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(57) ABSTRACT 
A process controller a procedure module that includes 
instructions for executing a procedure, and a plurality of 
Supplemental procedure modules, each of which includes 
instructions for executing one of a plurality of Supplemental 
procedures. The process controller also includes a process 
monitor processor configured to receive an input electronic 
signal indicative of a status of a process feature, apply logic 
based on the input electronic signal, and generate an output 
electronic signal in response to the input electronic signal. 
The process controller also includes a sequence engine 
processor configured to execute the procedure, receive the 
output electronic signal, apply logic based on the output 
electronic signal, select one or more of the plurality of 
Supplemental procedures based on the received output elec 
tronic signal, and execute the selected one or more of the 
plurality of Supplemental procedures. 

23 Claims, 8 Drawing Sheets 
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1. 

SYSTEMS AND METHODS FOR PROCESS 
CONTROL INCLUDING 

PROCESS-NITATED WORKFLOW 

BACKGROUND 

The present invention relates generally to control systems 
and, more particularly, to process control systems. 

Process control systems are used in a variety of industries, 
Such as oil refining, paper manufacturing, chemical manu 
facturing, power plants, and so forth. These systems may 
enable a small staff of operating personnel to operate a 
complex process from a control room. Process control 
systems may include a variety of process controllers. Such as 
programmable logic controllers, distributed controller sys 
tems, or Supervisory control and data acquisition systems, 
for example. In addition, process control systems may be 
characterized as discrete systems, batch systems, continuous 
systems, or a combination thereof. For example, in batch 
systems, a control sequence may be encoded within the 
process controller. Such control sequences may include a 
plurality of tasks or instructions that are performed to 
produce batches of a product. Operators may initiate or start 
Such control sequences to begin producing the batches of 
product. Unfortunately, it is now recognized that it may be 
difficult for such batch control sequences to respond to 
changes in the status of equipment and/or materials used in 
making the product. For example, existing batch control 
sequences may be unable to execute or invoke other control 
sequences in response to such equipment and/or material 
changes. 

BRIEF DESCRIPTION 

In one embodiment, a process controller includes memory 
circuitry and processing circuitry. The memory circuitry 
includes a procedure module that includes instructions for 
executing a procedure. The memory circuitry also includes 
a plurality of Supplemental procedure modules. Each of the 
plurality of Supplemental procedure modules includes 
instructions for executing one of a plurality of Supplemental 
procedures. The memory circuitry also includes a produc 
tion record module that includes instructions for storing data 
corresponding to a production record. The processing cir 
cuitry includes a process monitor processor configured to 
receive an input electronic signal indicative of a status of a 
process feature, apply logic based on the input electronic 
signal, and generate an output electronic signal in response 
to the input electronic signal. The processing circuitry also 
includes a sequence engine processor configured to execute 
the procedure, receive the output electronic signal, apply 
logic based on the output electronic signal, select one or 
more of the plurality of Supplemental procedures based on 
the received output electronic signal, execute the selected 
one or more of the plurality of Supplemental procedures, and 
update the production record with data generated by the 
procedure and the one or more of the plurality of Supple 
mental procedures. 

In another embodiment, a program stored on a non 
transitory computer readable storage medium includes com 
puter code disposed on the computer readable storage 
medium. The code includes instructions for automating a 
process. The instructions include instructions for transmit 
ting an input electronic signal indicative of a status of a 
process feature to a process monitor processor, instructions 
for applying logic by the process monitor processor based on 
the input electronic signal, and instructions for generating an 
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2 
output electronic signal from the process monitor processor 
in response to the input electronic signal. The instructions 
also include instructions for executing a procedure by a 
sequence engine processor, instructions for transmitting the 
output electronic signal from the process monitor processor 
to the sequence engine processor, and instructions for apply 
ing logic by the sequence engine processor based on the 
output electronic signal. The instructions also include 
instructions for selecting one or more of a plurality of 
Supplemental procedures by the sequence engine processor 
based on the output electronic signal, instructions for 
executing the selected one or more of the plurality of 
Supplemental procedures by the sequence engine processor, 
and instructions for updating a production record with data 
generated by the procedure and the one or more of the 
plurality of Supplemental procedures. 

In yet another embodiment, a method for controlling a 
process with an industrial automation system includes trans 
mitting an input electronic signal indicative of a status of a 
process feature to a process monitor processor, applying 
logic by the process monitor processor based on the input 
electronic signal, and generating an output electronic signal 
from the process monitor processor in response to the input 
electronic signal. The method also includes executing a 
procedure by a sequence engine processor, transmitting the 
output electronic signal from the process monitor processor 
to the sequence engine processor, and applying logic by the 
sequence engine processor based on the output electronic 
signal. The method also includes selecting one or more of a 
plurality of supplemental procedures by the sequence engine 
processor based on the output electronic signal, executing 
the selected one or more of the plurality of supplemental 
procedures by the sequence engine processor, and updating 
a production record with data generated by the procedure 
and the one or more of the plurality of Supplemental pro 
cedures. 

DRAWINGS 

These and other features, aspects, and advantages of the 
present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 

FIG. 1 is a diagrammatical representation of a process 
system equipped with a control system having one or more 
controllers in accordance with an embodiment of the present 
technique; 

FIG. 2 is a diagrammatical representation of certain 
functional components that may be included in a controller 
in accordance with an embodiment of the present technique; 

FIG. 3 is a diagrammatical representation of a process 
controller in accordance with an embodiment of the present 
technique; 

FIG. 4 is a flow chart of a process for operating an 
embodiment of a process controller in accordance with an 
embodiment of the present technique; 

FIG. 5 is a block diagram of a procedure and a plurality 
of Supplemental procedures in accordance with an embodi 
ment of the present technique; 

FIG. 6 is a block diagram of an embodiment of a process 
controller and equipment controlled by the process control 
ler in accordance with an embodiment of the present tech 
nique; 

FIG. 7 is a timing diagram for a procedure and a plurality 
of Supplemental procedures in accordance with an embodi 
ment of the present technique; and 
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FIG. 8 is a block diagram of equipment that includes a 
plurality of Supplemental procedures in accordance with an 
embodiment of the present technique. 

DETAILED DESCRIPTION 

While the present disclosure may be susceptible to vari 
ous modifications and alternative forms, specific embodi 
ments have been shown by way of example in the drawings 
and tables and have been described in detail herein. How 
ever, it should be understood that the embodiments are not 
intended to be limited to the particular forms disclosed. 
Rather, the disclosure is to cover all modifications, equiva 
lents, and alternatives falling within the spirit and scope of 
the disclosure as defined by the following appended claims. 
Further, although individual embodiments are discussed 
herein to simplify explanation, the disclosure is intended to 
cover all combinations of these embodiments. 
As discussed in detail below, embodiments of the present 

technique function to provide memory circuitry and pro 
cessing circuitry for an industrial control and automation 
system, such as a process controller, that provides process 
initiated workflows. In particular, the memory circuitry may 
include various modules that include instructions for execut 
ing a procedure, executing one or more Supplemental pro 
cedures, and storing data associated with the procedures and 
Supplemental procedures in a production record. The pro 
cessing circuitry may include a first processor configured to 
apply logic to an input electronic signal to generate an output 
electronic signal. The input electronic signal may be indica 
tive of a change in the process. The processing circuitry may 
also include a second processor configured to execute the 
procedure, receive the output electronic signal, select one or 
more of the supplemental procedures based on the received 
output signal, execute the one or more selected Supplemental 
procedures, and update the production record with data 
generated by the procedure and the one or more of the 
selected Supplemental procedures. Thus, the process con 
troller may be able to respond to changes in the process by 
executing the appropriate Supplemental procedures. In other 
words, Supplemental procedures or workflows are process 
initiated in that changes in the process result in generation of 
Supplemental workflows. In addition, the record may include 
historical and current data associated with the procedure and 
the selected Supplemental procedures in a format readily 
accessible to operating personnel, engineers, and/or man 
agement. 

Turning now to the drawings, and referring first to FIG. 1, 
a process system 10 is illustrated that is at least partially 
regulated by a control system 12 having one or more 
controllers 14. The process system 10 may be any conceiv 
able type of process, such as a manufacturing process, a 
steady state or batch process, a chemical process, a material 
handling process, an energy production process, and so 
forth. In an exemplary embodiment, as will be described in 
further detail below with reference to FIGS. 5 through 8, the 
process system 10 may be implemented in the context of a 
bread making process. Thus, the process controller 14 may 
be a batch process controller in certain embodiments. 

In general, the process system 10 of FIG. 1 may receive 
one or more inputs 16, and produce one or more outputs 18. 
By way of example, in complex processes found in industry, 
many such inputs may be utilized, including feedstocks, raw 
materials, electrical energy, fuels, parts, assemblies and 
sub-assemblies, and so forth. The outputs 18 may include 
finished products, semi-finished products, assemblies, 
manufacturing products, byproducts, and so forth. Based 
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4 
upon the system dynamics, the physics of the system and 
similar factors, the control system 12, may regulate opera 
tions of the process system 10 in order to control both the 
production of the outputs 18 as well as quality of the outputs 
18, and so forth. 

In the illustrated embodiment, the control system 12 may 
perform control functions 22 in response to process infor 
mation 20 received from the process system 10. For 
instance, the process information 20 may be provided by one 
or more sensors 24 configured to detect and/or measure 
certain parameters of the process system 10. In general. Such 
sensors 24 may include measurement devices, transducers, 
and the like that may produce discrete or analog signals and 
values representative of various variables of the process 
system 10. The sensors 24 may be coupled to the one or 
more controllers 14 of the control system 12, which in turn 
controls actuators (e.g., valve actuators, pump actuators, and 
so forth) 26 of the process system 10 that can be used to 
manipulate the process system 10. In practice, many Such 
sensors 24 and more than one controller 14 may be provided 
in the control system 12. Such sensors 24 commonly pro 
duce Voltage or current outputs that are representative of the 
sensed variables. The process information 20 may represent 
“on-process' measurements of various parameters obtained 
directly from the process (e.g., using the sensors 24). As 
used herein, the terms “on-process measurements' or 
“online measurements’ or the like shall be understood to 
refer to measurements of process parameters acquired 
directly from the process system 10. Additionally, the pro 
cess information 20 may also include controllable and 
external operating constraints, as well as user-specified set 
points. Such constraints may be received from a laboratory 
testing facility 28 and may include laboratory measurements 
30 for use as reference data or setpoints. 

FIG. 2 illustrates certain exemplary components that may 
be included in a controller 14 of the type illustrated in FIG. 
1, which may be configured to implement various Supple 
mental procedures in response to process changes, as 
described in detail below. Many other components may be 
included in the controller 14 depending upon the system 
design, the type of system controlled, the system control 
requirements, and so forth. In the illustrated embodiment, 
interface circuitry 34 receives process information 20, 
which, as discussed above, may include values or signals 
obtained using the sensors 24. The interface circuitry 34 may 
include filtering circuitry, analog-to-digital conversion cir 
cuitry, and so forth. The interface circuitry 34 is in data 
communication with processing circuitry 36, which may 
include any Suitable processor, Such as a microprocessor, a 
field programmable gate array, and so forth. The processing 
circuitry 36 may carry out control functions and, in the 
present embodiment, may execute various Supplemental 
procedures in response to process changes. By way of 
example, the processing circuitry 36 may include a sequence 
engine processor 38 and/or a process monitor processor 40. 
The sequence engine processor 38 may execute one or more 
procedural sequences, which may be a series of instructions 
or steps used to produce the products 18. Examples of 
procedural sequences, or procedures, include sequences of 
process automation control programs, manual instructions, 
Software modules, and so forth. The process monitor pro 
cessor 40 may initiate specified Supplemental procedural 
sequences, or Supplemental procedures, when certain con 
ditions, such as process changes, trigger actions to be 
performed. Although the processing circuitry 36 is shown 
disposed in the process controller 14, in other embodiments 
the processing circuitry 36 may be disposed in a tablet, a 
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workstation, a cloud-based virtual device, a computing 
device, or any combination thereof. 
The processing circuitry 36 is also in data communication 

with memory circuitry 42, which may include one or more 
memory modules that store control routines to be executed 5 
by the processing circuitry 36, as well as store certain 
desired variables, variable settings, set points, and so forth, 
as will be appreciated by those skilled in the art. For 
example, the memory circuitry 42 may include a scheduling 
program module 44, a procedures module 46, a Supplemen- 10 
tal procedures module 48, and/or a production record mod 
ule 50. The scheduling program module 44 may include 
instructions for initiating one or more procedural sequences 
based on a predetermined schedule. The procedures module 
46 may include instructions for the one or more procedural 15 
sequences to be executed by the sequence engine 38. In 
further embodiments, the procedures module 46 may 
include instructions for a sequence of process automation 
control programs, a sequence of manual instructions, a 
sequence of Software modules, or a combination thereof. 20 
The supplemental procedures module 48 may include 
instructions for one or more Supplemental procedural 
sequences to be executed by the sequence engine 38 in 
response to process information 20, for example. In further 
embodiments, the Supplemental procedures module 48 may 25 
include instructions for a sequence of process automation 
control programs, a sequence of manual instructions, a 
sequence of software modules, or a combination thereof. In 
certain embodiments, the Supplemental procedures module 
48 may include instructions for exception handling separate 30 
from the procedures module 46. Exception handling may 
refer to instructions configured to handle the occurrence of 
exceptions, or special conditions that change the normal 
flow of program execution. Thus, the Supplemental proce 
dures module 48 may be able to handle exceptions without 35 
relying on exception handling from the procedures module 
46. The production record module 50 may include instruc 
tions for storing data associated with executed procedural 
sequences and Supplemental procedural sequences in a pro 
duction record. 40 

Both the processing circuitry 36 and the memory circuitry 
42 may be in data communication with an operator interface 
52, which may enable an operator to provide input or 
instructions to the controller 14. In certain embodiments, the 
operator interface 52 may include a display. For example, 45 
the operator may use the operator interface 52 to view data, 
output, statuses, and other information regarding the con 
troller 14. In addition, the processing circuitry 36, based 
upon the modules of the memory circuitry 42, may output 
signals to interface circuitry 54 that may be used to drive the 50 
actuators 26 of the process system 10 of FIG. 1. The 
interface circuitry 44 may include various driver circuits, 
amplification circuits, digital-to-analog conversion circuitry, 
and so forth. That is, based upon the process information 20 
received, the controller 14 may determine appropriate con- 55 
trol actions or outputs based on the variable relationships, 
constraints, and/or objectives defined by the memory cir 
cuitry 42. 
The controller 14 may also include communications inter 

face circuitry 56. By way of example, the communications 60 
interface circuitry 56 may include networking circuitry 58 
configured to network the controller 14 with other control 
lers that may be implemented in the control system 12, as 
well as with remote monitoring and control systems, for 
instance. Further, the communications interface circuitry 56 65 
may also network the controller 14 with the laboratory 
testing facility 28 as shown in FIG. 1 for receiving labora 

6 
tory data 30 representing the measurements of certain pro 
cess parameters. Particularly, these laboratory measure 
ments 30 may represent the measured values of parameters 
not directly measurable during the period in which the 
product 18 is being produced by the process system 10, and 
may be obtained or measured by performing one or more 
testing procedures on a sample of the finished product 18. 
While this component has been referred to herein as a 
“laboratory testing facility’ for purposes of the present 
discussion, it should be understood that the offline testing 
arrangement represented by the reference numeral 28 may 
include any conceivable type of testing arrangement capable 
of obtaining and providing off-process measurements of 
process parameters, including automated or dedicated test 
ing equipment, offline sensors, to name just a few. As used 
herein, the terms "off-process measurements’ or “offline 
measurements' or the like shall be understood to refer to 
measurements of process parameters acquired in Such set 
tings that are separate from the process system 10. 

FIG.3 is a block diagram of an embodiment of the process 
controller 14 illustrating relationships between various com 
ponents. Specifically, FIG. 3 shows how changes in the 
process result in generation of process-initiated Supplemen 
tal workflows or procedures. Elements in FIG. 3 in common 
with those shown in FIGS. 1 and 2 are labeled with the same 
reference numerals. As shown in FIG. 3, the process monitor 
40 may receive input indicative of a status of a process 
feature 72. For example, the process feature 72 may include 
one or more pieces of equipment 74 of the process system 
10, and the status of the equipment 74 may include an 
operational state, temperature, pressure, flow rate, power 
consumption, availability, maintenance status, or any com 
bination thereof. In addition, the process feature 72 may 
include a procedure step 76, which may be a step of one or 
more procedural sequences and/or Supplemental procedural 
sequences being executed by one or more of the process 
controllers 14 of the process system 10, and the status of the 
procedure step 76 may include an identification, state, and/or 
attribute of the procedure step 76. Specifically, the status of 
the procedure step 76 may indicate whether the procedure 
step 76 is ready to start, running, halted, stopped, or any 
combination thereof. The process feature 72 may also 
include a material 78, which may be any material, ingredi 
ent, or component used by the process system 10. For 
example, the status of the material 78 may include a mass, 
Volume, temperature, pressure, strength, concentration, age, 
history, or any combination thereof. One or more of the 
equipment 74, procedure 76, and/or material 78 of the 
process feature 72 may generate an input electronic signal 
80 that is sent to the process monitor 40. In certain embodi 
ments, the process feature 72 may include one or more 
sensors 24 that generate the input electronic signal 80 
indicative of the status of the process feature 72. In general, 
the input electronic signal 80 may carry information corre 
sponding to the process information 20. In certain embodi 
ments, the operator may send the input electronic signal 80 
to the process monitor 40 via the operator interface 52. In 
Such embodiments, sensors 24 may be unavailable to send 
the input electronic signal 80 directly to the process monitor 
40. For example, the input electronic signal 80 generated by 
the operator may correspond to laboratory data 30. 
The process monitor 40 shown in FIG.3 may apply logic 

based on the input electronic signal 80. Such logic may be 
used to change or modify the procedure being executed by 
the sequence engine 38 via an output electronic signal 82. 
For example, the status of the equipment 74 may indicate 
unavailability of a piece of equipment. The logic performed 
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by the process monitor 40 may direct the sequence engine 38 
to Swap to a spare piece of equipment. By further example, 
the status of the material 78 may indicate unavailability of 
an ingredient. The logic performed by the process monitor 
40 may direct the sequence engine 38 to use an alternative 
ingredient. Specifically, the process monitor 40 may gener 
ate the output electronic signal 82 in response to the input 
electronic signal 80. The sequence engine 38 may then 
receive the output electronic signal 82. In certain embodi 
ments, the operator may send the output electronic signal 82 
directly to the sequence engine 38 via the operator interface 
52. For example, the operator may be aware of a change in 
a process feature 72 that is not sent to the process monitor 
40 via the input electronic signal 80. 
As described above, the sequence engine 38 may execute 

the one or more procedures stored in the procedures module 
46 of the memory circuitry 42. In addition, the sequence 
engine 38 applies logic based on the output electronic signal 
82 from the process monitor 40. Specifically, the logic may 
direct the sequence engine 38 to select one or more of the 
Supplemental procedures stored in the Supplemental proce 
dures module 48 based on the received output electronic 
signal 82. As shown in FIG. 3, the supplemental procedures 
module 48 may include up to N supplemental procedures. In 
response to the received output electronic signal 82, the 
sequence engine 38 may generate commands 84 to receive 
and execute the selected one or more of the N supplemental 
procedures stored in the Supplemental procedures module 
48. For example, one of the N supplemental procedures may 
include instructions for the sequence engine 38 to Swap from 
an unavailable piece of equipment to a spare piece of 
equipment. By further example, another supplemental pro 
cedure may include instructions to direct the sequence 
engine 38 to use an alternative ingredient when a primary 
ingredient is unavailable. Thus, changes in the process result 
in the selection of process-initiated Supplemental proce 
dures. In certain embodiments, the sequence engine 38 may 
generate commands 84 to execute two or more of the N 
Supplemental procedures stored in the Supplemental proce 
dures module 48 in parallel. 

Execution by the sequence engine 38 of the procedures 
stored in the procedures module 46 and the Supplemental 
procedures stored in the Supplemental procedures module 48 
may generate data 86 that is sent to the production record 50. 
In certain embodiments, the data 86 may include time values 
corresponding to when steps or instructions of the proce 
dures and/or Supplemental procedures were executed by the 
sequence engine 38. In other embodiments, the data 86 may 
include values of process variables, alarms, messages, and 
So forth, which also may include time values corresponding 
to when the events occurred. Output 88 from the production 
record 50 may be made available to the operator via the 
operator interface 52. For example, the operator may be able 
to view the steps of the procedures and/or Supplemental 
procedures via the operator interface 52. In addition, the data 
86 may be sorted based on the time values associated with 
the data 86. Thus, although the sequence engine 38 may 
execute steps from one or more different procedures and/or 
Supplemental procedures, Sorting of the data 86 based on 
time values enables the production record 50 to provide a 
continuous contextual thread of the steps and other events 
associated with the process system 10. 

FIG. 4 is a flow chart of a process 100 that may be 
performed by the process controller 14 to select supplemen 
tal procedures based on process changes. An embodiment of 
the invention may be embodied in the form of computer 
implemented processes and apparatuses for practicing those 
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8 
processes. Embodiments of the present invention may also 
be embodied in the form of a computer program product 
having computer program code containing executable 
instructions embodied in non-transitory tangible, machine 
readable media, such as floppy diskettes, CD-ROMs, hard 
drives, USB (universal serial bus) drives, or any other 
tangible computer readable storage medium, wherein, when 
the computer program code is loaded into and executed by 
a computer, the computer becomes an apparatus for prac 
ticing embodiments of the invention. Embodiments of the 
invention also may be embodied in the form of computer 
program code, for example, whether stored in a storage 
medium or loaded into and/or executed by a computer, 
wherein when the computer program code is stored in and 
executed by a computer, the computer becomes an apparatus 
for practicing embodiments of the invention. When imple 
mented on a general-purpose processor, the computer pro 
gram code segments configure the processor to create spe 
cific logic circuits. 

Specifically, the process 100 may include computer code 
disposed on a non-transitory computer-readable storage 
medium or a process controller that includes such a non 
transitory computer-readable storage medium. The com 
puter code may include instructions for the sequence engine 
38 to execute one or more procedures stored in the proce 
dures module 46. In further embodiments, the code may 
include instructions for the sequence engine 38 to select and 
execute one or more Supplemental procedures stored in the 
Supplemental procedures module 48 based at least in part on 
the input electronic signal 80 sent to the process monitor 40. 
The input electronic signal 80 may indicate a change in the 
status of one or more process features 72. 

Returning to FIG. 4, in a step 102, the sequence engine 38 
begins executing the procedure stored in the procedures 
module 46. For example, the operator may initiate execution 
of the procedure using the operator interface 52. Alterna 
tively, the scheduling program 44 may start the procedure. In 
a step 104, the sequence engine 38 executes the various steps 
of the procedure. As each step of the procedure completes, 
the sequence engine 38 sends the data 86 to update the 
production record 50 in step 106. In parallel with the steps 
104 and 106, the sequence engine 38 determines whether the 
procedure is complete in a step 108. If the procedure is not 
complete, in a step 110, the process monitor 40 receives the 
input electronic signals 80 from the process feature 72. In a 
step 112, the process monitor 40 applies logic based on the 
input electronic signal 80. For example, the process monitor 
40 may determine whether a value of the input electronic 
signal 80 is outside a threshold, such as determining whether 
a piece of equipment is operating outside a temperature 
threshold. By further example, the process monitor 40 may 
determine that an ingredient is outside a minimum inventory 
threshold. If the value of the input electronic signal 80 is not 
outside of the threshold, the sequence engine 38 sends the 
data 86 to update the production record 50 in a step 114. The 
process 100 then returns to the step 108. Returning to the 
step 112, if the value of the input electronic signal 80 is 
outside of the threshold, the sequence engine 38 applies 
logic to the output electronic signal 82 to select an appro 
priate Supplemental procedure stored in the Supplemental 
procedures module 48 in a step 116. In a step 118, the 
sequence engine 38 sends the command 84 to receive and 
execute the selected Supplemental procedure. In certain 
embodiments, the Supplemental procedure may include 
logic or intelligence to determine whether to execute or not 
based on a status of one or more specified criteria associated 
with the supplemental procedure. For example, the specified 
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criterion may include a maintenance flag or other signal. If 
the status of the maintenance flag is clear, then the Supple 
mental procedure may be enabled to execute and if the flag 
is not clear, then the Supplemental procedure may be pre 
vented from executing. As another example, the specified 
criterion may include the number of instances of the Supple 
mental procedure that are running. If the number of 
instances is greater than one, additional instances of the 
Supplemental procedure may be prevented from running. In 
further embodiments, the threshold may include similar 
logic or intelligence to determine whether to execute the 
Supplemental procedure or not based a status of a specified 
criterion associated with the threshold. Thus, use of such 
specified criteria may help prevent a cycling situation in 
which a threshold is exceeded, a condition changes, and the 
threshold is exceeded again. After the Supplemental proce 
dure is complete, the sequence engine 38 sends the data 86 
associated with execution of the Supplemental procedure to 
update the production record 50 in the step 114. The process 
100 then returns to the step 108. If the value of the input 
electronic signal 80 is still outside of the threshold in the step 
112, the Supplemental procedure may execute again. How 
ever, in certain embodiments, the specified criteria associ 
ated with the supplemental procedure and/or threshold may 
not enable the Supplemental procedure to execute. Instead, 
the maintenance flag or other signal may prompt an operator 
to investigate why the Supplemental procedure is not having 
a desired effect. Thus, in certain embodiments, the Supple 
mental procedure is not executed every time the input 
electronic signal 80 is outside of the threshold. Returning to 
the step 108, if it is determined that the procedure has 
reached its final step, the process enters a step 120 to end the 
procedure. 

FIG. 5 is a block diagram of the relationships between the 
procedure and plurality of Supplemental procedures that may 
be used in making bread. The make bread procedure may be 
stored in the procedures module 46 and the plurality of 
Supplemental procedures may be stored in the Supplemental 
procedures module 48. The process of making bread using 
these procedures is a non-limiting example that is illustrative 
of present embodiments. The various steps of the procedure 
and the plurality of Supplemental procedures may be 
executed by the sequence engine 38 as described above. As 
shown in FIG. 5, the make bread procedure is represented 
using a sequential function chart. The procedure begins with 
an initial step 130. After the initial step 130, a transition 131, 
represented by a cross-shaped symbol in FIG. 5, fires and a 
pre-weigh ingredients step 132 becomes active. It should be 
noted that the term “fires' may refer to the transition 131 
becoming a true condition. In the step 132, the various 
ingredients used to make bread are weighed. After the 
ingredients have been pre-weighed, the transition 131 fol 
lowing the step 132 fires and steps 134 and 136 become 
active. Specifically, the dry ingredients are mixed in the step 
134 and the wet ingredients are mixed in the step 136. After 
both the dry ingredients and the wet ingredients are mixed, 
the transitions 131 following steps 134 and 136 fire and a 
step 138 becomes active. In the step 138, the dry ingredients 
and the wet ingredients are mixed together to form a dough. 
After mixing of the dough is complete, the transition 131 
following the step 138 fires and a step 140 becomes active. 
In the step 140, the dough is allowed to rise for a specified 
period, such as greater than 300 minutes as shown in FIG. 
5. After the specified period has elapsed, the transition 131 
following the step 140 fires and a step 142 becomes active. 
In the step 142, the dough is baked in an oven for a specified 
period, such as greater than 45 minutes as shown in FIG. 5. 
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10 
After the specified period has elapsed, the transition 131 
following the step 142 fires and a sequence terminator 144 
becomes active to end the make bread procedure. 
As described above, the one or more Supplemental pro 

cedures stored in the supplemental procedures module 48 
shown in FIG.5 may be executed by the sequence engine 38 
via the commands 84. The logic of the sequence engine 38 
may select the one or more Supplemental procedures based 
at least on what step the make bread procedure is in. For 
example, the commands 84 are shown in FIG. 5 linking the 
steps of the procedure with the appropriate Supplemental 
procedures. In other words, the sequence engine 38 may 
select a particular Supplemental procedure to be executed 
depending on which step of the procedure is being executed 
by the sequence engine 38. For example, if the procedure is 
in the step 132, either a scale calibration supplemental 
procedure 146 or a make ingredients Supplemental proce 
dure 148 may be executed. Similarly, if the procedure is in 
the step 136, a correct pH supplemental procedure 150 may 
be executed. If the procedure is in the step 138, a hydrate 
correction supplemental procedure 152 may be executed. If 
the procedure is in the step 140, an additional rise cycle 154 
Supplemental procedure may be executed. If the procedure 
is in the step 142, a clean oven supplemental procedure 156 
may be executed. The supplemental procedures 146, 148, 
150, 152, 154, and 156 are described in further detail below. 

For example, during the pre-weigh ingredients step 132, 
the process monitor 40 may receive the input electronic 
signal 80 from the equipment 74 indicating the status of a 
scale used during the pre-weigh ingredients step 132. The 
input electronic signal 80 from the scale may indicate that 
the scale is to be calibrated using the scale calibration 
Supplemental procedure 146. Thus, the sequence engine 38 
may generate the command 84 to the scale calibration 
supplemental procedure 146 to calibrate the scale to enable 
the make bread procedure to continue. Similarly, during the 
pre-weigh ingredients step 132, the process monitor 40 may 
receive the input electronic signal 80 from the material 78 
indicating a low inventory of one or more ingredients. Thus, 
the sequence engine 38 may generate the command 84 to the 
make ingredients Supplemental procedure 148 to produce 
additional ingredients to enable the procedure to continue. In 
the mix wet ingredients step 136, the process monitor 40 
may receive the input electronic signal 80 from the material 
78 indicating a pH of the wet ingredients outside of a 
threshold. Thus, the sequence engine 38 may generate the 
command 84 to the correct pH supplemental procedure 150 
to add additional material to bring the pH of the wet 
ingredients within the threshold. With the scale calibration, 
make ingredients, and correct pH Supplemental procedures 
146, 148 and 150, the procedure halts and the supplemental 
procedure 146, 148, and/or 150 completes before the pro 
cedure resumes. 

During the mix dough step 138 shown in FIG. 5, the 
process monitor 40 may receive the input electronic signal 
80 from the materials 78 indicating that a hydration of the 
dough is outside a threshold. The sequence engine 38 may 
generate the command 84 to execute the hydrate correction 
supplemental procedure 152, which may replace the step 
138 of the make bread procedure. In other words, the hydrate 
correction Supplemental procedure 152 may include steps to 
bring the hydration of the dough within the threshold, and to 
complete the mixing of the dough. Once mixing of the 
dough is complete, the hydrate correction Supplemental 
procedure 152 will cause the transition 131 after step 138 to 
fire and activate step 140. Similarly, the process monitor 40 
may receive the input electronic signal 80 from the materials 
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78 indicating that the dough requires additional rise time. 
Thus, the sequence engine 38 may generate the command 84 
to execute the additional rise cycle 154, which may replace 
the rise step 140. After the dough rises for the additional 
period specified in the additional rise Supplemental proce 
dure 154, the transition 131 following the step 140 fires and 
the step 142 becomes active. During the bake step 142, the 
process monitor 40 may receive the input electronic signal 
80 from the equipment 74 indicating the amount of time the 
oven has been used since the oven was last cleaned. In 
response to the output electronic signal 82, the sequence 
engine 38 may generate the command 84 to execute the 
clean oven supplemental procedure 156 if the amount of 
time the oven has been used exceeds a threshold. The clean 
oven step 156 may be executed after the bake bread proce 
dure reaches the sequence terminator 144 indicating that the 
current batch of bread is complete. 

FIG. 6 is a block diagram of a system 170 that includes 
equipment that may be controlled by an embodiment of the 
process controller 14 to produce bread. This system is a 
non-limiting example of a system that is illustrative of 
present embodiments. Specifically, the dry ingredients may 
be prepared in a dry ingredient preparation system 172. 
Similarly, the wet ingredients may be prepared in a wet 
ingredient preparation system 174. A flow control element 
176 may be used to transfer the dry ingredients prepared in 
the dry ingredient preparation system 172 to dry ingredient 
storage 178. Similarly, the flow control element 176 may be 
used to transfer the wet ingredients from the wet ingredient 
preparation system 174 to wet ingredient storage 180. The 
flow control element 176 may include, but is not limited to, 
control valves, pumps, conveyors, extruders, blowers, slide 
valves, hopper valves, or any combination thereof. Next, the 
flow control element 176 may transfer the dry and wet 
ingredients from dry and wet storage 178 and 180 to a mixer 
182. Specifically, the dough may be formed by mixing the 
wet and dry ingredients in the mixer 182. In certain embodi 
ments, the flow control element 176 may be used to transfer 
the dough from the mixer 182 to an oven 184 to bake the 
dough into bread 186. The flow control element 176 may be 
used to transfer the bread 186 out of the oven 184. 
As shown in FIG. 5, the sequence engine 38 may transmit 

one or more control signals 188 to the various pieces of 
equipment of the system 170 based on which of the supple 
mental procedures stored in the Supplemental procedures 
module 48 the sequence engine 38 is executing. For 
example, if the sequence engine 38 is executing the scale 
calibration supplemental procedure 146, the engine 38 may 
send the control signal 188 to the scales used in the dry 
and/or wet ingredient preparation systems 172 and 174. 
Similarly, if the sequence engine 38 is executing the make 
ingredient Supplemental procedure 148, the engine 38 may 
send the control signal 188 to ingredient preparation equip 
ment in the dry and/or wet ingredient preparation systems 
172 and 174. If the sequence engine 38 is executing the 
correct pH supplemental procedure 150, the engine 38 may 
send the control signal 188 to ingredient preparation equip 
ment in the wet ingredient preparation system 174. If the 
sequence engine 38 is executing the hydrate correction 
supplemental procedure 152, the engine 38 may send the 
control signal 188 to one or more of the flow control 
elements 176 to add additional dry ingredients 178 and/or 
wet ingredients 180 to the mixer 182 to adjust the hydration 
of the dough. If the sequence engine 38 is executing the 
additional rise cycle Supplemental procedure 154, the engine 
38 may send the control signal 188 to the mixer 182 and/or 
the flow control element 176 to keep the dough in the mixer 
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182 for an additional period before being transferred to the 
oven 184. If the sequence engine 38 is executing the clean 
oven supplemental procedure 156, the engine 38 may send 
the control signal 188 to the oven 184 to perform cleaning 
of the oven 184. Thus, in various embodiments, the 
sequence engine 38 may send the control signals 188 to the 
appropriate equipment of the process 170 based on which of 
the Supplemental procedures the engine 38 is executing. In 
addition, the system 170 may include one or more sensors 
24. For example, the sensors 24 may generate input elec 
tronic signals 80 indicative of a status of the process feature 
72. Such as temperature, pressure, flow rate, mass, Volume, 
strength, concentration, age, history, step being executed, or 
any combination thereof. As shown in FIG. 6, the dry and 
wet ingredient preparation systems 172 and 174, the mixer 
182, and the oven 184 may include the sensors 24. The 
sensors 24 shown in FIG. 6 may generate the input elec 
tronic signals 80 sent to the process monitor 40, which 
includes logic to determine the output electronic signal 82 to 
send to the sequence engine 38. Based on the output 
electronic signal 82, the sequence engine 38 includes logic 
to determine the command 84 to select the one or more 
appropriate Supplemental procedures stored in the Supple 
mental procedures module 48. Thus, changes in the system 
170 as indicated by the input electronic signals 80 may result 
in the selection and execution of appropriate Supplemental 
procedures, thereby making the selected Supplemental pro 
cedures process-initiated workflows. 

FIG. 7 is a timing diagram 210 for the procedures and 
Supplemental procedures used in making bread, as described 
in detail above. This timing diagram is a non-limiting 
example of a timing diagram that is illustrative of present 
embodiments. Specifically, the timing diagram 210 shows 
the order and durations of the steps of procedures and 
Supplemental procedures that may be used during the course 
of making one batch of bread 186. As shown in FIG. 7, time 
increases from left to right in the timing diagram 210. 
Specifically, the batch begins at an initial time 212 and ends 
at a fifth time 222. Thus, the make bread procedure stored in 
the procedures module 46 begins at the initial time 212 and 
ends at the fifth time 222, as represented by an arrow 224 
that indicates the normal execution of the procedure. The 
pre-weigh ingredients step 132 of the procedure may run 
from the initial time 212 to a first time 214, as indicated by 
the normal execution arrow 224. The mix dry ingredients 
step 134 and the mix wet ingredients step 136 may run from 
the first time 214 to a second time 216, as indicated by 
normal execution arrows 224. The mix dough step 138 may 
run from the second time 216 to a third time 218, as 
indicated by the normal execution arrow 224. The rise step 
140 may run from the third time 218 to a fourth time 220, 
as indicated by the normal execution arrow 224. Finally, the 
bake step 142 may run from the fourth time 220 to the fifth 
time 222, as indicated by the normal execution arrow 224. 

Turning next to the Supplemental procedures shown in 
FIG. 7, the scale calibration supplemental procedure 146 
may be executed at any point between the initial time 212 
and the first time 214, as indicated by the process-initiated 
line 226. As described above, the scale calibration supple 
mental procedure 146 interrupts the procedure. In other 
words, the sequence engine 38 does not proceed with the 
pre-weigh ingredients step 132 until the scale calibration 
Supplemental procedure 146 is complete, which may be 
indicated by the transfer of data 86 to the production record 
50. The make ingredient supplemental procedure 148 may 
be executed at any point between the initial time 212 and the 
fourth time 220, as indicated by the process-initiated line 
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226. The correct pH supplemental procedure 226 may run 
between the first time 214 and the second time 216, as 
indicated by the process-initiated line 226. Both the make 
ingredient and the correct pH supplemental procedures 148 
and 150 may interrupt the procedure, which means that the 
supplemental procedures 148 and 150 are completed before 
the procedure resumes. The hydrate correction Supplemental 
procedure 152 may run between the second time 216 and the 
third time 218. The hydrate correction supplemental proce 
dure 152 replaces the mix dough step 138 of the procedure, 
as indicated by the process-initiated arrow 228. In other 
words, after the sequence engine 38 executes the hydrate 
correction supplemental procedure 152, the engine 38 pro 
ceeds to the next step of the procedure, namely the rise step 
140. The additional rise cycle supplemental procedure 154 
may run between the third time 218 and the fourth time 220. 
The additional rise cycle supplemental procedure 154 
replaces the rise step 140 of the procedure, as indicated by 
the process-initiated arrow 228. Finally, the clean oven 
supplemental procedure 156 may run after the fifth time 222, 
as indicated by the process-initiated line 226. Thus, the clean 
oven supplemental procedure 156 completes before the 
sequence engine 38 executes the procedure to make another 
batch of bread 186. Thus, the timing diagram 210 shows an 
example of how the various process-initiated Supplemental 
procedures may be executed by the sequence engine 38 
during the course of executing the procedure. In various 
embodiments, the process-initiated Supplemental procedures 
may interrupt the procedure, replace the procedure with the 
Supplemental procedure, operate in parallel with the proce 
dure, or any combination thereof. 

FIG. 8 is a block diagram of equipment that may include 
the procedures module 46 and the Supplemental procedures 
module 48 for making bread 186. Specifically, the supple 
mental procedures module 48 may be located in more than 
one device. For example, the make ingredient Supplement 
procedure 148, hydrate correction Supplemental procedure 
152, additional rise cycle supplemental procedure 154, and 
the clean oven supplemental procedure 156 may be located 
in the supplemental procedures module 48 within the pro 
cess controller 14, which may be located within or adjacent 
to a control room of the bread-making facility. The proce 
dures module 46 may also be located within the process 
controller 14. The scale calibration supplemental procedure 
146 may be may be located in the Supplemental procedures 
module 48 within a tablet 242. For example, the tablet 242 
may be a hand-held device used by an operator or mainte 
nance technician to perform the calibration of the scale. In 
certain embodiments, the tablet 242 may communicate 
wirelessly with the process controller 14. Thus, the sequence 
engine 38 may send the command 84 wirelessly to the tablet 
242. Subsequently, the tablet 242 may display the instruc 
tions for the calibration of the scale associated with the scale 
calibration supplemental procedure 146 to enable the opera 
tor or maintenance technician to calibrate the scale. After the 
calibration is complete, the tablet 242 may communicate 
wirelessly with the process controller 14 to update the 
production record 50 with data 86 associated with the scale 
calibration. The sequence engine 38 may then proceed with 
the execution of the procedure. In further embodiments, the 
correct pH supplemental procedure 150 may be located in 
the supplemental procedures module 48 within a laboratory 
workstation 244. For example, the laboratory workstation 
244 may be a desktop device located in a laboratory and 
connected to the process controller 14. The sequence engine 
38 may send the command 84 to the laboratory workstation 
244. Subsequently, the laboratory workstation 244 may 
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display the instructions for correcting the pH of the wet 
ingredients associated with the correct pH Supplemental 
procedure 150. A lab technician may carry out the instruc 
tions displayed on the laboratory workstation 244. After 
correcting the pH of the wet ingredients, the lab technician 
may use the laboratory workstation 244 to update the 
production record 50 with data 86 associated with correcting 
the pH, enabling the sequence engine 38 to proceed with the 
execution of the procedure. In other embodiments, other 
equipment and devices associated with process control sys 
tems may be used in a variety of configurations to execute 
the procedure and process-initiated Supplemental procedures 
to respond to changes in the process. 

While only certain features of the invention have been 
illustrated and described herein, many modifications and 
changes will occur to those skilled in the art. It is, therefore, 
to be understood that the appended claims are intended to 
cover all Such modifications and changes as fall within the 
true spirit of the invention. 
The invention claimed is: 
1. A process controller, comprising: 
memory circuitry, comprising: 

a procedure module comprising instructions for execut 
ing a procedure, 

a plurality of Supplemental procedure modules, each of 
the plurality of Supplemental procedure modules 
comprising instructions for executing one of a plu 
rality of Supplemental procedures, and 

a production record configured to store data generated 
from an execution of the procedure module and one 
or more of the plurality of supplemental procedure 
modules; and 

processing circuitry, comprising: 
a process monitor processor configured to receive an 

input electronic signal indicative of a status of a 
process feature, apply logic based on the input elec 
tronic signal, and generate an output electronic sig 
nal in response to the input electronic signal, and 

a sequence engine processor configured to execute the 
procedure module, receive the output electronic sig 
nal, apply logic based on the output electronic signal, 
select one or more of the plurality of supplemental 
procedure modules based on the received output 
electronic signal, execute the selected one or more of 
the plurality of Supplemental procedure modules, 
and update the production record with data generated 
from the execution of the procedure module and the 
selected one or more of the plurality of supplemental 
procedure modules. 

2. The system of claim 1, wherein the process monitor 
processor is configured to compare the input electronic 
signal to a threshold and generate the output electronic 
signal if the input electronic signal is outside the threshold 
and based on a status of a specified criterion associated with 
the threshold. 

3. The system of claim 1, wherein the process feature 
comprises a procedure step, a piece of equipment, a material, 
an ingredient, a component, or a combination thereof. 

4. The system of claim 1, wherein the sequence engine 
processor is configured to execute the selected one or more 
of the plurality of supplemental procedure modules based on 
a status of a specified criterion associated with the selected 
one or more of the plurality of Supplemental procedure 
modules. 

5. The system of claim 1, wherein the sequence engine 
processor is configured to execute two or more of the 
plurality of Supplemental procedure modules in parallel. 
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6. The system of claim 1, wherein the procedure module 
comprises a sequence of process automation control pro 
grams, a sequence of manual instructions, a sequence of 
software modules, or a combination thereof. 

7. The system of claim 1, wherein each of the plurality of 5 
Supplemental procedure modules comprises a sequence of 
process automation control programs, a sequence of manual 
instructions, a sequence of software modules, or a combi 
nation thereof. 

8. The system of claim 1, wherein each supplemental 10 
procedure module of the plurality of supplemental procedure 
modules is configured to interrupt the execution of the 
procedure module, replace the procedure module with the 
Supplemental procedure in the memory circuitry, execute in 
parallel with the procedure module, or a combination 15 
thereof. 

9. The system of claim 1, wherein the processing circuitry 
is disposed in a controller, a tablet, a workstation, a cloud 
based virtual device, a computing device, or a combination 
thereof. 

10. The system of claim 1, wherein each of the plurality 
of Supplemental procedure modules comprises instructions 
for exception handling separate from the procedure module. 

11. The system of claim 1, wherein the data stored in the 
production record comprises time values corresponding to 25 
when the sequence engine processor executes the procedure 
module and the selected one or more of the plurality of 
supplemental procedure modules. 

12. The system of claim 1, an operator interface device 
communicatively coupled to the memory circuitry and the 
processing circuitry, wherein the operator interface device is 
configured to provide the input electronic signal to the 
process monitor processor based on input received from an 
operator, select the procedure module for execution by the 
sequence engine processor based on input received from the 
operator, present the data stored in the production record, or 
a combination thereof. 

13. The system of claim 1, wherein the memory circuitry 
comprises a scheduling program comprising instructions for 
the sequence engine processor to begin execution of the 
procedure module, and wherein the sequence engine pro 
cessor is configured to execute the scheduling program first. 

14. The system of claim 1, wherein the process controller 
comprises a batch process controller. 

15. A program stored on a non-transitory computer read 
able storage medium, comprising: 

computer code disposed on the non-transitory computer 
readable storage medium, wherein the code comprises 
instructions for automating a process, the instructions 
comprising: 

instructions for transmitting an input electronic signal 
indicative of a status of a process feature to a process 
monitor processor; 

instructions for applying logic by the process monitor 
processor based on the input electronic signal; 

instructions for generating an output electronic signal 
from the process monitor processor in response to the 
input electronic signal; 

instructions for executing a procedure module by a 
sequence engine processor, 

instructions for transmitting the output electronic signal 
from the process monitor processor to the sequence 
engine processor; 

instructions for applying logic by the sequence engine 
processor based on the output electronic signal; 
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16 
instructions for selecting one or more of a plurality of 

Supplemental procedure modules by the sequence 
engine processor based on the output electronic signal; 

instructions for executing the selected one or more of the 
plurality of supplemental procedure modules by the 
sequence engine processor; and 

instructions for updating a production record with data 
generated by executing the procedure module and the 
Selected one or more of the plurality of supplemental 
procedure modules. 

16. The program of claim 15, comprising instructions for 
comparing the input electronic signal to a threshold by the 
process monitor processor and generating the output elec 
tronic signal from the process monitor processor if the input 
electronic signal is outside the threshold. 

17. The program of claim 15, wherein the procedure 
module or the plurality of supplemental procedure modules 
comprises a sequence of process automation control pro 
grams, a sequence of manual instructions, a sequence of 
software modules, or a combination thereof. 

18. The program of claim 15, wherein each supplemental 
procedure module of the plurality of supplemental procedure 
modules is configured to interrupt the procedure module, 
replace the procedure module with the supplemental proce 
dure module in a memory device, execute in parallel with 
the procedure module, or a combination thereof. 

19. The program of claim 15, wherein the process com 
prises a batch process. 

20. A method for controlling a process with an industrial 
automation system, comprising: 

transmitting an input electronic signal indicative of a 
status of a process feature to a process monitor pro 
ceSSOr, 

applying logic by the process monitor processor based on 
the input electronic signal; 

generating an output electronic signal from the process 
monitor processor in response to the input electronic 
signal; 

executing a procedure module by a sequence engine 
processor, 

transmitting the output electronic signal from the process 
monitor processor to the sequence engine processor; 

applying logic by the sequence engine processor based on 
the output electronic signal; 

selecting one or more of a plurality of supplemental 
procedure modules by the sequence engine processor 
based on the output electronic signal; 

executing the selected one or more of the plurality of 
Supplemental procedure modules by the sequence 
engine processor, and 

updating a production record with data generated by 
executing the procedure module and the selected one or 
more of the plurality of supplemental procedure mod 
ules. 

21. The method of claim 20, comprising executing two or 
more of the plurality of supplemental procedure modules in 
parallel by the sequence engine processor. 

22. The method of claim 20, comprising executing a 
scheduling program by the sequence engine processor, 
wherein the scheduling program instructs the sequence 
engine processor to execute the procedure module. 

23. The method of claim 20, wherein the process com 
prises a batch process. 
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