KnowledgeScape Adaptive Optimization and Expert Control
Software Features

Provided below is a specification of the features and the functionality of the KnowledgeScape
software.

The expert system runs on the Windows 2000, Windows 2003 or WindowsXP platform and
includes the following integrated components and functionality.

System Components

Process Drawing

Expert System (Crisp Syntax)

Expert System (Fuzzy Syntax)

Neural Network Modelling Package (on-line and off-line)
Neural-network-based predictors (on-line)
Genetic-algorithm Optimization Package (on-line)
Open-GL® ® Based Model Viewer

Report Writer

Report E-mailer and Report Scheduler

OPC connectivity, both Server and Client
Graphical Trends, both real-time and historical
Distributed Computing

Roles and Functionality of the System Components

Process Drawing

The process drawing is the launching point for the configuration of a process control strategy
using KnowledgeScape. The process can be represented graphically through nodes and
attributes in the process drawing. All of the artificial intelligence features of KnowledgeScape
are associated with the objects configured in the process drawing and can be accessed through
the KnowledgeScape main menu or through pop-up menus on the process drawing objects. All
data used in KnowledgeScape are configured in the process drawing as attributes of the process
objects (nodes). The data contained in attributes is available to the rule editor, neural networks,
optimizers, trends, tables and report writer. An example of the process drawing configured with
nodes and attributes is shown in the following figure.



Crisp and Fuzzy Expert System

The crisp and fuzzy expert system allows the user to write rules in an English-like syntax that
cause the expert control system to mimic the actions that would be taken by a very expert
operator. This component provides thefirst layer of intelligence for the system, and may track
emergency conditions, control the execution of the control strategies, track system performance
and determine when to use the recommendations made by models and optimizers.

Syntax checking isincluded in both the crisp and fuzzy expert-system rule-editing environments.
Editing of rulesis enabled without taking the system off-line, and changed rules are utilized by
the expert system immediately after editing is completed. The following figure shows an
example of the rule editor.



Search capabilities allow the user to query the system for invocations of specific rules. The
ability to group rulesinto logical and related collections and browse them using the familiar tree
structureisincluded. The following figure shows an example of the rule viewer.

The fuzzy logic tools available in KnowledgeScape allow for fast configuration using a graphical
interface that lets the user draw the fuzzy sets. The following figure shows an example of the
fuzzy set graphical user interface.



An exclusive KnowledgeScape tool that makes the fuzzy control even more powerful isthe
strategy analysistool. Thisthree dimensional graphicstool allows the user to plot the response
of the configured fuzzy sets. This allows the user see the results of the fuzzy math over all

combinations of input values. It also lets the user see the effects of multiple inputs on the output.
The following figure shows the strategy analysis tool.



Neural Network Models

The neural networks allow the expert system to learn about process dynamics that may or may
not have been anticipated when the expert rules were written. They provide models of the
process for use in process optimization, for use in visualizing the interactions of process
parameters, and in visualizing the effects of process parameters on process performance.

Neural-network modelling capabilities include:

The ability to select network topology, including the number of layers and nodesin each
layer.

Graphical representations of network topology.

User specification of the number of training vectors, test vectors

The ability to turn training and/or testing on and off, independently of each other.
Collection of training and test vectorsin real time

User-configurable training parameters, e.g. learning constants, learning momentum, etc.
User-selected activation functions

The ability to filter out training or test vectors that are outside of specified operating
ranges.

The ability to train on historical data.

The ability to utilize clustering of training and test vectors.

The ability to predict user-selected parameters based on user-selected model inputs, and
the time scales for prediction.

The ability to link to integrated optimization functions, e.g., genetic algorithms, for usein
on-line process optimization.

The ability to plot in model predictions of process parameters on graphical trends
concurrently with the actual values of the same parameters.

The ability to configure multiple concurrent neural-network topologies to model and/or
predict the same parameters.

The following figures show two examples of the configuration interface for the neural network
modelling tools available in KnowledgeScape.






Open-GL® Based Model Viewer

The Open-GL® based model viewer allows the user to view the process model created by the
neural-network. The model isviewed in three dimensions. When there are multiple inputs the
model is viewed with two inputs as the x and y axes and with the remaining inputs at fixed
values. These values can be changed by the user and the x and y axes may be changed. The user
can scale zoom and rotated the surface at will. The following figure is an example of the Open-
GL® based model viewer.



Optimizers

Therole of the optimizersisto identify which process models most accurately predict process
performance under a given set of operating conditions, and then search the multidimensional
surface of the best process model to determine what combination of process set points will yield
higher performance. Optimizers are an integral part of the expert system, and be fully integrated
with modelling toals, i.e., the neural networks.

The optimizers allow the user to determine what process-control objective is of most importance,
and then to prioritize, as desired, other control objectives. These objectives are defined using a
rule editor, similar to that used when configuring expert-system rules. Thisrule, or set of rules,
allows the user to define the most desirable state of operations, including higher level economic
conditions.

Optimizers have the following capabilities and characteristics:

User defined (rule syntax) objective function

User-definable and dynamic search space for optimization parameters.

The ability to compare multiple, concurrent models of the process and select the most
accurate model for use in optimization.

The ability to avoid local minima or maximawhen searching for optimal conditions.
User-sel ectable crossover and mutation parameters.



The following figure is an example of the user interface for the genetic agorithm optimizer
available in KnowledgeScape.

Report Writer

The report writer and the associated report scheduler track the performance of the system as
requested by the user. The module alows the user to build and save report templates, or
configure special and specific reports. The report generator is integrated with a scheduling and
communications tool that will e-mail updated reports using simple mail transport protocol
(SMTP) to user-specified SMTP mail recipients at user-specified times.

The report writer is also used to document the expert system, and provides the user away to
print out and evaluate any or all rules, model configurations, process variables, or any other
attributes of the expert system.

The report configuration tool has a graphical user interface, and provides the user with the ability
to include or exclude any attribute, node or tag in the expert system from the report template.



TCP/IP Communications with the DCS or PLC System

The expert system communicates with the plant control system via TCP/IP (transmission-control
protocol - Internet protocol).

The preferred method for communication with the plant distributed control system is by
industry-standard OLE for Process Control (OPC) protocol, and the system includes both OPC
server and client software. The OPC Server can reside and execute either on the plant DCS or
on a separate computer as an OPC client. The following diagram shows the general layout of the
communications between KnowledgeScape and the plant DCS.
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The KnowledgeScape software includes the following communications drivers:

@aGlance

Allen Bradley
Bailey

DDE

DMACS

DMACS Remote
Excel

File

Fisher Provox
Foxboro I1A
Foxboro |A Remote
Honeywell TDC 3000
Informix

ModBus

OPC



OPC 2

OptoMUX

Taylor Mod300
Wonderware
Wonderware Remote

Custom communications drivers are available when necessary.

All interlocks, stabilization and sequencing will remain under the control of the plant control
system. The expert system will obtain values of process variables and process set points from
the DCS. Expert rules, models and optimizers will be used to determine new set points that will
be sent back to the plant DCS or PLC system for implementation.

Graphical Trends

Graphical trends can be configured to track the data contained in attributes on the process
drawing as well as model predictions and optimizer results. The user can configure the trends
with any number of attributes. The time scale may be changed and the range can be configured
independently for each attribute by the user or using the auto-scale option. Custom colors and
patterns can be selected also. The following figure is an example of a KnowledgeScape trend.



Distributed Computing

KnowledgeScape can distribute its computational 1oad over alocal area network, or an internet
virtual private network. This allows the user to configure as many neural networks and
optimizers as desired and run them in parallel in real time and on-line. Each neural network and
optimizer can be assigned to a client machine when it is started, or KnowledgeScape can
determine the client with the least CPU load and distribute the task to that machine. The
distributed computing can be monitored through the process control center as shown in the
following figure.



