may involve determining a manufacturer, a family number, a model

number, a part number, or other identifying information. The process may also involve

determining whether expansion modules are attached or whether additional slots of

10 controller 320 are populated. Based on this information, the inputs and outputs are
identified along with the variables associated with those inputs and outputs. The
information may be obtained from many sources including controller 320, modules

attached to controlier 320, configuration software 310, or from sources external to

configuration system 300.

15 [6038] The variables are translated to more intuitive aliases using a translation
protocol. The aliases are used in the creation of the control logic. Returning to the
previous example involving the cutting tool, one step in the control logic may specify that
digital output 323 should go o a high state in order to trigger a relay to turn on the fan
motor when a reading associated the temperature sensor through analog input 329

20  indicates that the temperature has passed a particular threshold.

i0039] The aliases are formatted in a manner that altows the user to understand

which input or output is being referenced based on the alias itself. In other words, the



[0039]The aliases are formatted in a manner that allows the user to understand which input or output
is being referenced based on the alias itself. In other words, the 10 alias for digital output 323 may
contain information indicating it is the first digital output on the first port of controller 320. Similarly, the
alias for analog input 329 may contain information indicating it is the first analog input on the second
port of controller 320. In contrast to the aliases, using the variables instead to complete the
programming task may 5have made the task more difficult. This is true because the variables may be
arcane or less intuitive and may require a user to pe‘r@orm further lookup or translation to determine
which variables are associated with which physical input or outputs on the controller. 1004010nce a
graphic represeatatigs @igthaEcaqntrallogie ismigaiedrising theialiagesiscRnfiguiation seftvare 310
converts the graphical representation to program 10logic. The conversion process may involve
compiling or anaththe prscassofittictiodonizttsSinelabntholdogi dormBiguchors Umderstamdable by the
logic and circuitry of controller 320. This conversion process includes translating each of the aliases

back to the origif4P PatiqBIBdicatBediig s fHet B2aIdBRH Pt s cetondheprRigRarRsg 2 dansferred to

controller 320 bBé Aorocess' gjg?ﬁg/stsemﬁl under, }he diregtion of onfE\geuration saftware 15310.

. ntrast {0 SES,. USIn e vanab msiead 10 complete TOOTain 13, a ‘g .
Controller 320 is" configured to utilize operate fhé Inputs to of)era e devices 372379%s specified in

the control agic hy, eXeeUHP %P6 OGBS i 1ORG 0 AV aIIANANLRS g arple gescribed above,
the aliases may also be transferred to controller 320. Although the aliases may not be used in the
operation of contsaliaa3aR athring:taeialinses with-ihe piageamolagiorpakesithasdavailakle for later

which variables are associated with which physical input or outputs on the controller.

{0640] Once a graphic representation of the control logic is created using the
aliases, configuration software 310 converts the graphical representation to program

10 logic. The conversion process may involve compiling or another process which converts
the control logic to instructions understandable by the logic and circuitry of controller
320. This conversion process includes translating each of the aliases back to the original
variable according to the translation protocol. The program logic is transferred to
controlier 320 by processing system 312 under the direction of configuration software

15 310. Controller 320 is configured to utilize or operate the inputs to operate devices 371-

373 as specified in the control logic by executing the program logic.

[0041] In a variation of the example described above, the aliases may also be
transferred to controller 320. Although the aliases may not be used in the operation of
controtler 320, storing the aliases with the program logic makes them available for later
20 use in decompiling, reverse engineering, or otherwise converting the program logic back
to control logic. If processing systemn 312, configuration software 310, or the translation

protacol has otherwise changed or is not available, the availability of the aliases may



20 use in decompiling, reverse engineering, or otherwise converting the program logic back to control
logic. If processing system 312, configuration software 310, or the translation protocol has otherwise
changed or is not available, the availability of the aliases may 11 make this process easier. In
addition, the translation protocol may be transferred to controller 320 in conjunction with the aliases.
[0042]Figure 4 illustrates a table containing example variables and aliases Each row of the table is
associated with a different element on a controller where an element is 5an input or output. In addition
to indicating whether the input or output is analog orldigital, the table also indicates the location of
each. The location may indicate that the element is embedded in the controller, in an expansion slot, in
an expansion megktehidpidcaspligidn Madditonl e secondcolumuintheyasalpia.0EC address,
which is associated with each of the inputs and outputs. The last column indicates the alias that is
created for 10eaxshtvelltaBlé ressadimmiohevitafslatienasprotocol for the particular controller being used. In
some cases, the translation protocol may be implemented in the form of a lookup table or database. In

addition, different,translation.protocals may be used depending on the .specific configuration of the
controller. [0043 %éﬁ?e exar‘%pf%lér% f%uﬁggg, 3e%1acl:) Y a |3%l}§nﬁﬁx é% 895 Bﬂe\l/ﬁe%)\s/%n éhag?g%st%%nd 15begins

with "0" to indicaig,thatill tefete IQaminPWHRY BN Bt cormaciarndicGaies helaeatign of the

input/output in the controller. For example, the alias in row 3 is associated with a digital input in UPM
slot 1. In thesalias fapdhis sapuit. thedBiidndicatisthatihishandapaiioviputpiial isasseciated with a
plug-in port. The sixth character indicates the logical address of the port, if any. For example, in row 3,
the "I" 20indicatekeirhtibhighivationdpatds thskuetatedf with - alhkig<atiponiayirdieias: shdotjical address "I
within the controller. The seventh and eight characters indicate the type of the particular input/output,
or element. For EXEHTHIS, TANIIFS s soFrmire et serensiaitel g PRmsing, 19duksPhifo characters

indicate the '09'%35198-9{%50 »ﬂfethﬁ]? Saég«!)% l%lumn is the variable, or IEC address, which is associated

with each of the inputs and outputs. The last column indicates the alias that is created for
10 each variable based on the translation protocol for the particular controller being used. In

some cases, the translation protocol may be implemented in the form of a lookup table or

database. In addition, different translation protocols may be used depending on the

specific configuration of the controller.

j6043] In the exampie of figure 4, each alias is made up of twelve characters and
15 begins with “_IO_” to indicate that it refers to an input/output. The fifth character
indicates the location of the input/output in the controlier. For example, the alias in row 3
is associated with a digital input in UPM slot 1. In the alias for this input, the “P”
indicates that it is an input/output that is assoctated with a plug-in port. The sixth
character indicates the logical address of the port, if any. For example, in row 3, the “1”
20 indicates that this input/output is associated with a plug-in port which is at iogical address
“I™ within the controlier. The seventh and eight characters indicate the type of the
particular input/output. or element. For example, in row 3, the “DI” indicates it isa

digital input. Finally, the last two characters indicate the logical address of the particular



12 element within the port. Continuing with row 3, the digital input is at logical address "01" within
plug-in port PI. It should be understood that many other alias formats are possible. 100441Figure 5
illustrates another example of operation of one of the 5configurations systems described herein. When
executed on a processing system, configuration software requests identification from the controller.
The identification may be a model number of the controller or other identifying information. Based on
receipt of the identification, the configuration software identifies the available inputs and outputs on the
controller and the variables associated with those in]:?uts and outputs. The 10configuration software
then transfers these variables to a translation table in order to perform a translation or look-up process.
Each variable iscieanslatétlitalrpaliasottiahiogldiberswm detisidadihmbting trapgiatiandprecess may be
performed within the configuration software or in another location. [0045]Using graphical configuration
tools provided bylthevebifijugatoarsbitwareou Stivamisasterd sheswonivtielrdies deswribing the desired
operation of devices controlled by the controller. The user specifies the behavior of the devices by
referring to the RERISf the inputs and outputs by their aliases. When complete, the control logic is
converted to a program or set of instructions that can be utilized by the controller. These instructions

are also known gmpipgram jogie ARRALRLIIS RO e Riasss.arad@aslated or 20 converted
back to the variables. The program logic is transferred to the controller and executed by the controller

to control thé proceSsandrdeyices. dtshbedddreinndeestood thatdheeonirohjogitemay also be
converted within the controller. 13 100461in the final step of figure 5, the aliases are optionally
transferred to theonfiguration software requests identification from the controller. The identification may

be a model number of the controller or other identifying information. Based on receipt of

the identification, the configuration software identifies the available inputs and outputs on

the controller and the variables associated with those inputs and outputs. The

10 configuration software then transfers these variables to a iranslation table in order to
perform a translation or look-up process. Each variable is transiated to an alias. 1t should

be understood that the translation process may be performed within the configuration

software or in another location.

[0045] Using graphical configuration tools provided by the configuration software,

I5  the user creates controf logic describing the desired operation of devices controlled by the
controlier. The user specifies the behavior of the devices by referring to the states of the
inputs and outputs by their aliases. When complete, the control logic is converted to a
program or set of instructions that can be utilized by the controller. These instructions
are also known as program logic. As part of this process, the aliases are translated or

20 converted back to the variables. The program logic is transferred to the controller and
executed by the controller to control the process and devices. It should be understood

that the control logic may also be converted within the controller.



controller. Many formats are possible and transfer of the aliases may include a dedicated translation
table that maps each of the aliases to the variables for this set of program logic, if the program logic is
uploaded from the controller at a later time, the aliases and 5 associated information may be uploaded
along with the program logic. This allows the aliases to be used in conjunction with the program logic
to view or modify the program logic even if the original configuration software or translation table may
not be available at that time. 10047]Figure 6 illustrates configuration system 600 that comprises
multiple 10 controllers from multiple manufacturers. Eontrollers A, B. and C are examples of control
element 120 and controller 320. Controllers A, B, and C are interfaced to devices X, Y, and Z,
respectively. Coftbelier A is buppliad eemarigiaetnad dysenarmaptvfatiurasthile wamirollers B and C
are supplied or manufactured by a different manufacturer. Consequently, they may use different
variables, have diffixaist tidart-tionapreropsiiblo and menkicn 008 2ifises configurdtonisbéaiedre of figure 6
is an example of configuration software 110 and configuration software 310. The single instance of

configuration soffRFI &R st ab e pirssd b Brtratiahies (it a5eol SrEGRIPation software, a

user may create contrﬁlt{jo ic for a‘l three c]%ra]g Ilg(r)s lﬁ?in aliases aﬁsociated with each gf 20the three
e

1600 % Sthe a1
controllers. Becalise the CONGrofiers are rom diterent manuiacturers %ﬁr&'%%f/hﬁg\}%sﬁglﬁ‘érent

configurations or ERIACE R edhR NGy RS0V URgS R WiiRiedrRRRI4AN Rigicgls to translate

the variables associated with each controller to aliases. In this example, a different translation protocol
is used for contraligss B Baokéd thamforctsh contiadlerobchrtatise ey armsdipplirlbyrandifferent
manufacturer. In addition, the translation protocols for controller B and C may be variations or
sub-protocols oflagsrerees] terahzinsheenbizuatiner s¢0048] i waysldetiontds this eoxtdnplellabbiditional
characters may be appended to the 5aliases to indicate which controller each is associated with.
[0050]In a config"ﬂi‘g H%ystem like that of figure 6, the programming task

[0047} Figure 6 illustrates configuration system 600 that comprises multiple

10 controllers from multiple manufacturers. Controllers A, B, and C are examples of control
element 120 and controller 320. Controllers A, B, and C are interfaced to devices X, Y,
and Z, respectively. Controller A is supplied or manufactured by one manufacturer while
controllers B and C are supplied or manufactured by a different manufacturer.
Consequently, they may use different variables, have different translation protocols, or

15 both.

{0048] The configuration software of figure 6 is an example of configuration
software 110 and configuration software 310. The single instance of configuration
software interfaces to the three separate controllers. Using the configuration software, a
user may create control logic for all three controllers using aliases associated with each of
20 the three controllers. Because the controllers are from different manufacturers and may
have different configurations or protocols, the configuration software uses multiple
translation protocols to translate the variables associated with each controller to aliases.

In this exampile, a different translation protocol is used for controllers B and C than for



associated with creating control logic for the three controllers is simplified. The user is able to create
logic for the multiple controllers using intuitive aliases, which use a same or similar format, even
though the controllers may internally use variables with different 10formats. This is accomplished
through use of the multiple translation protocols. The control logic is converted to three separate
blocks of program logic, one for each controller. Each of the blocks of program logic is converted using
the appropriate translation protocol for that controller. [0051]It should be understood that controllers
may be divided among multiple 15translation protoc]o s based on manufacturer as illustrated in figure 6
or based on other factors including model, product family, function, features, other factors, or
combinations thengoflidt shwataseehandersigoddhattdaiistati orpiatagets imajdbeindieided in the
configuration software, loaded from the controller, accessed from a location separate from the

configuration sofREAE0B PrtewlsEY seredanBene Caietrorki2oM0s sikbigivrectiiifstrates configuration

system 700. Configg?ur t{(?)n system 700 is an example of configuration system 100, configuration
system 300, and"88SAGUFAREME)UfEHEH0. Configuration system 700 comprises control element 710,
processing 15 system 720, and communication interface 730. Processing system 720 is linked to

control element [gdgppnd commumicativarintesassié SRithrengbreameuRisasionialks  108e31Control
element 710 comprises inputs 713 and outputs 714. Inputs 713 and outputs 714 communicate with

automation #levidese? 80iadichZ3thsheroostiensmic &tiosobidialt svitthese communications may occur over
metallic, wireless, or optical links. Automation devices 780 and 790 are examples of devices 371-373

offigure 3 and dgylqps X2 i fgure, 5 100S41Cprunicalion fptgiace 730 compyises componens

associated with creating control logic for the three controllers is simplified. The user is
able to create logic for the multiple controliers using intuitive aliases, which use a same
or similar format, even though the controllers may internally use variables with different
10 formats. This is accomplished through use of the multipie translation protocols. The
control logic is converted to three separate blocks of program logic, one for each
controller. Each of the blocks of program logic is converted using the appropriate

translation protocol for that controlier.

[0051] It should be understood that controliers may be divided among maultiple

15  translation protocois based on manufacturer as illustrated in figure 6 or based on other
factors including model, product family, function, features, other factors, or combinations
thereof. It should be understood that translation protocols may be included in the
configuration software, loaded from the conwrolier, accessed from a location separate

from the configuration software, or accessed remotely over a network.

20 [0052] Figure 7 illustrates configuration system 700. Configuration system 700 is
an example of configuration system 100, configuration system 300, and configuration

system 500. Configuration system 700 comprises control element 710, processing



with communication devices 780 over communication links. Communication interface 10730 may be
configured to communicate over metallic, wireless, or optical links. Communication interface 730 may
be configured to use TDM, IP, Ethernet, optical networking, wireless protocols, communication
signaling, or some other communication format, including combinations thereof. The communication
may utilize network cards, ports, RF transceivers, or other devices. Communication devices 780 may
include a 15storage system, display, a keyboard, a router, a mouse, a server, a user interface, or other
device. [0055]Processing system 720 includes procé%sor 721 and memory system 722. Processor 721
includes microprocessor or other circuitry that retrieves and executes operating software from memory
system 722. Mesypoey: S¢8tend d@inaoinpiiscintsaity a0, 20 c2siMdemery BysielkédZomay be
implemented using random access memory, read-only memory, a hard drive, a tape drive, flash
memory, opticalc8isitgEmsaotihl ard spromrsRyanaiie f2ae/ob e Sbiwareurizgicotinhises operating
system 724 and configuration software 725. Configuration software 725 is an example of configuration

software 110, cqpiiyration egWaLe 20 -A0d.Ihs: configuianan.seinare ofiguge.e, Gonfiguration

software 725 comprises control element and var entification module 72 translation

module 727. SofiakRpGAY MAyrmism eer RIS eRdgiienal GempUiEH B9 B, JEMYYRIS: A some other
form of non-transitory, machine-readable processing instructions. [0057]When executed by processor
721, operatifig siusitenTh2d cdiraoisignbesssangccur over metallic, wireless, or optical links.

Automation devices 780 and 790 are examples of devices 371-373 of figure 3 and

devices X-Z of figure 5.

|0054] Communication interface 730 comprises components that communicate
with communication devices 780 over communication links. Communication interface

10 730 may be configured to communicate over metallic, wireless, or optical links.
Communication interface 730 may be configured to use TDM, IP, Ethernet, optical
networking, wireless protocols, communication signaling, or some other communication
format, including combinations thereof. The communication may utilize network cards,
ports, RF transceivers, or other devices. Communication devices 780 may inciude a

[5  storage system, display, a keyboard, a router, a mouse, a server, a user interface, or other

device.

[0055] Processing system 720 includes processor 721 and memory system 722.
Processor 721 includes microprocessor or other circuitry that retrieves and executes
operating software from memory system 722. Memory system 722 comprises software
20 723. Memory system 722 may be implemented using random access memory, read-only
memory, a hard drive, a tape drive, flash memory, optical storage, or other memory

apparatus.



system 720 to operate configuration system 700 as described herein using configuration 10software
725. Configuration software 725 directs configuration system 700 to identify a control element and
identify variables used by the control element using module 726. Then, configuration software 725
directs configuration system 700 to translate the variables to a plurality of aliases using translation
module 727. [0058]The above description and associated figures teach the best mode of the
15invention. The following claims specify the scope of the invention. Note that some aspects of the
best mode may not fall within the scope of the inventfon as specified by the claims. Those skilled in the
art will appreciate that the features described above can be combined in various ways to form multiple
variations of thejb@sention. Asfasesolt; thepveniieringofdieniten mdhemspacifienartoadiments
described above, but only by the 20following claims and their equivalents. 17 CLAIMS What is
claimed is: |.A cotapliarimsaiion eofreatiufSHavmyanoteof tradiominstmatiersitiiat, when executed by a

computer system, direct the computer system to: Sidentify a control element used to control a process
in a machine aufB?ﬁﬁﬁ’@ﬂoé‘rf\?ﬁWﬁFﬁ ahp» dnd the configuration Software of figure 5. Configuration

software 725 comprises control element and variable identification module 726 and

Lh

rranslation module 727. Software 723 may also comprise additional computer programs,
firmware, or some other form of non-transitory, machine-readable processing

instructions.

joasT} When executed by processor 721, operating system 724 directs processing
system 720 to operate configuration system 700 as described herein using configuration

10 software 725. Configuration software 725 directs configuration systerm 700 to identify a
control element and identify variables used by the control element using module 726,
Then, configuration software 725 directs configuration system 700 to translate the

variables to a plurality of aliases using translation module 727.

[0658] The above description and associated figures teach the best mode of the

15 invention. The following claims specify the scope of the invention. Note that some
aspects of the best mode may not fall within the scope of the invention as specified by the
claims. Those skilled in the art will appreciate that the features described above can be
combined in various ways to form multiple variations of the invention. As a result, the
invention is not limited to the specific embodiments described above, but only by the

20 following claims and their equivalents.



identify a plurality of variables used by the control element to monitor the process; and translate
the plurality of variables to a plurality of aliases according to a 10translation protocol specific to the
control element. 2.The computer readable medium of claim 1, wherein the instructions, when executed
by the computer system, further direct the computer system to: display a graphical representation of
control logic implemented by the control 15element to control the process, wherein the graphical
representation includes the aliases; and  convert the graphical representation to program logic
including translating the aliases to the variables accUrding to the translation protocol. 203.The
computer readable medium of claim 2 wherein the instructions, when executed by the computer
system, further ditadMbe computer system to transfer the program logic to the control element. 18
4.The computer readable medium of claim 3 wherein the instructions, when executed by the computer
system, further direct the.computer system to transfer the aliases to the control element. 55.The
computer readaBiReHEdRRT S EIaim 3 wherein the control logic is implemented in the control element
by way of executing the program logic.

L. A computer readable medium having stored thereon instructions that, when
executed by a computer system, direct the computer system to:
5 identify a control element used to control a process in a machine automation
environment;
identify a plurality of variables used by the control element to monitor the
process; and
translate the piurality of variables to a plurality of aliases according to a

10 wanslation protocol specific to the control element.

2. The computer readable medium of claim 1, wherein the instruétions, when
executed by the computer system, further direct the computer system to:
display a graphical representation of control logic implemented by the control
15 element to control the process, wherein the graphical representation includes the aliases;
and
convert the graphical representation to program logic including translating the

aliases to the variables according to the translation protocol.

20 3, The computer readable medium of claim 2 wherein the instructions, when
executed by the computer system, further direct the computer system to transfer the

program logic to the control element.



6. The computer readable medium of any one of the preceding claims wherein the variables comprise
International Electrotechnical Commission (IEC) addresses. 10 7. The computer readable medium of
any one of the preceding claims wherein the control element comprises a port having a location and a
logical address, and wherein the port comprises a plurality of elements each having a type and a
logical address 158.The computer readable medium of claim 7 wherein each of the aliases has a
format comprising JO_wx_yy zz, and wherein each of the wx, yy. and zz portions indicate information
about the port. 9.The computer readable medium oflélaim 8 wherein: 20w indicates the location of the
port; x indicates the logical address of the port; yy indicates the type of one of the plurality of elements;
and zz indicatesithe |oflicabagdsice ssaddtiienediard bitea il Uralityroh alemanigiod dkknA method
comprising:  identifying a control element used to control a process in a machine automation
environment;  execugpdiifiincompiintaiitteot. Varizdisecisbel doynthiteTensteol olemmefst teemonitor e
5process: and translating the plurality of variables to a plurality of aliases according to a translation

protocol specificlBHeoBhBelsaset

5 5 The computer readable medium of claim 3 wherein the control logic is

implemented in the control element by way of executing the program logic.

6. The computer readable medium of any one of the preceding claims wherein the
variables comprise Interpational Electrotechnical Commission (IEC) addresses.

10
7. The computer readable medium of any one of the preceding claims wherein the
control element comprises a port having a location and a logical address, and wherein the

port comprises a plurality of elements each having a type and a logical address.

15 8. The computer readable medium of claim 7 wherein each of the aliases has a
format comprising _10_wx_yy_zz, and wherein each of the wx, yy. and zz portions

indicate information about the port.

9. The computer readable medium of claim 8 wherein:
20 w indicates the location of the port;
x indicates the logical address of the port;
yy indicates the type of one of the plurality of elements; and

zz indicates the logical address of the one of the plurality of elements.



11. The method of claim 10 further comprising: 10displaying a graphical representation of control logic
implemented by the control element to control the process, wherein the graphical representation
includes the aliases; and converting the graphical representation to program logic including
translating the aliases to the variables according to the translation protocol. 15 P.The method of claim
11 further comprising transferring the program logic to the control element. 13. The method of claim
12 further comprising transferring the aliases to the control 20element. 14. The method of claim 12
wherein the control logic is implemented in the contfdl element by way of executing the program logic.
20 15. The method of any one of claims 10 to 14 wherein the variables comprise International
ElectrotechnicaliGommissibsd(fakyraddresses. 16. The method of any one of claims 10 to 15 wherein
the control element comprises 5a port having a location and a logical address, and wherein the port
comprises a plurality oflesiéfyisgiesceriet] Hlaming wsey pecanttbhd otfiess v reashine automation

environment;
identifying a plurality of variables used by the control eiement to monitor the
5  process; and
translating the plurality of variables to a plurality of aliases according to a

transiation protocol specific to the control element.

I1. The method of claim 10 further comprising:

10 displaying a graphical representation of control logic implemented by the control
element to control the process, wherein the graphical representation includes the aliases;
and

converting the graphical representation to program logic including translating the
aliases to the variables according to the translation protocol.

15
12. The method of claim i1 further comprising transferring the program logic to the

control element.

13, The method of claim 12 further comprising transferring the aliases to the control

20  element.

14, The method of claim 12 wherein the control logic is implemented in the control

element by way of executing the program logic.



17. The method of claim 16 wherein each of the aliases has a format comprising _10_wx_yy zz, and
wherein each of the wx, yy, and zz portions indicate information 10about the port. 18. The method of
claim 17 wherein: w indicates the location of the port; x indicates the logical address of the port; 15yy

indicates the type of one of the plurality of elements; and zz indicates the logical address of the one of
the plurality of elements.

10

15

20

15. The method of any one of claims 10 to 14 wherein the variables comprise

International Electrotechnical Commission (IEC) addresses.

16. The method of any one of claims 10 to 15 wherein the control element comprises
a port having a location and a logical address, and wherein the port comprises a plurality

of elements each having a type and a logical address.

17. The method of claim 16 wherein each of the aliases has a format comprising

_10_wx_yy_zz, and wherein each of the wx, yy, and zz portions indicate information

about the port,

18. The method of claim 17 wherein:
w indicates the location of the port;
x indicates the logical address of the port;
yy indicates the type of one of the plurality of elements; and

zz indicates the logical address of the one of the piurality of elements.



