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MONITORING AN AUTOMATION SYSTEM
Background
[0001] In the automation field, and more specifically during operational machine
planning for a plant, an engineer traditionally creates a model that describes the operation a
machine or system which will later be involved in the plant operation phase. For Example a
mechanical model of a lifting apparatus is illustrated in FIGs 1A-1H.

[0002] Referring to FIG 1A, the lifting apparatus 100 has securing ends 110, rollers 120,
a surface 115, and a lifter 130. The securing ends 110 may move up and down and are shown
in an up position in FIG 1A. The lifter 130 may raise or lower the surface 115 and is shown
in a lower level position in FIG 1A. Referring to FIG 1B, the securing ends 110 are moved
down into a down position. Referring now to FIG 1C, the rollers 120 rotate to convey a
parcel 140 onto the surface 115 of the lifting apparatus 100. As shown in FIG 1D, at a time
after the parcel 140 is located on the surface 115 of the lifting apparatus 100, the securing
ends 110 are moved up. In particular, the securing ends 110 move from the down position to
the up position in order to secure the parcel 140 onto the lifting apparatus 100. As shown in
FIG 1E, the lifter 130 raises the surface 115 from the lower level position to upper level
position. Referring now to FIG 1F the securing ends 110 move from the up position to the
down position. In Figure 1G, the rollers 120 rotate to convey parcel 140 off the surface 115
of the lifting apparatus 100. Referring to Figure 1H, the securing ends 110 are moved up from
the down position to the up position. The lifter 130 lowers the surface 115 from the upper

level to the lower level as shown in FIG 1A.

[0003] Gantt Charts are commonly used to illustrate a project flow for project
management purposes and to illustrate automation control. In FIG 2, a Ganit chart provides a
mechanical model which illustrates a sequence flow of the mechanical operation of the lifting
apparatus of FIGs 1A-1H.

[0004]  In order to program digital controllers to operate the machines of an automation
system, the mechanical model is traditionally given to an engineer that is familiar with
programmable logic controller (PLC) programming. This engineer abstracts the mechanical
model and creates the PLC runtime software that realizes the requirements described in the

mechanical model.

[0005] The abstraction of the mechanical model depends on the programming method the
engineer chooses. Examples of methods for programming a PLC include Statement List
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(STL), Ladder Logic, and Step Chain Programming. In each of these cases, the programming
requires a manual abstraction. A manual abstraction is time consuming and tends 1o be error-

prone.

Summary of the Invention
[0006] An output signal behavior in a modeling of an automation system is defined in the
present disclosure. An electrical sequence flow of the automation system is displayed, for
example, on an electronic display device. The electrical sequence flow includes a plurality of
electrical steps from which an electrical step is identified. In addition, a signal line produced
from the electrical step is identified. The identified electrical step and signal line are coupled
to indicate that the electrical step produces the signal line and the display of the electrical
sequence flow include a visual representation of the coupling. For example, the visual
representation of the coupling includes a line drawn from the identified first electrical step to

the signal line.

[0007] A user interface effective to receive input from a user and to graphically display
the electrical sequence flow on the electronic display device may be provided. Thus, an input
may be received via the user interface as a result of the user identifying the electrical step.
Likewise an input may be received from the user interface as a result of the user identifying
the signal line. The user interface may include a mouse such that a user places a mouse cursor
over the step and/or signal line and subsequently clicks the mouse in order to identify the
respective step and/or signal line. The user interface may include a keyboard having

predefined keys assigned to identify the step and/or signal line.

[0008] In one embodiment, the signal line may be altered by the user to set and/or reset at
least a portion of the signal line. For example, the reset may be at: the beginning of the
identified electrical step, the end of the identified electrical step, the beginning of a further
electrical step, or end of the further electrical step. Likewise the set may be at: the beginning
of the identified electrical step, the end of the identified electrical step, the beginning of a
further electrical step, or end of the further elecirical step.

[0009]  The present disclosure further provides for altering a modeling of an automation
system to insert a proxy step. At least one valid position in an electrical sequence flow of the
automation system in which a proxy step could be inserted into an electrical sequence flow is
determined. The electrical sequence flow is displayed, for example, on an electronic display

device. The electrical sequence flow pertains to a plurality of resources and includes a
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plurality of electrical sequence elements which may be, for example, an electrical step or an
electrical transition. The plurality of electrical sequence elements includes a first electrical
step. The electrical sequence flow further includes an icon for each of the determined at least
one valid position. An icon to be replaced by a new proxy step is identified and subsequently
replaced with the new proxy step. Transitions effective for the new proxy step to be parallel
to the first electrical step are added and the electnical sequence flow 1s displayed after the

replacing the icon and the adding electrical transitions.

[0010] A user interface effective to receive input from a user and to graphically display
the electrical sequence flow on the electronic display device may be provided. Thus, an input
may be received via the user interface as a result of the user identifying the icon. The user
interface may include a mouse so that a user places a mouse cursor over the icon and
subsequently clicks the mouse in order to identify the respective icon. The user interface may

include keyboard having predefined keys assigned to identify the icon.

[0011] The adding of the transitions may be achieved by different embodiments. For
example the adding the transitions may be automatic or manually. In one embodiment, the
adding the transitions includes adding a first electrical transition and an electrical second

transition.

[0012]  The first electrical transition visually connects a second electrical step to the new
proxy step such that the first electrical transition is effective to transition from the second
electrical step to the proxy step. Altematively, the first electrical transition visually connects
a global start step to the new proxy step such that the first electrical transition is effective to

transition from the global start step to the proxy step.

[0013] The second electrical transition visually connects the proxy step to a third
electrical step such the second electrical transition effective to transition from the new proxy
step to the third electrical step. The second electrical transition may alternatively visually
connects the proxy step to a global end step such that the second electrical transition effective

to transition from the new proxy step to the global end step.

[0014]  The second electrical step may be determined by only the time scale or by
resource. In one embodiment, the second electrical step is immediately previous to the proxy
step according to a time scale. In another embodiment, the second electrical step is
immediately previous to the proxy step respective to the resource associated with the newly

added proxy step. Likewise, the third electrical step may be determined by only the time scale
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or by resource. In one embodiment, the third electrical step is immediately after the proxy
step according 1o a time scale. In another embodiment, the third electrical step is immediately

after the proxy step respective to the resource associated with the newly added proxy step.

[0015] It is possible to alter a third transition from the first electrical step. In one
embodiment the third transition is altered by changing the third transition to visually connect
the first electrical step to the global end step. The third transition is effective to transition
from the first step to the global end step.

[0016] In another embodiment, the third transition is altered from the first electrical step
by changing the third transition to visually connect the first electrical step to a fourth
electrical step related, the first electrical step and the fourth electrical step associated to a
same resource. The third transition is effective to transition from the first step to the fourth

electrical step.

[0017]  The proxy step may be deleted after it has been added. In one embodiment the
electric transitions that were added are deleted. Altered electrical transitions may be altered to
be what they were prior to the adding of the proxy step. In a preferred embodiment, when the
proxy step is deleted, the sequence flow is place back to how it was prior to the adding of the
proxy step in regards to the electrical transitions added are altered for the adding of the proxy
step

[0018]  The present disclosure further provides a method for replacing a mechanical
sequence element in a modeling of an automation system. A mechanical sequence flow of the
automation system is displayed, for example, on an electronic display device. The mechanical
sequence flow includes a plurality of mechanical sequence elements which may be, for
example, a mechanical step or a mechanical transition. The mechanical step is an action to be
performed by a resource and the mechanical transition indicates a change of the mechanical
sequence flow mechanical steps. A mechanical sequence element is identified from the
plurality of mechanical sequence elements. The identified mechanical sequence element is
removed from the plurality of mechanical sequence elements thereby removing the identified
mechanical sequence element from the mechanical sequence flow. A new mechanical
sequence element is received. The mechanical sequence flow is altered by adding the new
mechanical sequence element to the mechanical sequence flow. After altering the mechanical

sequence flow the mechanical model is displayed.

[0019] A user interface effective to receive input from a user may be provided. Thus, an
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input may be received via the user interface as a result of the user identifying the mechanical
sequence element. The user interface may include a mouse such that the user places a mouse
cursor over the mechanical sequence element and subsequently clicks the mouse in order to
identify the respective mechanical sequence element. The user interface may include

keyboard having predefined keys assigned to identify the mechanical sequence element.

[0020] A time scale may be included such that each of the plurality of mechanical
sequence element including a starting time and ending time in respect to the time scale. In
one embodiment the starting time and the ending time for the mechanical transition is the

same.

[0021] After removing the identified mechanical sequence element and before receiving
the input indicating a mechanical sequence element that is new, the mechanical sequence
flow may be displayed. The display may include a gap in display of the mechanical sequence
flow. The gap is relative to the time scale and formed starting at the starting time of the
identified mechanical sequence element and ending at a time greater than the starting time of
the gap. The adding the new element to the mechanical sequence flow may include adding
the new element so that the start time of the new element is at a time corresponding to the
beginning of the gap. The gap may then be altered in the display such that beginning of the
gap is at an ending time of the added mechanical sequence element.

[0022] An input may be received via the user interface as a result of the user indicating to
finish the mechanical sequence flow. Different types of finishing the mechanical sequence
flow may be indicated. For example, the user may indicate to complete the replacing of the
mechanical element in which case the gap is removed from the display of the mechanical
sequence flow. Another example may that the user may indicate to cancel the replacing of the
mechanical element in which case the mechanical sequence flow is restored to comprise the
mechanical sequence elements that existed before the identifying the mechanical sequence
element from the plurality of mechanical sequence elements and the mechanical sequence

flow is displayed.

[0023) In one embodiment an electrical sequence flow is not displayable after the
identifying of a mechanical sequence element from the plurality of mechanical sequence

elements until the receiving input from the user effective to finish the replacing.

[0024] The present disclosure further provides a dynamic view definition in a modeling

of an automation system. A first sequence description of a model of the automation system is
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displayed, for example, on an electronic display device. The first sequence description
includes a first sequence flow and is contained in a first file. A first object is identified from

the displayed first sequence flow.

[0025] A second sequence description of the model of the automation system is displayed
for example, on the electronic display device. The second sequence description includes a
second sequence flow of the automation system and is contained in a second file. The second

object identified from the displayed second sequence flow.

[0026] The first sequence description is lined to the second sequence description via a
first extemal link in the first file, the linking after the identifying the second object. Likewise,
the second sequence description is linked to the first sequence description via a second
extemal link in the second file, the linking after the identifying the first object.

[0027] In one embodiment, the first and second sequence flows are mechanical sequence
flows each having a plurality of mechanical steps. The identified first object is a beginning of
one of the plurality of mechanical steps in the first sequence flow or an ending of one of the
plurality of mechanical steps in the first sequence flow. The identified second object is a
beginning of one of the plurality of mechanical steps in the second sequence flow or an
ending of one of the plurality of mechanical steps in the second sequence flow. The identified
first object may be identified as an external transition in and the identified second object may
be identified as an extemal transition out such that an external transition is added from the
identified first object to the identified second object.

[0028] In another embodiment the first and second sequence flows are electrical sequence
flows each having a plurality of electrical steps. The first object may be a beginning of one of
the plurality of electrical steps in the first sequence flow or an ending of one of the plurality
of electrical steps in the first sequence flow and the identified second object may be a
beginning of one of the plurality of mechanical steps in the second sequence flow or an
ending of one of the plurality of mechanical steps in the second sequence flow. The identified
first object may be a one of the plurality of electrical steps, and the identified second object
may be an electrical signal line. The first object may be an electrical transition starting from
the first sequence flow and the identified second object may be an electrical signal line. The
identified first object may be identified as an external transition in and the identified second
object may be identified as an external transition out such that an extemal transition is added

from the identified first object to the identified second object.
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[0029] A visual representation of the external link may be provided. The visual
representation may be based on the type of external link such as an extemal transition,

condition, or a signal.

[0030] In one embodiment the displays are separate meaning not concurrent in the same

display. In another embodiment the displays are together in the same display.

[0031] A user interface effective to receive input from a user may be provided. Thus, an
input may be received via the user interface as a result of the user identifying the first and
second objects. The user interface may include a mouse such that a user places a mouse
cursor over the identified object and clicks the mouse in order to identify the respective
object. The user interface may include a keyboard having predefined keys assigned to

identify the respective object.

[0032] The present disclosure further provides a method for providing alternative paths.
A mechanical sequence flow comprising a plurality of mechanical sequence elements is
displayed, for example, on an electronic display device. An alternative section is identified
from the plurality of mechanical sequence elements, the altemative section including an
original path. The original path may be defined from mechanical sequence elements within

the alternative section. An alternative path is created within the altemative section

[0033] In one embodiment, the identifying of an altemative section includes identifying a
starting point for an alternative section, and identifying an ending point for the alternative
section. The alternative path is created starting from the starting point and ending with the
ending point. The starting point may be identified from a start or end of one of the plurality of
mechanical sequence elements. Likewise the ending point may be identified from a start or
end of one of the plurality of mechanical sequence elements, the ending point occurring after
the starting point relative to a time scale. In one embodiment, the displaying of the
mechanical sequence flow further comprises a plurality of symbols each of which represents
a starting point. The starting point may then be identified from one of the plurality of
symbols. In a further embodiment, the mechanical sequence flow is displayed after the
starting point is identified, the mechanical sequence flow comprises a plurality of symbols
each of which represent a ending point. The ending point may then be identified from one of
the plurality of ending points. A user interface may be provided. The user interface effective
to receive input indicating the identified starting point and input indicating the identified

ending point. The receiving of the input may be as a result of a user placing a cursor over the
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respective identified point and clicking a mouse or the user pressing a predefined keyboard
key.
[0034] Input to add one or more mechanical sequence elements to the alternative path

may be received.

[0035] The display of mechanical sequence flow in response to creating the altemative
path may exclude the original path. The displaving of the mechanical sequence flow in
response to creating the alternative path may include a gap in the mechanical sequence flow,
the gap relative to the time scale, the gap formed starting at the starting point of the identified

mechanical sequence element and ending at a time greater than the starting time of the gap.

[0036] The creating of the altemative path may be finished via input to cancel the
alternative path or to complete the path. In one embodiment, an electrical sequence flow is
not displayable after the creating the altemative path until receiving input from the user
effective to finish the replacing. The electrical sequence flow differentiates the alternative

path from the original path.

[0037]  The present disclosure further provides for altering runtime software produced for
at least one PLC in an automation system via a modeling tool. The altering by a split or a
merge. A model of an automation system includes a mechanical sequence flow for a plurality
of resources and an electrical sequence flow for the plurality of resources is provided.
Displaying the plurality of resources are displayed, for example, on an electronic display
device. Each of the plurality of resources is in a first sequence. A resource from the plurality
of resources is identifying to be split from the first sequence. The identified resource is
removed from the first sequence and added to a second sequence. Runtime sofiware for the
first and second sequence is generated after the removing and the adding. The runtime
software for the first sequence controlling resources of the first sequence and the runtime

software for the second sequence controlling the resources of the second sequence.

[0038]  The present disclosure further provides a monitoring of an online automation
system. The model of the automation system that was used to program a PLC in the
automation system is displayed, for example, on the electronic display device. The model
may be a mechanical model that includes a mechanical sequence flow for at least one
resource, the mechanical flow comprising a plurality of mechanical elements. In contrast, the
model may be an electrical model that includes an electrical sequence flow for at least one

resource, the electrical sequence flow comprising a plurality of electrical elements.
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[0039] Input, such as PLC step information, input signal and/or output signal, effective to
indicate an execution PLC is received. A visual representation is provided on the display of

the model which represents the execution of the PLC.

[0040] In one embodiment, the visual representation includes a line perpendicular to a
time scale and which moves along the time scale during the execution. In another
embodiment the visual representation includes color indications of the execution of the PLC.
In a further embodiment, the visual representation includes a shading or brightness indication

on the display which indicates the execution of the PLC.

[0041] In one embodiment input is received via a user interface effective to control the
monitoring of the automation system. The input may be for example, to stop the monitoring
of the automation system, to pause the monitoring of the automation system, to record the
monitoring of the monitoring system, to playback a recorded monitoring, to resume
monitoring of the automation system. In one embodiment, the control of the control of the
automation system includes a control of the PLC.

[0042] In one embodiment, the monitoring is provided by an arrangement. The
arrangement includes an automation system with a PLC that includes a PLC runtime
software. The arrangement further includes a modeling system that includes a CPU, a
memory, a program that executes on the CPU and which monitors the automation system, the
created model stored in the memory and used to create PLC runtime, and a user interface
effective to receive input from a user and to display the created model. Input is received
effective to indicate an execution of the PLC. A visual representation based on the received

input is provided on the display of the model which represents the execution of the PLC.

[0043] In one embodiment, a data adapter device is provided to convert information from
the PLC to a format usable by the monitoring program. The data adapter may be coupled to
the automation system and the modeling system. The data adapter translates a runtime
information from the PLC to the information effective to indicate an execution of the PLC.

[0044] After the modeling is completed, runtime software for a programmable logic
controller may be produced from the model. The created runtime software may then be
downloaded to the PLC via the network.

Brief Description of the Drawings
[0045]  The above mentioned and other concepts of the present invention will now be

described with reference to the drawings of the exemplary and preferred embodiments of the

9
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present invention. The illustrated embodiments are intended to illustrate, but not to limit the
invention. The drawings contain the following figures, in which like numbers refer to like

parts throughout the description and drawings wherein:

[0046] FIGs 1A-1H illustrates a sequence flow of the mechanical operation for a lifting
apparatus.

[0047] FIG 2 illustrates the sequence flow of the mechanical operation of FIGs 1A-1H
according to a Ganit chart.

[0048] FIG. 3 illustrates an exemplary system according in accordance with the present
disclosure.

[0049] FIG 4A-4E illustrate an exemplary mechanical model in accordance with the

present disclosure.

[0050]  FIGs SA-5C illustrate an exemplary user interface using graphical tools in

accordance with the present disclosure.

[0051] FIGs 6A-6K illustrate an exemplary electrical model in accordance with the
present disclosure.

[0052] FIGs 7A-7] illustrates an exemplary modeling of output signals and actuator in
accordance with the present disclosure.

[0053] FIGs 8A-8G illustrates exemplary modeling of proxy steps in the electrical model

in accordance with the present disclosure.

[0054] FIGs 9A- OF illustrates exemplary replacement steps in accordance with the
present disclosure.

[0055] FIGs 10A — 101 illustrate exemplary alternative paths in accordance with the
presentd disclosure.

[0056] FIGs 11A-11M illustrates exemplary dynamic views in accordance with the

present disclosure.

[0057] FIGs 12A-12F illustrate exemplary split and merge in accordance with the present

disclosure.

[0058] FIGs 13A-13H illustrates an exemplary monitoring of the automation system in
accordance with the present disclosure.
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Detailed Description Of The Invention
[0059] In one aspect of ihe present disclosure, an improved method of modeling an
automation system is provided. Another aspect of the present disclosure is directed to an
improved mechanical model of the automation system. Yet another aspect of the present
disclosure is directed to an improved mechanical sequence flow of the automation system.
Still another aspect of the present disclosure is directed to an improved electrical model of the
automation system. A further aspect of the present disclosure is directed to an improved
electrical sequence flow of the automation system. Yet a further aspect of the present

disclosure is directed to an improved method to monitor an automation system.

[0060] The present disclosure is described in context of the automation system being a
lifting apparatus. The principles of the present disclosure, however, are not limited to use
within a lifting apparatus but may be applied to other machines and systems in an automation

system.

[0061] The present disclosure is described in context of identifying or selecting an object
by using a mouse as a user interface and placing a mouse cursor on an object displayed on the
electronic device. However, it would be understood that other user interfaces to provide input
could be used such as touchscreen, gesture recognition system, keyboard, joystick, and the
like).The term “object™ refers to GUI tool, signal line, condition, modeling data, mechanical
transition, electrical transition, mechanical element and/or electrical element. The term
“mouse cursor” refers to a visual icon on the display which is movable on the electronic
display device by moving the mouse. The mouse cursor is commonly represented as an arrow
or a hand but may be represented by any icon. It would be understood, that placing a mouse
cursor “on” object would include directly on as well as an area surrounding the object in
close enough proximity to the object that the object may be uniquely identified by proximity
to the mouse cursor. It would also be understood that using a mouse cursor is merely an

example and other means may be used to identify and/or alter the objects.

[0062] The present disclosure is described in terms of a time scale, a mechanical
sequence flow and an electrical sequence flow being displayed in a horizontal fashion with
the time scale increasing in the right direction. It would be understood that the time scale
could increase in the left direction or that the electrical sequence flow could be in a vertical

fashion with the time scale increasing in the up or down direction.

[0063]  The present disclosure is described in terms of one or more XML files which
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include the modeling of the automation system. One skilled in the art would recognize that
other means may be used. For example, any database format such as relational, hierarchical
and network may be used. Furthermore, a flat file may be used. However, since XML is

extensible and self describing database it is particularly useful in describing modeling data.

[0064]  The present disclosure is described in terms of monitoring the automation system
via the electrical sequence flow used to create the PLC runtime software for the automation
system. It would be understood that the sequence view of mechanical sequence flow used to
create the PLC runtime software for the automation system could be used to monitor the

automation system.

[0065] FIG 3 illustrates a system 300 according to an exemplary embodiment of the
present disclosure. As shown in FIG. 3, the system 300 includes a computing device 310 that

may be connected to one or more PLCs 360 over a wired or wireless network 305.

[0066)  The computing device 310, which may be a poriable or laptop computer or a
mainframe or other computer configuration, includes a central processing unit (CPU) 325 and

a memory 330.

[0067]  The CPU 325 executes a program 320 as a modeling tool and/or monitoring tool
to facilitate the methods described herein. The memory 330 includes a random access
memory (RAM) 335 and a read-only memory (ROM) 340. The memory 330 may also
include a database, disk drive, tape drive, and the like or a combination thereof. The RAM
335 functions as a data memory that stores data used during execution of a program 320 in
the CPU 325 and is used as a work area. The ROM 340 functions as a program memory for
storing the program 320 executed in the CPU 325. The program 320 may reside on the ROM
340 or on any other computer-usable medium as computer readable instructions stored
thereon for execution by the CPU 325 or other processor to perform the methods of the

present disclosure.

[0068] A user interface 375 may be coupled to the computing device 310. The user
interface 375 may include, for example, an electronic display device, and input interfaces
such as the GUI tools, 2 mouse and a keyboard. An electronic display device is a device
which renders a two or three dimension display. For example, the electronic display device
may be a liquid crystal display (LCD), cathode ray tube (CRT) display, printer, and the like.
One skilled in the art would recognize that other user interfaces may be used. For example, a

touch screen display device.
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[0069]  The operation of the system 300 may be controlled via the user interface 375. For
example, the user interface 375 may be partl of an operator’s console which communicates

with the computing device 310 and through a network, a bus or other means.

[0070] In one embodiment, the program 320 automatically generates at least one XML

file 382 to include the modeling information.

[0071] In one embodiment, the program 320 automatically generates PLC runtime
software 380 for the PLC 360 from at least one of the models described below. The PLC
runtime software 380 may then be stored in memory 330. The PLC(s) 360 may programmed
with the PLC runtime software 380 via the network 305.

Mechanical Model

[0072] FIGs 4A-4E illustrates an exemplary modeling tool that facilitates modeling of an
automation system. Referring to FIG 4A, the modeling includes a mechanical model 400
which illustrates the sequence flow of the mechanical operation of the automation system. In
FIG 4A, the exemplary mechanical model 400 visually represents the sequences of FIGs 1A-
1H for the lifting apparatus. The mechanical model 400, which is displayed on an electronic
display device, may include a graphical user interface (GUI) tools 405, a table view 410 and a

sequence view 420 of the mechanical operation.

[0073] Referring to FIG 4B, the table view 410 contains modeling data arranged in a
tabular format. The modeling data may include resource 412, actuator 413, signal out 414,
action 415, signal in 416, and position 418.

[0074] A resource 412 represents a specific hardware device of the automation system. In
the exemplary embodiment illustrated in FIG 4B, a plurality of resources 312 are provided

which include a lifter, securing ends, and rollers.

[0075] An action 415 may be defined for each resource 412. An action 415 describes a
possible behavior of the resource 412, which may be used to perform a mechanical operation
in the mechanical model 400.

[0076] Each action 415 may be associated with a position 418, which may identify a
physical start position for the action 400. As illustrated, the lifter has the actions raise and
lower which describe the behavior of the lifter as a movement of the lifter. The raise action is
associated with the lower level position since the lifter is raised starting from the lower level

position to the upper level position. The lower action is then associated with the upper level
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position since the lifter is lowered starting from the upper level position to the lower level
position. The securing ends have the actions up and down that describe the movement of the
securing ends which may move up from a down position and down from an up position. The
rollers have the action conveys to describe the behavior of the rollers. Unlike the lifter and
the securing ends, the position of the rollers identifies a condition instead of a physical start
position. The positions of the rollers are true and false. For the rollers to convey the parcel,
the position is true. Additional actions may also be included for the roller in which the actions
would also have a condition of true. It would be understood that true and false are merely
used by way of an example and the names of the position may be altered. Furthermore, a time
value which defines the duration of the action may be associated with an action. For example,

the up action for the securing ends is associated with a time of 3 seconds.

[0077] In the simplest form, the mechanical model 400 only identifies the start and end
positions or a condition defining a change in behavior. The exact physical behavior between
the start and end positions, including intermediate positions, velocity and acceleration, is not

described in the simplest case.

[0078]  The actuator 413, signal out 414, signal in 416 are described in more detail with
the Electrical Model.

[0079] A designer may alter the modeling data in the table view 410 via the user interface
375. The term “alter” and its derivatives means add, change, and/or delete. A designer is a
user of the modeling tool. An exemplary embodiment of altering the data in the table view
410 is described in FIGs SA-5C. Referring to FIG 5A, a designer may add a resource 412 by
placing the mouse cursor over the resource GUI tool 405(a) and clicking the mouse. Now
referring to FIG 5B, after the resource 412(a) has been added, a designer may then alter the
attributes of the resource 412(a) via an input interface by placing the mouse cursor over the
newly added resource 412(a) and clicking the mouse so that a GUI tool 405 is provided. As
illustrated, a menu 405(b) is provided to alter the resource 412(a). Examples of resource
attributes may be a name of the resource and a description of the resource. FIG 5C shows
resource 412(a) after having altered the name of to resource 412(a) to lifter.

[0080] The GUI tools 405 may be used to alter the mechanical model 400 example, such
as the modeling data in the table view 410 and or the mechanical sequence flow of the
mechanical operation in the graphical view 430. One skilled in the art would realize that other
graphical user interfaces may be used to alter the mechanical model 400. Other GUI means
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such as drop down boxes, drop and drag may be used.

[0081] FIG 4C illustrates an exemplary sequence view 420 of the mechanical operation.
As illustrated in FIG 4C, the sequence view 420 of the mechanical operation, may include a
timescale 422 and at least on sequence description 442. Each sequence description 442 uses
the single time scale 422.

[0082] Each sequence description 442 includes one or more subspaces 440. Each
subspace describes mechanical information for a resource. Furthermore, a sequence
description 442 may include a sequence description header 438. Preferably the sequence
header is numeric text but any delineation may be used. The sequence descriptions are

described below in more detail.

[0083] FIG 4D illustrates an exemplary subspace 440. Referring to FIG 4D, the subspace
440, may include a subregion 424 for defining the mechanical positions of the resource as
positions on a vertical axis and a subregion 444 for depicting the sequences information of

the operation for the resource.

[0084]  Now referning to FIG 4E, the exemplary sequence view 420 of the mechanical
operation, as shown in FIG 4C, includes a time scale 422, a sequence description header 438,
mechanical positions 424 and graphical view 430. In the present embodiment, the time scale
422 is shown in seconds. One skilled in the art would recognize that a time scale 422 using a
unit other than seconds may be used, for example, minutes or microseconds. The exemplary
sequence view 420 shows a single sequence description header 438 with the name “Lifting
Apparatus™. The positions 424 represent the positions 418 contained in the table view 410. In
another embodiment, only a single representation of the positions is displayed in either the

table view 410 or in the sequence view 420.

[0085] The graphical view 430 visually illustrates the sequence flow of the mechanical
operation for the automation system. In order to describe the mechanical operation of the
automation system, the graphical view 430 would include all of the sequence information 444
for each of the subspaces 440, However, the graphical view 430 may include a portion of the
mechanical operation. The mechanical sequence flow is formed by mechanical elements such
as mechanical steps 432 and mechanical transitions 434. The mechanical step 432, in the
graphical view 430, is the performance of the action 415 from the table view. Each
mechanical step 432 has a starting time and an ending time, Mechanical step 432(a) starts at

time 0 and ends at 3 seconds and visually shows the securing ends being moved from a
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starting position of up to an ending position of down.

[0086] A designer may add mechanical steps 432 via the user interface. In one
embodiment the designer may click at the start position of the mechanical step 432 and click
again at the end position of the mechanical step 432. Accordingly, the mechanical step 432 is
visually added based on the start and end positions. Furthermore, the mechanical step 432
may include attributes of the action associated with the mechanical step. For example, the
time to perform the mechanical step may automatically be included and illustrated via the
time scale. One skilled in the art would recognize other interfaces may be used. For example,
the electronic display device may have a touch sensor so that the designer may draw the

mechanical step 432.

[0087] Changing from a mechanical step 432 of one resource to a mechanical step 432 is
called a mechanical transition 434. The starting time and the ending time for a mechanical
transition between different resources is the same. At time 3 a mechanical transition 434(a)
occurs from mechanical step 432(a) to mechanical step 432(b) which shows that the rollers

convey the parcel at time 3.

[0088] A designer may alter mechanical transitions 434 via the user interface. In one
embodiment, the designer may only alter a mechanical transition 434 that transitions between
different resources. In one embodiment the designer may click at the end position of a first
mechanical step 432 and click again at the end position of a second mechanical step 432. A
mechanical transition 434(b) occurs from mechanical step 432(b) to mechanical step 432(c)
which shows that the securing ends being moved up. A mechanical transition 434(c) occurs
from mechanical step 432(c) to mechanical step 432(d) which shows the lifter is raised to the
upper position. A mechanical transition 434(d) occurs from mechanical step 432(d) to
mechanical step 432(e) which shows the securing ends being moved down. A mechanical
transition 434(e) occurs from mechanical step 432(e) to mechanical step 432(f) which shows
that the rollers convey the parcel. A mechanical transition 434(f) occurs from mechanical step
432(f) 10 mechanical step 432(g) which shows the securing ends being moved up. A
mechanical transition 434(g) occurs from mechanical step 432(g) to mechanical step 432(h)
which shows the lifter is lowered to the lower position. At the end of mechanical step 432(g),
the lifting apparatus is in the original state of time 0.

[0089] Connecting the mechanical steps of a resource are mechanical waiting periods

436. The mechanical waiting periods 436 visually represent that an action is not being
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performed on the resource. The mechanical waiting periods are not necessary to visually

illustrate the mechanical sequence flow and thus may be excluded.

Electrical Model

[0090] In addition to modeling the mechanical operations, the modeling tool facilitates
the modeling of the electrical operations of the automation system. The electrical model
facilitates defining the interactions between input signals and/or output signals and a

resource.

[0091] Referring to FIG 6A, the exemplary electrical model 600 describes a sequence
flow of the electrical operation. In FIG 6A the exemplary electrical model 600 corresponds to
the mechanical model of FIGs 4. The electrical model 600, which is displayed on the
electronic display device, may include GUI tools 605, a table view 610 and a sequence view

620 of the electrical operation.

[0092]  Referring to FIG 6B, the table view 610 contains modeling data arranged in a
tabular format. The modeling data may include resource 612, actuator 613, signal out 614,
action 615, signal in 616, and position 618. In the exemplary illustration of FIG 6B, the table
view 610 includes the modeling data from the table view 410 of the mechanical model 400.
For example, the actions 615(a), 615(b), 615(c) 615(d) and 615(e) correspond to the actions
415(a), 415(b), 415(c) 415(d) and 415(e) respectively. It would be understood that modeling
data altered in the table view 610 of the electrical model 600 may then be part of the table
view 410 in the mechanical model 400. However, one skilled in the art would recognize that
some modeling data may only apply to the mechanical view 400 and not the electrical view
600 and vice versa. Thus, it may be necessary and/or desirable that the table view 410 of the
mechanical model 400 differ from the table view 610 of the electrical model 600.

[0093]  The signal in 616 refers to an input signal to be delivered to the PLC. The input
signal may be generated from a device such as a sensor. For example, a light barrier sensor
may be used to detect if a resource has reached its end position. An input signal is associated
with a resource 612. In the exemplary illustration of FIG 6B, signal in 616(a) and signal in
616(b) are associated to the lifting apparatus and signal in 616(c) and signal in 616(d) are
associated to the securing ends. It would be understood by those skilled in the art that a
resource does not require an input signal. For example, in the exemplary embodiment, the

rollers do not include a signal in 616.
[0094) Signal in 616(a”), 616(b’), 616(c’) and 616(d”) may be used as an additional
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representation or an alternative representation of signal in 616(a), 616(b), 616(d) and 616(e)
respectively. In the exemplary illustration of FIG 6B, signals 616(a’)-616(d’) are used in
conjunction with the visual representation of the signal in the sequence view 620 of the

electrical operation.

[0095] FIG 6C illustrates an exemplary sequence view 620 of the electrical operation. As
illustrated in FIG 6C, the sequence view 620 of the electrical operation, may be divided
include a timescale 622 and at least on sequence description 642. Each sequence description

642 uses the single time scale 622.

[0096] Each sequence description 642 includes one or more subspaces 640. Each
subspace describes electrical information for a resource. Furthermore, a sequence description
642 may include a sequence description header 638. Preferably the sequence header is
numeric text but any delineation may be used. The sequence descriptions are described below

in more detail.

[0097] FIG 6D illustrates an exemplary subspace 640. Referring to FIG 6D, the subspace
640, may include a mechanical region 642 and may include an electrical region 646. The
mechanical region 642 includes a subregion 624 for defining the mechanical positions of the
resource as positions on a vertical axis and a subregion 644 for depicting the sequences
information of the operation for the resource. The electrical region 646 includes a subregion
647 for defining the electrical signals of the resource as locations on a vertical axis, and a

subregion 648 for depicting the signal information for the resource.

[0098] FIG 6E illustrates the exemplary sequence view 620 of the electrical operation in
more detail. FIG 6E describes the sequence view 620 of the electrical operation which
corresponds to the mechanical model described in FIGs 4. The sequence view 620, as shown
in FIG 6E, includes the time scale 622 positions 624 and graphical view 630. In the
exemplary embodiment the positions 624 at least includes the positions 424 defined in the

mechanical model 300.

[0099] The graphical view 630 visually illustrates the electrical sequence flow of the
electrical operation. The electrical sequence flow includes electrical elements such as
electrical steps 632 and electrical transitions 634. Changing from one electrical step 632 to
another electrical step 632 is called an electrical transition 634. An electrical transition
defines a dependency between the movement of a device and the state of an input signal

and/or and output signal. The electrical transition visually connects the electrical step 632
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being transitioned from, to the electrical step 632 being transitioned to.

[00100]  As illustrated, an electrical step 632 may have a corresponding mechanical step
432. Likewise, an electrical transition 634 may have a corresponding mechanical transition
434.

[00101] In a preferred embodiment, the electrical sequence flow of the electrical model is
automatically generated from the mechanical model. In the simple case, preferably an
electrical step is automatically created for each mechanical step and an electrical transition is
created based on each mechanical transition. In the case of more complex models, such as
using proxy steps, split and merge as described below, the generation of the electrical

sequence flow may be more complex.

[00102]  An electrical step 632 may have various attributes assigned to it. For example a
waiting time and a watchdog time and an error state time. In one embodiment the waiting
time and watchdog time are automatically generated, preferably using the time value of an

associated mechanical step 432.

[00103]  The waiting time is defined as the minimum amount of time the electrical step 632
must take, regardless of how long the mechanical step 432 actually takes to execute. For
example, if the mechanical step 432 completed in less time than the waiting time, a transition
to the next mechanical step 432 could not be triggered until the end of the waiting time. In
contrast, the watchdog time is defined as the maximum amount of time the mechanical step
432 can take before transitioning to an error state. Therefore, the watchdog time must be at
least the amount of time corresponding to the mechanical step otherwise a transition to the
error state will always occur. The waiting time and watchdog time are discussed in more

detail below in regards to monitoring via the visual model.

[00104] The electrical sequence flow may be altered by a designer. In the exemplary
embodiment, the mechanical sequence flow of electrical operation is superimposed over the
mechanical sequence flow of the mechanical operation. As such, the mechanical steps 432
and mechanical waiting periods 436 are shown in the subregion 644 for depicling the
sequences information. The superimposing allows the designer to visualize both the electrical
sequence flow of the electrical operation and the mechanical operation simultaneously which
may make it easier for the designer to make necessary alterations to the electrical model 600.
One skilled in the art would recognize that the electrical sequence flow of the electrical

operation may be displayed without being superimposed over the mechanical sequence flow
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of the mechanical operation.

[00105] FIG 6F describes further details of the electrical sequence flow of the electrical
operation in which each signal in 616 from FIG 6B is displayed graphically as asignal line
650. Each signal line 650 is graphically displayed in the subregion 648 for depicting the

signal information.

[00106] A signal line 650 may include states 652 and state transitions 654. A state
transition 654 indicates where a state of the pulse changes to another state. For example, the
signal line may include state transition 654 from a low state 652(a) to a high state 652(b).
One skilled in the art would recognize that exemplary illustration of the low state being
visually lower in a vertical direction than the high state is merely a representation and the
visualization may be reversed such that the high state is visually lower or the states may be

represented in directions other than horizontal.

[00107] In one embodiment, the signal line 650 is automatically generated. In another
embodiment the signal line 650 is input by the designer. In either case, it is preferable if the
signal line 650 may be altered by the designer. The altering of the signal line 650 includes
altering the states and/or state transitions of the signal line.

[00108] The signal line 650(a) corresponds to the lifter_upper signal in 616(a’) of the
lifting apparatus in FIG 6B. Signal line 650(a), which is provided by a sensor, includes a state
transition 654(a) from “low™ state 652(a) to “high™ state 652(b) which occurs after the sensor
detects that the lifting apparatus is moved from the lower level to the upper level. Signal line
650(a) further includes a state transition 654(b) from high state 652(b) to low state 652(c)
which occurs after the sensor detects that the lifling apparatus is moved from the higher level

to the lower level.

[00109] The signal line 650(b) corresponds to the lifier_lower signal in 616(b’) of the
lifting apparatus in FIG 6B. Signal line 650(b), which is provided by a sensor, includes a state
transition 654(c) from low state 652(d) to high state 652(e) which occurs after a sensor

detects that the lifting apparatus is moved from the higher level to the lower level.

[00110] The signal line 650(c) corresponds to the securing_ends_down signal in 616(c’) of
the lifting apparatus in FIG 6B. Signal line 650(c) includes state transition 654(d), 654(f)
from low state 652(f), 652(h) to high state 652(g), 652(i). The state transition 654(d), 652(f)
occurs after the securing ends are moved from the up position to the down position. Signal
line 650 (c) includes state transition 654(e), 654(g) from high state 652(g), 652(i) to low state
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652(h), 652(j). The state transition 654(e), 654(g) occurs after the securing ends are moved

from the down position to the up position.

[00111] The signal line 650(d) corresponds to the securing_ends_up signal 616 in (d’) of
the lifting apparatus in FIG 6B. Signal line 650 (d) includes state transition 654(h), 654())
from high state 652(k), 652(m) to low state 652(1), 652(n). The state transition 654(h), 654(j)
occurs after the securing ends are moved from the up position to the down position. Signal
line 650(d) includes state transition 654(i), 654(k) from low state 652(1), 652(n) to high state
652(m), 652(0). The state transition 654(i), 652(k) occurs after the securing ends are moved

from the down position to the up position.

[00112] It would be understood that the specific input signals above are merely illustrative
for the lifting apparatus. In some cases, a single input signal could replace multiple input

signals or that more input signals may be required.

[00113]  FIG 6G illustrates other details of the electrical sequence flow. In some case one
or more conditions must be met in order for an electrical transition 634 to occur. A condition
is the logical state of an associated input signal or output signal. The condition 660 may be
included before or after an electrical step 632. If the condition 660 is included prior to the
electrical step, then the condition 660 must be met in order to fransition to the electrical step
632. Likewise, if the condition 660 is included after the electrical step, then the condition
must be met in order to transition from the electrical step 634. The condition 660 is based on

one or more input signals.

[00114] In the exemplary illustration of FIG 6G, for the electrical transition 634(a) to
occur condition 660(a) must be met. The condition 660(a) is visually coupled to the high state
of signal line 650(d). The high state of the signal line 650(d) occurs when a sensor of the
securing ends detects that the securing ends are in the up position. Thus, in order for the
electrical transition 634(a) to occur, a sensor of the securing ends must detect that the
securing ends are in the up position. The electrical step 632(a) is complete after the condition
660(b) is met. Condition 660(b), which is visually coupled to the high state of signal line
650(c), is met when a sensor of the securing ends detects that the securing ends are in the
down position. After the condition 660(b) is met, the electrical transition 634(b) occurs in
order to transition to electrical step 632(b).

[00115] Conditions 660 may be altered by the designer. For example, a new condition may
be added by way of altering a statement for the electrical transition 634. The designer may
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identify the electrical transition 634(b) to be altered to include the new condition by placing
the mouse cursor on the electrical transition 634(b) and clicking the mouse. FIG 6H
illustrates a GUI tool 605(a) to alter the statement for electrical transition 634(b). GUI tool
605(a) illustrates a drop down 662 that may be identified to alter the statement.

[00116] FIG 6l illustrates a further GUI tool 605(b) that includes the statement 663(a) of
the electrical transition 634(b). As shown by FIG 6], the transition occurs if the single

condition 660(b) is met based which indicates that the securing ends are in the down position.

[00117] FIG 6J shows an exemplary alteration of the statement 663(a) of the electrical
transition 634(b) as illustrated in FIG 6l into statement 663(a°) of the altered electrical
transition 634(b’). The altered electrical transition 660(b’) shows that transition is based on
multiple signal lines. The transition occurs when the condition 660(b) which indicates the
securing ends are in the down position and the condition 660(h) which indicates the lifter is

not in the upper position are both met.

[00118] FIG 6K illustrates graphically how the altered electrical transition 660(b’) is based
on the multiple conditions 660(b) and 660(h).

[00119]  Although the alteration of electrical transition 634(b) was described in terms of a
particular GUI tool 605(a) and 605(b), one skilled in the art would recognize that electrical
transition 634(b) could be altered using different GUI tools 605 or other means. For example,
the designer could “draw™ the new part of the condition. The drawing may be by achieved via
a touch screen or by placing the mouse cursor on the signal line corresponding to the state for
the condition and clicking the mouse and also placing the mouse cursor on the transition and

clicking the mouse.

[00120] Referring back to FIG 6B, the signal out 614 describes an output signal produced
by the PLC. The signal out 614 may be delivered to a device such as an actuator 613. The
device may then be used to actuate a resource of the automation system. The output signal is
associated with a resource 612. It would be understood by those skilled a resource does not
require a signal out 614.

[00121] FIG 7A illustrates a display of an exemplary table view 610 of the electrical
model 600 in which a signal out 614 has not been added. In order to add the signal out 614, a

designer may use a user interface such as the GUI tools 605.

[00122] The signal may include attributes which are preferably alterable by the designer.
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FIG 7B illustrates a display of an exemplary GUI tool 605(c) in which the designer may alter
attributes for the signal. For example, the designer may specify the resource 612 that the
signal is associated with, a symbolic address name 714, a signal type 716, assigned to
information 718, inverted 720, and description information 722, In the illustrated
embodiment, a single GUI tool 605(c) is provided which facilitates altering a signal in 616
and a signal out 614. However, one skilled in the art would recogmze that separate GUI tools

605 may be used.

[00123] The symbolic address name 714 is a name that the designer may assign to the
signal. The symbolic address name 714 is associated to a physical address in order to deliver
the signal. The association may be provided via a symbolic list file. The designer may alter

the symbolic list file to alter an association and/or physical address.

[00124]  The signal type 716 indicates if the signal is an input signal or an output signal. In
the exemplary illustration the type “actuator” is used for an output signal and the type
“sensor” is used for an input signal. The assigned to information 718 indicates if the signal is
assigned to a position of the resource 612. A signal line 650 associated with the signal may be
altered with the inverted 720 attribute as described in more detail below. The description 722

field may be altered to include a text description of the sensor.

[00125] FIG 7C illustrates a display of an exemplary table view 610 showing that signal
out 614(a) is added with the symbolic name “Convey Right” for the roller resource. FIG 7D
illustrates the sequence view 620 with a signal line 650(d) that is associated with the signal
out 614(a). Signal line 650(d) is displayed in the subregion 648(c) and is used to convey a
parcel in the right direction. Preferably the signal line 650(d) is automatically generated and
displayed after the signal out 614 is added. The illustrated signal line 650(d) is in a
continuous low state. The inverted 720 attribute would invert the signal line 650(d) to a
continuous high state.

[00126] In order to define the output signal behavior, an electrical step must be identified
as well as a signal line of an output signal. The electrical step may be identified via an input
interface by designer placing the mouse cursor on electrical step 632(b) and clicking the
mouse to identify electrical step 632(b). The signal line 650(d) may be likewise identified.
After the electrical step 632(b) and the signal line 650(d) are identified they are coupled
together to define the output signal behavior. It would be understood by those skilled in the
art that an electrical step may be coupled to multiple signal lines.
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[00127] FIG 7E is an exemplary display of the sequence view 620 with the electrical step
632(b) and the signal line 650(d) being visually coupled together via a line 730(a). The signal
line is set to the high state from the low state at the beginning of the electrical step 632(b) and
then is reset at the end of the elecirical step 632(b).

[00128] FIG 7F is a further exemplary display of the sequence view 620 showing electrical
632(f) also being visually coupled to signal line 650(d) via line 730(b). In addition, FIG 7F
shows that the signal line 650(d) is inverted.

[00129] The designer may alter the signal line 650 to be “set” or “reset” via a user
interface. FIG 7G illustrates that the signal line 650(d) may be set at the beginning of an
electrical step 632(b) and reset at the beginning of a different electrical step 632(f). FIG 7TH
illustrates that the signal line 650(d) may be set at the beginning of an electrical step 632(b)
and reset at the end of a different electrical step 632(f). One skilled in the art would recognize
that the of setting and resetting the signal line 650(d) has other possibilities, for example, the
signal line 650(d) might be set at the end of an electrical step 632.

[00130] It would be understood by those skilled in the art that an electrical step 632 may
be coupled to multiple signal lines. As described above electrical step 632 facilitates output
signals to be produced and/or input signals to be received.

[00131] FIGs 7A-7H illustrated an output signal without specifying a specific device, such
as an actuator, in which the output signal is associated. An actuator 613 may be added using a
GUI tool 605 similar to that of FIG 7A. Also similar to the signal, the actuator may include
attributes which are preferably alterable by the designer.

[00132] FIG 7l illustrates a display of an exemplary GUI tool 605(e) in which the designer
may alter attributes for the actuator. For example, the designer may specify the resource 612
that the actuator is associated with, a name 734, and actuator type 736, and description
information 732. It would be understood that other attributes may be applicable such as the
output signal.

[00133]  Similar to the output signal, the actuator name 734 may be associated to a physical
address in which the association may be provided via an alterable symbolic list file. However,
the actuator name 734 may just provide a reference for the designer in order to associate the

actuator with the output signal.

[00134] In the exemplary illustration the actuator type 736 “movement” is used to indicate
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the actuator facilitates a movement of the associated resource 612. The description 732 field

may be altered to include a text description of the sensor.

[00135]  FIG 7] illustrates a display of an exemplary table view 610 of the electrical model
in which an actuator 613(a) has been added with a name Actuator_l. The actuator 613(a) is
associated to signal out 614(a’) is associated with a designer may use a user interface such as
the GUI tools 605.

Proxy Step

[00136] Each of the electrical steps 632 described above corresponded to a mechanical
step. However, it may be desirable in the modeling to define an electrical step not related to a
mechanical step. An electrical step not related to a mechanical step is referred to as a proxy

step. The proxy step may be executed in parallel to other electrical steps.

[00137] FIGs 8A-8G are used to describe proxy steps an electrical model of a simplified
automation system. The exemplary electrical model of FIGs 8 A-8G are superimposed over a

mechanical sequence flow of the mechanical operation.

[00138] FIG 8A illustration an exemplary electrical model showing possible insertion
points for a proxy step. Valid positions for each possible proxy step for the electrical model
are determined. Positions for proxy steps may be located, relative to the time scale where
waiting periods occur in the mechanical model. The illustrated display of the electrical model
includes an icon 830 for each valid position where a proxy step may be inserted. Icon 830(a)
occurs at a waiting period for resource 2 and icon 830(b) occurs at a waiting period for
Resource_1. FIG 8A also illustrates a global start step 831 and a global end step 832. The
global start step 831 is the starting point of the operation of the automation system. Like wise,
the global end step 832 is the ending point of the operation of the automation system. It
would be understood that once the global end step 832 is reached that the operation would
resume from the global start step 831.

[00139] FIG 8B illustrates an exemplary electrical model with a newly inserted proxy step
830. The designer may identify one of the valid positions for the proxy step to be inserted
using a user interface. For example, the designer may place the mouse cursor on the icon
830(a) and click the mouse. A new proxy step 832(a) is inserted at the position of icon 830(a)
and the icon 830(a) is removed from the display. Thus, the icon 830(a) is effectively replaced
by the new proxy step 832(a). At this point electrical transitions 634 to or from the newly

inserted proxy step 832(a) do not exist.
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[00140]  FIG 8C illustrates an exemplary electrical model with an electrical transition 634
added to the newly inserted proxy step 830. Electrical transition 634(ad) is added from the
global start step 831 to the newly inserted proxy step 832(a). FIG 8D illustrates an exemplary
electrical model with an electrical transition 634 added from the newly inserted proxy step
830. Electrical transition 634(ae) is added from newly inserted proxy step 832(a) to the
electrical step 632(ab). The added electrical transitions 634(ad) 634(ae) effectively set the
newly inserted proxy step 832(a) to be parallel relative the electrical step 632(aa). In order for
the electrical step 632(a2) and the newly inserted proxy step 832(a) to be parallel, at least a
portion of the newly inserted proxy step 832

[00141] It may be desirable to alter the transition 634(ab) from parallel electrical step
632(aa). FIG 8E illustrates an exemplary alteration of the transition 634 from the parallel
electrical step 632(aa). As shown in FIG 8E transition 634(ab) is altered to transition
634(ab’).

[00142] In one embodiment, the adding the transitions is done automatically by the
modeling tool. In another embodiment, the designer must manually input the transitions. In
yet another embodiment, the transitions are added automatically but the designer may
manually alter the added transitions. Similarly, in one embodiment, the altering of the
transition is done automatically by the modeling tool. In another embodiment the designer
must manually input the transition. In yet another embodiment the transition is automatically

altered but the designer may manually alter the altered transition.

[00143] FIG 8F illustrates an exemplary electrical model with newly inserted proxy step
832. The newly inserted proxy step 832(b) is intended to be parallel to electrical step 632(bc).
In order for the proxy step 832(b) to be parallel to electrical step 632(bc) transitions to and
from the proxy step 832(b) must be added.

[00144] The determination of automatically adding the transitions is described in the
FIG8F-. FIGs 81- describes a first embodiment.

[00145] FIG 8G illustrates an exemplary electrical model with the added transitions
634(bf) 634(bg) based on the time scale. According to the embodiment illustrated by FIG 8G,
the transition 634 to the proxy step 832 is determined based on the electrical step 832 which
immediately precedes the proxy step 832 relative to the time scale. Since electrical step
632(bb) precedes proxy step 832(b) relative to the time scale, transition 634(bf) was added in
order to transition from electrical step 632(bb) to the proxy step 832(b). If an electrical step
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832 does not precede the proxy step 832, the transition 634 may be added from the global
start step 831 to the proxy step 832.

[00146] According to the embodiment illustrated by FIG 8G, the transition 634 from the
proxy step 832 is determined based on the electrical step 832 which immediately follows the
proxy step 832, relative to the time scale, the proxy step 832. Since electrical step 632(bd)
follows proxy step 832(b) relative to the time scale, transition 634(bg) was added in order to
transition from proxy step 832(b) to electrical step 832(bd). If an electrical step 832 does not
follow the proxy step 832, the transition 634 may be added from the proxy step 832 to the
global end step 833.

[00147] FIG 8H illustrates an exemplary electrical model with an altered transition from
the parallel electrical step. As previously stated, it may be desirable to alter the transition for
the parallel electric step 832. In the exemplary illustration, the transition 834(bd) from the
parallel electric step 834(bc) is altered. The transition 834(bd) may be altered to the following
electrical step 832 having the same resource as the parallel electric step 834(bc). If an
electrical step 832 having the same resource as the parallel electric step 834(bc) does not
exist, the transition 634 may be altered to the global end step 833 as illustrated by transition
834(bd") in FIG 8H.

[00148] FIG 81 illusirates an exemplary electrical model with the added transitions 634
(bh) 634(bi) based on the resource related to the proxy step 832. According to the
embodiment illustrated by FIG 8l, the transition 634 to the proxy step 832 is determined
based on the first electrical step 832 which precedes the proxy step 832 and which is related
to the same resource as the proxy step 832. Proxy step 832(b) is related to Resource_3. Since
electrical step 632(ba) is the first electrical step 632 related to Resource_3 prior to the proxy
step 832(b), transition 634(bh) was added in order to transition from electrical step 632(ba) to
the proxy step 832(b). If an electrical step 832 having the same resource as the proxy step 832
does not precede the proxy step 832, the transition 634 may be added from the global start
step 831 to the proxy step 832.

[00149]  According the embodiment illustrated by FIG 8I, the transition 634 from the
proxy step 832 is determined based on the first electrical step 832 which follows the proxy
step 832 and which is related to the same resource as the proxy step 832. Since electrical step
632(bd) is the first electrical step 623 related to Resource_3, transition 634(bi) was added in
order to transition from proxy step 832(b) to electrical step 832(bd). If an electrical step 832
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having the same resource does not follow the proxy step 832, the transition 634 may be added

from the proxy step 832 io the global end step 833.

[00150] In addition to the adding of transitions 634(bf) and 634(bg), transition 834(bd)
may be altered as described above for FIG 8H.

[00151] it would be understood that the proxy step 832 may be modified to be coupled to
an signal line as described above for electrical steps 832.

[00152] Since the proxy steps 832 are not related to a mechanical step, they are not
required by the mechanical sequence. Thus, it is possible to delete a proxy step 832. When a
proxy step is deleted 832, the added transitions 634 are deleted. Additionally, an altered
transition 634 is altered back to the transition prior to the adding of the respective proxy step
832.

[00153] In some cases, electrical steps 632 which were automatically created from the
mechanical steps 432 are not required. For example, if the associated mechanical step 432 is
not operated via electrical signals as in the case of a chute which is operated by gravity.
When the designer determines that the electrical step 632 is not required, the designer may
deactivate the electrical step 632. Referring back to FIG 8A, electrical step 632(ab) is
transitioned to by transition 634(ab) and transition from by transition 634(ac). FIG 8J
illustrates a deactivated electrical step 632(ab). The step is deactivated with the removal of
transitions 634(ab) 634(ac). A designer may reactivate the deactivated electrical step 632(ab).
The electrical steps 634(ab) 634(ac) would be added back.

Sequence Element Replacement

[00154] After an automation system has been modeled it may be necessary to make
changes to the model. For example, if the sequence view did not move the securing ends
down as shown in FIG 1B and up in FIG 1H then these sequences would need to be added to
the mechanical model. FIG 9A illustrates the sequence view 420 without the sequences of
FIG 1B and FIG 1H.

[00155] In order to alter the sequence view 420, a mechanical sequence element may be
replaced by at least one new sequence element. FIGs 9B-9E illustrates how the sequence
view 420 may be altered to include the sequence illustrated in FIG 1G. First, a sequence
element to replace needs to be identified. In order to identify the mechanical sequence
element, the designer may place the mouse cursor on the mechanical sequence element to be

replaced and click the mouse.
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[00156] Since the moving of the securing ends of FIG 1G should follow the mechanical
step 432(e) which conveys the parcel, the mechanical transition 434(f”) would be identified
to be replaced. Once the sequence element is identified, it may then be removed from the
display of the mechanical sequence flow. As shown in FIG 9B, after the mechanical
transition 434(f”) is identified for replacement, the mechanical transition 434(f”) is removed

from the mechanical sequence flow.

[00157] In a preferred embodiment, the display includes a gap 940 which is inserted where
the mechanical transition 434(f”) was removed. The gap 940 serves as a position holder for
the at least one new mechanical element to be added. The gap 940 may be formed starting at
the starting time of the identified mechanical sequence element and ending at a time greater
than the starting time of the gap 940.

[00158]  The display of the sequence view 420, in FIG 9C illustrates, that new mechanical
transition 434(f) is added from the mechanical step 432(¢) to the down position of the
securing ends. Referring to FIG 9D, mechanical step 432(g) to move the securing ends is
added at the end of the mechanical transition 434(f). Now referring to FIG 9E, a mechanical
transition 434(g) is added from the mechanical step 432(g) to the upper level position of the
lifter.

[00159] As shown in FIGs 9C-9E, the gap 940 may be adjusted on the electronic display
device as replacement sequence elements 434(f), 432(g), 434(f) are added. The gap 940 may
be adjusted to be after the added mechanical step. Additionally the ending time of the gap

940 may be increased.

[00160] Referring to FIG 9F, once all of the replacement sequence elementis 434(f),
432(g), 434(f) are added 434(f), a finish replacement is selected. The designer may select to
finish the replacement by completing the replacement or by canceling the replacement. If the
finish replacement is indicated the gap 940 is removed from the display thereby replacing the
sequence element 434(e). However, if the cancel replacement is indicated, the mechanical
sequence flow is restored to comprise the mechanical sequence elements that existed in the
mechanical sequence flow prior to the start of the replacement. In one embodiment, it would

not be possible to displav the electrical model until the replacement is finished.

[00161] In the above example, a mechanical transition was identified as the sequence
element to be replaced. It would be understood that other sequence elements such as a

mechanical step could be identified as the sequence element to be replaced. Furthermore, in
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the above example a single sequence element is identified to be replaced. It would be

understood that multiple sequence elements could be identified to be replaced.

Alternative Path

[00162] An alternative path defines an alternative sequence flow that the system may use
as an alternative to the original sequence flow. An altemative path denotes a break in the
mechanical sequence where the sequence may use the altemative path. By providing
alternative paths, the automation system does not need to be reprogrammed for different
situations that may occur. For example, in some situations, the parcel may be placed onto the
surface of the apparatus. In this case there would not be a need to convey the parcel onto the
surface of the lifting apparatus. Thus, an alternative path may be added to skip the step of
conveying the parcel onto the lifting apparatus. Another altemative path may eliminate the
step of moving the securing ends up prior to lowering the lifter and then eliminating the step
of moving the securing ends down prior to conveying the parcel on to the surface of the
lifting apparatus. It is also possible to add new steps in the altemative path. For example, a
scale could be added as new resource which could have a step to weigh the parcel prior to
raising the lifter. An example of adding an altemative path to not raise the securing ends after
the parcel has been placed on the lifter are illustrated.

[00163] FIG 10A illustrates an exemplary starting points 1010 for an alternative section in
a sequence view of the mechanical model of the lifting apparatus of Fig 4E. An alternative
section denotes a particular start and end point in which an alternative path may be added. A
global starting point 1010 (a) occurs prior to the sequence flow. The exemplary illustration
includes the global starting point 1010(a). A local starting point occurs for each resource that
changes position at time 0. In the exemplary illustration, only the securing ends change from
the up position to the down position at time 0 and therefore have a local starting point
1010(b). The starting points 1010(e)-1010(i) relate to a mechanical step in which an
alternative section may occur. In the illustrated embodiment the starting points are visually
displayed in the sequence view. In the above illustration the starting points 1010 are denoted
by the symbol [, It would be understood that the starting points may be the start or end of a
mechanical element and not visually displayed separately from the mechanical element.

[00164] The designer identifies a starting point 1010 of the alternative section by placing
the mouse cursor on the starting point 1010 and clicking the mouse. Depending on the
identified starting point 1010, the ending points may differ.
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[00165] FIG 10B illustrates an exemplary ending points 1012 for an altemative section in
a sequence view of the mechanical model of the lifting apparatus. A global ending point 1012
occurs after the sequence flow. The exemplary illustration includes the global ending point
1012(j). A local ending point occurs for each resource that changes position at last time in the
sequence flow. In the exemplary illustration, only the lifter change from the upper level to the
lower level at a last time in the sequence flow and therefore has a local starting point 1012(j).
The ending points 1012(a)-1012(h) relate to a mechanical step in which the end of an
alternative section may occur. In the exemplary illustration of FIG 10B, the ending points
1012(a)-1012(h) are based on the designer having identified starting point 1010(c) as the start
of the alternative section. The ending points should be after the starting pint in relation to the
time scale. In the illustrated embodiment the ending points are visually displayed in the
sequence view. In the above illustration the starting points 1012 are denoted by the svmbol
[1]. It would be understood that the ending points may be the start or end of a mechanical

element and not visually displayed separately from the mechanical element.

[00166] Furthermore, a visual indication is preferably provided in the sequence view
shows the identified starting point 1010. FIG 10B shows the visualization of the starting point
1014 as a line which extends vertically from the time scale through a start or end of the
mechanical element at the beginning of the altemative section. In FIG 10B the line shows that
the starting point is at the end of mechanical step 432(a)

[00167] The designer identifies an ending point 1012 of the alternative section by placing
the mouse cursor on the starting point 1012 and clicking the mouse. For purpose of example,
the ending point 1012(f) is identified. Thus, in the above example, the alternative section is
from starting point 1010(c) to ending point 1012(f). One or more alternative paths may be
provided within the altemative section.

[00168]  Once the ending point 1012 is identified a new path may be automatically created.
However, it may be that a new path is explicated created by the designer. FIG 10C illustrates
an exemplary GUI tool 405(d) used to create a new path in the altemative section.
AlternativeSection_1 1030 is the name the alternative section from starting point 1010(c) to
ending point 1012(f). Path_1_1 1032(a) is the name of the originally defined path in the
section. That is the mechanical elements from the starting point to the ending point.
According to FIG 10B the originally defined path is defined by mechanical elements 434(a),
432(b), 434(b), 432(c), 434(c), 432(d), 434(d), 432(e) and 434(e) The option Create New
Path 1034 is identified to create a new path. Preferably the path names 1032 and alternative
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section names may be altered.

[00169] FIG 10D illustrates a display of an exemplary creation of a new path in the
alternative section. In a preferred embodiment, the display includes a gap 1040. The gap 1040
serves as a position holder for the at least one new mechanical element to be added for the
new path. The gap 1040 may be formed starting at time of the identified starting point and
ending at a time greater than the starting time of the gap 1040. Preferably the ending is at a
time of the identified ending point. FIG 10 D illustrates the gap being formed from the end of
mechanical step 432(a) to the beginning of mechanical step 432(f).

[00170]) FIG 10H illustrates that new mechanical elements have been added to the new
path. In particular, transition 434(m) is added from the mechanical step 432(a) for moving the
securing ends down to added mechanical step 432(m) for conveying the parcel. Transition
434(n) is added from added mechanical step 432(m) to added mechanical step 423(0) for
lifting the lifter.

[00171] As shown in FIGs 10D-10H, the gap 1040 may be adjusted on the electronic
display device as mechanical elements are added to the new path. For example, the gap 1040
may be adjusted to be after the adding a mechanical element. Additionally the ending time of
the gap 940 may be increased as mechanical elements are added. However, in one

embodiment the beginning time of the gap 1040 is static.

[00172] Referring to FIG 10I, once all of the mechanical elements of the new path are
added, a finish path create is selected. The designer may select to finish the path create by
completing the new path or by canceling the new path. If the cancel is indicated, the added
mechanical steps are removed. Several embodiments of indicating to complete the created

path are described.

[00173] In one embodiment, the gap 1040 is removed from the display, when the complete
is indicated. In addition, it may be necessary after the complete to add a mechanical transition
from end of the last mechanical element of the new path to the beginning of the mechanical
step after the new path. Referring to FIG 101, the transition 434(0) is added from the last
mechanical element of the new path 432(o) to the mechanical step 432(f). In a preferred
embodiment the transition is automatically added. In one embodiment, it would not be

possible to display the electrical model until the replacement is finished.

[00174]  Furthermore, validity checks may be performed when the complete is indicated.
The new path should not added if the validity check indicates an invalid situation. In one
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embodiment an error is displayed to inform the designer of invalid situation. Validity checks
may include checking that the ending position of a resource in the new path maiches the

starting position of the resource after the altemative section.

[00175] FIG 10G illustrates a invalid situation for a new path. The securing ends move
down at mechanical step 432(a) prior to the new path. The new path includes the mechanical
step 432(q) to move the securing ends up. However, the securing ends are in a down position
after the alternative section. Thus, the ending position of the securing ends is different and

does not match the starting position of the resource after the altemative section.

[00176] For any given alternative section there may be multiple paths as shown in FIG
10H. A path may span across multiple resources or a single resource. In a preferred
embodiment, as illustrated, only one path is displayed at a time. In the illustration the new
path that was added above has the name Path_1_2 and is currently being displayed. The GUI
tool 605(d’) may be used to select the path to be displayed in addition to creating a new path
in the alternative sequence. Thus the designer may switch the display between a currently
displayed path to a different path.

[00177] In addition, within any given alternative section there may be multiple alternative
sections. It would be understood that the electrical model may be altered for each path
according to the methods described above. In a preferred embodiment, of the electrical
model, only one path is displayed at a time. Furthermore, in one embodiment the signals

differentiate the different paths such that the PLC recognizes which path to execute.

Dynamic Views

[00178] It would be appreciated that the modeling of the automation system may be
complex. Therefore, it may be desirable to scale the modeling into smaller portions. Thus,
each of the smaller portions would then be less complex than the whole. The modeling tool

facilitates this with the use of sequence descriptions 442 as shown in FIG 4C.

[00179] In the previous illustrations, the modeling of the automation system has been
described in terms of a single sequence description 442. However, the use of multiple
sequence descriptions 442 allows the modeling to be separated in terms of one or more
resources. Thus, the modeling would be less complex for the designer. Furthermore, this
facilitates multiple designers working on the same automation system but having
responsibility of one or more sequence descriptions 442.

[00180] FIGs 11A-11E illustrates the display of sequence descriptions 442 by using the
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previously modeled lifting apparatus in 4E and 6A-6H. More particularly, FIG 11A illustrates
an exemplary [irst sequence description 442(a) according to a display of the mechanical
model. First sequence description 442(a) includes a header 438(a) having the name
“Sequence Description 1”. Additionally, first sequence description 442(a) includes the lifter
having the positions 418 and actions 416 as described in FIGs 4. Since the first sequence
description 442(a) only pertains to the lifter, the designer only describes the sequence flow in
terms of the lifter. As previously shown in FIG 4E the lifter only has a mechanical step
432(d) showing the lifier raising from the lower level to the upper level and mechanical step

432(h) showing the lifter being lowered from the upper leve! to the lower level.

[00181] FIG 11B illustrates an exemplary first sequence description 642(a) according a
display of to the electrical model of FIG 11A. First sequence description 642(a) includes a
header 638(a) having the name “Sequence Description 1”. Additionally, the first sequence
description 642(a) includes the lifter having the positions 618, actions 616 and signal in 616
as described in FIGs 6A-6G. Electrical steps 632(d) 632(h) and signal pulses 650(a) 650(b)

are shown.

[00182] FIG 11C illustrates an exemplary second sequence description 442(b) according to
a display of the mechanical model. The second sequence description 442(b) includes a header
438(b) having the name “Sequence Description 2”. Additionally, the second sequence
description 442(b) includes the securing ends and rollers having the positions 418 and actions
416 as described in FIGs 4. Since the second sequence description 442(b) pertains to the
securing ends and the rollers, the designer describes the sequence flow in terms of both the
securing ends and the rollers as well as the transitions between the securing ends and the
rollers. As previously shown in FIG 4E the securing end move up from the down position via
mechanical steps 432(a), 432(e) and move down from the up position via mechanical steps
432(c), 432(g). The condition for the rollers change from false to true via mechanical steps
432(b), 432(f) which convey the parcel. Also described in the second sequence description
442(b) are the mechanical transitions 434(a), 434(b), 434(e), 434(f) between the securing
ends and the rollers and waiting states 436(c), 436(e), 436(g) 436(h), 436(i).

[00183] FIG 11D illustrates an exemplary second exemplary sequence description 642(b)
according to a display of the electrical model of FIG 11C. Second sequence description
642(b) includes a header 638(b) having the name “Sequence Description 2”. Additionally, the
second sequence description 642(b) includes the securing ends and rollers having the
positions 618, actions 616 and signal in 616 as described in FIGs 6A-6G. Electrical steps
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632(d) 632(h) and signal pulses 650(a) 650(b) are shown.

[00184] In a preferred embodiment, each of the sequence descriptions 442 are in separate
XML files. For the above example, the first sequence description 442(a) is in a first XML file
and the second sequence description 442(b) is in a second XML file. The combination of the
first and second sequence descriptions 442(a), 442(b) as shown in FIGs 11A-11D does not
completely describe the mechanical operations of the automation device as shown by 4E. For

example, transitions between the lifter and the securing ends are not provided.

[00185] Transitions between steps of resources of one sequence description to a step in
different sequence description are external transitions. To add a transition a beginning or
ending of a mechanical step 432 is identified in one of the sequence descriptions 442 as an
extemal transition out. Likewise, a beginning or ending of a mechanical step 432 is identified
in a different sequence description as an external transition in. Preferably a GUI tool is
provided for the designer to differentiate between the type (in, out) of external transition
being added.

[00186] FIG 11E illustrates the exemplary sequence view 420 of FIG 11A where an
external transition in 1110 has been added to the beginning of mechanical step 432(d). A
visual representation of the extemal transition in 1110 may be provided. In the illustration,
the arrow pointing towards the beginning of the mechanical step 432(d) visually represents
the external transition in 1110.

[00187] FIG 11F illustrates the exemplary sequence view 420 of FIG 11A where an
extemnal transition out 1112 has been added to the ending of mechanical step 432(d). A visual
representation of the external transition out 1112 may be provided. The arrow pointing away
from the ending of the mechanical step 432(c) visually represents the external transition out
1112.

[00188] At some point the external transition in 1110 and an external transition out 1112
must be linked together. The reference that provides a link from one sequence description to a
different sequence description is referred to as an external link. In one embodiment, the user
is prompted, during or after the creation of the external transition in 1110, for information
regarding the sequence description of the extemal transition out 1112. In another
embodiment, the user is prompted, during or after the creation of the external transition out
1112, for information regarding the sequence description of the external transition in 1110.

Other embodiments are described below. The information regarding the sequence description
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is any information to uniquely identify the sequence description. For example, the XML file

pertaining to the sequence description or the name of the sequence description.

[00189] When the external transition in 1110 in is linked with the external transition out
1112, the respective sequence descriptions are altered to include the external links. In
particular, the respective XML files are altered to include the external links. FIG G illustrates
an extemal link between the first XML file 1120(a) of the first sequence description and the
second XML file 1120(b) of the second sequence description. According to the illustration of
FIG G, the external transition in 1110 of step 432(a) in a first XML file 1120(a) has a
reference to the step 432(c) of the second XML file 1120(b). FIG G further illustrates that the
external transition out 1112 of step 432(c) of the second XML file 1120(b) has a reference to
the step 432(a) of the first XML file 1120(a).

[00190] The above examples illustrate embodiments of working with the sequence
descriptions independently of each other. However, the designer may indicate one or more
sequence descriptions to be displayed on the electronic display as a single display. The
display of the model is therefore dynamically based on what the designer wants to display.

[00191] Various embodiments and/or GUI tools 405 may be used for a designer to select
the sequence descriptions to be displayed. In one embodiment, the sequence descriptions 442
are displayed by opening each of the XML files in the mechanical model or electrical. This
may be done, for example, via a GUI tool 405, such as a file open or a manage references. In
another embodiment, the different XML file is opened and displayed when adding the

extemal transition in or external transition out as described above.

[00192] It would be understood that the designer may also alter the display to reduce the
number of sequence descriptions on a single display. For example, the designer may close an
open sequence. Preferably, a sequence description which remains open and includes an
extenal transition to the sequence description which was closed would include a visual
representation of the external transition, such as in FIGs 11E and 11F. In another embodiment
all of the external transitions are deleted between the closed sequence description and the

sequence description that remains open.

[00193] FIG 11H illustrates an exemplary single display with the sequence flows for the
first 442(a) and second 442(b) sequence descriptions according to a mechanical model. FIG
11H shows the first 442(a) and second 442(b) sequence descriptions prior to adding an

external transition. The external transition may be added in a similar fashion as described
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above for FIG 11E and FIG 11F.

[00194] FIG 111 illustrates an exemplary display after external transition out 1112 has
been added the end of mechanical step 432(c). FIG 11J illustrates a display after external
transition in has been added to the beginning of mechanical step 432(d). As shown an
extemal transition 1120 is now visually displayed between the mechanical step 432(d) of the
first sequence description 442(a) and the mechanical step 432(a) of the second sequence
description 442(b). In addition, a waiting step 436(a) was added. Since the sequence
descriptions involved in the external transition are both concurrently displayed, the modeling
tool may derive the linkage between the sequence descriptions without an additional prompt.
Furthermore, with the sequence descriptions involved in the extemal transition are both
concurrently displayed it may be transparent to the designer that an external transition is
being added. Therefore, it may be desirable that the extemal transition is added as described

for the transitions in FIG 4E.

[00195] The external transitions are described above in reference to the mechanical view.
It would be understood that the external transitions could also be added similarly in the
electrical view. Furthermore, the above disclosure for the dynamic views has been described
in terms of an external link being for an external transition. It would be understood that an
extenal link may used when any object of one sequence description interfaces with a
sequence description of a different sequence description. For example, an external link may

be used for a condition for an electrical transition or for an electrical step to a signal.

[00196] FIG 11K illustrates an exemplary single display with the sequence flows for the
first 642(a) and second 642(b) sequence descriptions according to a display of an electrical
model of FIG 11J. FIG 11L illustrates an the exemplary sequence view 620 of FIG 11K
where a condition transition in 1110 has been added to the beginning of mechanical step
432(b). FIG 11L illustrates an the exemplary sequence view 620 of FIG 11K where a
condition 1110 has been added to the beginning of electrical transition 634(b). FIG 11M
illustrates an the exemplary sequence view 620 of FIG 11K where a condition transition in
1115 has output has been added to electrical step .

[00197] The above disclosure describes an external link being altered when external
transitions and other objects are added. It would be understood that the transitions and other
objects may be altered, thereby altering the external link.

Split and Merge
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[00198] As previously noted, the modeling of the automation system may be complex.
Along with this the runtime sofiware produced for the PLC may be complex. This may be the
result of factors such as numerous resources, parallel operations, and altemative paths as
described above. Therefore, it may be desirable to produce split the runtime software of the
automation system into smaller portions. Each portion being a subset of the runtime software

for the automation system and executes on a separate PLC.

[00199] Advantages may be realized from the smaller portions. For example, the PLC
programming may be less complex. Furthermore, a less expensive PLC might be used since a

reduction of Input/Output (1/0) would occur with smaller portions.

[00200] Thus, by splitting the runtime software into smaller portions, each PLC may be
responsible for controlling one or more resource. However, the determination of how to split
up the software may not be initially known during the modeling phase. Moreover, it would be
desirable the splitting be adaptable after the modeling phase. Preferably, one or more
resources may be selected for each runtime software.

[00201] FIG 12A illustrates an exemplary GUI tool 605(k) to split the programming of the
automation system of FIGs 6 into a plurality of sequences. Each sequence producing a
runtime software. Via the GUI tool 605(k) sequences may be altered. As shown in the
illustration, a single sequence 1210(a) the name Sequencel is provided. Preferably the name
of the sequence may be altered by the designer. In the illustrated example, Sequence 1
includes the lifier, the securing ends and the roller resources. Thus, a single runtime software
is produced to be executed on a single PLC. The single runtime sofiware responsible for the

lifter, securing ends and the roller resources.

[00202] FIG 12B illustrates splitting the programming of the automation system such that
each sequence includes only one resource. GUI tool 605(k) shows 1210(b), 1210(c), 1210(d)
each with a single resource. The splitting may be done, for example, via a GUI tool option
such as the button 1212 which automatically splits all the resources into a separate sequence.
In another embodiment the splitting is done by a user identifying the resource from
Sequencel to be split to a different sequence. The identification may be done, for example,
by placing a cursor over the identified resource and clicking and/or clicking and dragging the
identified resource to the different sequence. If the different sequence does not exist, then it is
created. Likewise, if the last resource is split for a sequence, the sequence is removed. FIG

12C illustrates a further spliting of the programming of the automation system with
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sequences 1210(e) 1210(f). The above examples show how a resource may be split from a

sequence lo a different sequence.

[00203] Furthermore, all the resources may be merged back into a single sequence or back
into a sequence the resource was split from. The merge may be done, for example via a GUI
tool option such as the button 1214 which automatically merges all the resources into a single
sequence. In another embodiment, the merge is done a user identifying the resource to be
merged. The identification may be done, for example, by placing a cursor over the identified
resource and clicking and/or clicking and dragging the identified resource to the different

sequence.

[00204] In a preferred embodiment, the sequence view of the electrical model is
automatically altered to reflect the splitting of the programming. FIG 12D illustrates an
exemplary sequence view 1320 of the electrical model according to a single sequence
1330(a) of FIG 12A. A runtime software may be produced from the single sequence 1330
which would control the lifter, securing ends and rollers. FIG 12E illustrates an exemplary
sequence view 1320 of the electrical model according including sequences 1330(b) 1330(c)
1330(d) of FIG 12B. Thus, three separate runtime software may be produced, one to control
the lifter, one to control the securing ends and one to control the rollers. FIG 12F illustrates
an exemplary sequence view 1320 of the electrical model according including sequences
1330(e) 1330(f) of FIG 12C. Thus, two separate runtime software may be produced, one to

control the lifter, and one to control the securing ends and the rollers.

[00205]  Although the above illustrations are shown using the electrical model, it would be
understood that the splitting and merging of resources into sequences may be done in the

mechanical model.

Monitoring via the Visual Model

[00206] After a PLC of the automation system has loaded with the PLC runtime software
the automation system may be monitored. Advantageously, the monitoring is via the
electrical sequence flow used to create the PLC runtime software. A further advantage is that
the monitoring may be done while the automation system is online and not just as a
debugging tool. For this purpose, it is possible the monitoring is done remotely from the

automation system.

[00207] For simplicity, the exemplary automation system to be monitored as described

below has a single PLC. It would be understood that an automation system having multiple
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PLCs may monitored using the same principles. Furthermore, for simplicity, the electrical
sequence flow as described below does not have altemative paths. It would be understood
that an electrical sequence flow having multiple may used to monitor the automation system

with the same principles as described below.

[00208] FIG 13A illustrates exemplary embodiments of a computing device 310 that may
montitor the PLC. The same computing device 310(a) used to model the automation system
and to create PLC runtime software may be used to monitor the PLC. Other configurations to
monitor the automation system include a different computing device 310(b) connected over
the network 305(a), a computing device 310(b) connected over a different network 305(b)
and a computing device 310(d) physically coupled to PLC 360 directly or couple indirectly
such as through a backplane. The computing device 310 used to monitor the PLC includes
information used to model the automation system. For example, the XML file 382 and/or the
PLC runtime software 382 may be included on the computing device 310 used to monitor the
PLC.

[00209] While the PLC executes, PLC runtime information is received effective to map
the PLC execution to where the execution is occurring in the visual model of the electrical
sequence flow. The PLC runtime information is received during a real time of the operation
of the automation system. FIG 13B illustrates an exemplary computing device 310 that
receives PLC runtime information. The PLC runtime information may include an input signal
1315(a) and/or output signal 1315(b) and or current active step 1318 information regarding
the PLC runtime software. It should be noted that the current active step of the PLC does not
necessarily correspond directly to an electrical step. In contrast, the current active step of the
PLC step corresponds to the PLC runtime sofiware and relates to the current execution state
of the PLC.

[00210] In addition, a data adapter device 1310 may be required in order to translate the
PLC runtime information to information corresponding to the electrical sequence flow. The
data adapter device 1310 may interface directly or indirectly to both the PLC 360 and to the
computing device 310. Software may be included in the data adapter device 1310 to facilitate
the translation. In one embodiment, the data adapter 1310 may be able to translate a plurality
of PLC target tvpes. In another embodiment the data adapter 1310 translates only one specific
PLC target type. It is also possible that a data adapter 1310 be specific to a simulation PLC.

[00211] It would be understood that the functionality of the data adapter device 1301 may
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be provided directly by the computing device 310, thus, removing the need for a separate data
adapter device 1301. The functionality could be provided by the computing device 1310 via

software, hardware or combinations thereof.

[00212] FIG 13C, illustrates an exemplary monitoring of an automation system. The
automation system being monitored is the exemplary lifting apparatus having the sequence
view 1320 of the electrical model from FIG 6G. A visual representation 1325 of the current

execution state of the PLC is provided.

[00213] In the illustration, the visual representation is a line 1325(a) which extends
perpendicularly from the time scale across at least a portion of the electrical sequence flow
represented by the graphical view 1630. The line 1325(a) moves in a right angle to the time
scale 622 in a direction of increasing time of the time scale. The line 1325 visually represents
via the electrical sequence flow the current execution state of the PLC. To the right of the line
is what is yet to be executed and the left is what has been executed. At the last transition
660(g) the line 1325 would start back at time 0 and execution would start.

[00214] Where the line 1325(a) intersects an electrical element denotes the current
execution state of the PLC. In the illustration, line 1325(a) intersects with the electrical step
632(a) which visually represents the current active step of the PLC. Signal markers 1326 may
also be provided to indicate a current signal value on the signal line.

[00215] FIG 13D illustrates the exemplary monitoring of the automation system of FIG
13C at a later time. According to the illustration, the line 1325(b) is at the end of electrical
step 632(e), which visually represent that the PLC has finished a step corresponding to

electrical step 632(a) and will be transitioning to a new step.

[00216] Although a visual representation is illustrated as a narrow line it would be
understood other means such as an execution band 1327(b) as shown in FIG 13E could be
used. The band execution band 1327(b) represents a region of the PLC execution. Other
visualization methods may be incorporated such as changing the color or brightness of the
elecirical element, signal line, and/or conditions which visually represents the execution of
the PLC. This may be especially useful to denote an alternative path. Furthermore, a
condition that is fulfilled may be represented in a different manner than a condition that is not
fulfilled.

[00217]) FIG 13F illustrates a model with an electrical transition 660 multiple conditions.
The signal line 650(c) corresponds to the securing_ends down input signal, and the signal
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line 650(d) corresponds to the securing_ends up input signal. A signal line 650(e)
corresponds to a input signal thal represents when a parcel is on the surface of the lifling
apparatus. In the exemplary illustration, electrical transition 632(d’) is based on condition
660(i) and condition 660(c). It is possible that a condition 660 is not fulfilled. For example,
the parcel may not be on the surface of the lifting apparatus in which case condition 660(i) is
not fulfilled. Assuming that condition 660(c) is fulfilled, the display for the conditions would

have to different. For example, different colors.

[00218] For the example of 13F, the transition 632(d’) cannot occur since all the
conditions 660 were not fulfilled. In which case, a transition from electrical step 632(c)
cannot occur. In which case a transition to an error state may occur based on the attributes of
the current electrical step 632(c). It may be desirable to have in the monitoring display a

visual representation of the timing attributes of the current electrical step.

[00219] FIG 13G illustrates a representation of the time attributes for an electrical step 632
as a duration of time. The time attributes illustrated are a waiting time 1332 and watchdog
timer 1334 of an electrical step 632 over a time scale 1322. A visual representation of the
current execution state of the PLC is displayed via line 1325. According the illustration, the
waiting time 1332 has exceeded but not the watchdog timer 1334. After the watchdog timer
1334 is exceeded, a transition would occur to the error state 1336.

[00220] It may be desirable to control the monitoring automation system. For this purpose
one or more control buttons 1340 may be added. For example, a play button 1340(a) and/or
pause button 1340(b) and/or a stop button 1340(c) may be added. The monitoring user may
select one of the buttons 1340 to control the monitoring. A play button 1340(a) may be
selected to start or resume monitoring when monitoring is stopped. A pause button 1340(b)
may be selected to temporarily pause monitoring and the stop button 1340(c) may be selected
to stop the monitoring. The stop button 1340(c) may act similarly to the pause button 1340(a)

or it may reset monitoring to start at the beginning with a time 0.

[00221]  The control of the monitoring may or may not have an effect on the PLC. That is,
selecting the pause button 1340(b) will pause the monitoring but the automation PLC may
still keep running. When this is the case and the play button 1340(a) is selected to resume
monitoring, the automation system may not be at the same point as when the pause button
1340(b) was selected. At this point, the visual representation has to adjust to the current

execution which could cause a jump in the visual representation. For example, the line 1325

42



WO 2010/121097 PCT/US2010/031343

may be at a time 2 when the pause button 1340(b) was selected and jump to a time of 35
when the play button 1340(a) is selected. A similar situation exists when the stop button
1340(c) is selected. The stop button 1340(b) may not stop the PLC execution.

[00222] Depending on the PLC target type, it may however be possible to control at least a
portion of the execution of the PLC. In this case the pause button 1340(b) may stop execution
of the PLC and allow it to resume where it stopped when the play button 1340(b) is selected.
Likewise, the stop buiton 1340(b) may reset the PLC to start at a time 0. This may also
including reinitializing PLC data.

[00223] A record and playback functionality may also be provided. A record button
1340(d) may be provided to record the execution of the automation system. The recorded
execution could be played back at a latter time to allow the designer or other user to do error
analysis even if the sequence is executed in a very small timeframes or very complex. This
may allow for improved timing control of the automation system. In this case the monitoring
of the playback would not be in real time. The play back may be, for example, via the play
button 1330(a) or a further defined button.

[00224] While the invention has been described in terms of a certain preferred
embodiment and suggested possible modifications thereto, other embodiments and
modifications apparent to those of ordinary skill in the art are also within the scope of this
invention without departure from the spirit and scope of this invention. Thus, the scope of the
invention should be determined based upon the appended claims and their legal equivalents,
rather than the specific embodiments described above.
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W Clamne

t A method for montoring an onding actomation system, comprising:
displaving a moddd of the mdomation syxtem that was wsed o program a
progranwnable logie consroller in the amtomation systeny
repeating over a period of time:
receiving  ipul effective to mdicsle an exeqution programmahle logie
sontrotier; and
proviing a visual ropresentstion which represents the exscution of the

progranmumable {ogic congrodler, the visual representationy provided on the displaved model.

2 The method as chamed in claim 1, wherein

the madel mcludes an electvical sequence flow portaining 10 a resouree, the clecinical

sequence fow comprising a phaalitv of electrical sequence slements.

3 The method ag clatrsed m clam 2, wheren

the clegirical sequencs flow includes asignal line ared 2 condition,

4, The method as clabmed o olgim 1, whetein
the display scludes o tme seale,
the visual representation mcludes 3 hog perpendicalar to the time scale and wiuch

moves slong the ime seale dunng the execution.

P

A The method as clabmed in ol 1, wheren

4,
i

the wvisual vepresontabion inclodes color wmdications of the execation of the

progemmable fngde contrallar,

& The method as clatmed in o §, wherain
the recetving input includes signal information.

7. The method as claimed in oabm L, whersin

the receiving input mcludss prograsmable logic controller step information.
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8. The method ax clmmed i olaim §, further compnsing
recetving npud via @ user merface effsctive to control the womstoang of the

aulomation sysiem,

& The method as claimed in olaumn 8, whereny:
the input vig the uwser interface mdicates to stop the momtoring of the aulowstion

aysiem.

13 Thewmethod as clabmed in claum 8, wherem:
the wmpot via the user interface indicates o pavye the monHoring of the astmnadion

v siem.

it The method as claimed in claim 8, whereint
the wput vig the user wierface indicates {0 record the monitinag of the astomstion

R

12 The method as claimed i clam 8, wheremn:

the mpat via the wser interface mndicates to plavback a recorded momitering of the

automation svsten.

£3 The method 23 clatmed o ol 8, wheramy:
the control of the automaton systen does uot melude a control of the progrevomabla

fogie controfler.

14 The method as clavmed in claim B, wherein

the control of the avtomation systom includes a contral of the prog

anunably logic

confrotier.
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15 A cwoputer-usable medium including computer readable nstructions stored
thereon for execation by @ provessor 1o perfiom o msthed fo monitoring an onhine
automation system, comprsing:

displaving a nodel of the actomation system thal wis ssed 0 progoum 2
progravunabde fogic convoller in the adomation system,

repeatmg over a period of e

recsiving input s the onling mdomation svslem affective o mbcats
execution progravunible logic controtier: and

providing 3 viveal represeniation on the displaving of the model which
represents the execudion of the progranumable logie contradler

6, An grrangoment, COMprishig:

any aslomation system comprising a programmable fogic controller that inclades a
programmable fogic cosrolier rantime soltware;

& mositoning sysiem, coppising:

a CFu,

3 THRYROTY,

a program for mamtsnng the sutomation svsiem and thal oxecutes on the
CPY,

g created model stored in the memory and used o create programmadle logic
condrotier runtime sofbware, and

a user bmerface effective 1o reosive nput from a user and fo display the
creatad model;

mput recsrved effective to indicate an execution of the programmable ogie controlier;
and

& visual represemntation based on the recetved i, which reprecents the execution of

the programmalide logie controdizr, 1s displavad with a visual displav of the creatad modal

17, Thearangement ss claimed i olabm 16, whenen

the progrant i further provided for modeling the automation systeny

L5
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PE The srrangement as claimed in olatm 16, further comprising
& data adapter devive coupled (o the mstomation svstem and the modeling svatem, the

data adapter transiaies a rontime informanion from the programmable logic controller o the

arformation effective to indicate an execution of the progravunable logie controllar,
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