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INTEGRATED EXPERT SYSTEM FOR IDENTIFYING 
ABNORMAL EVENTS IN AN INDUSTRIAL PLANT 

TECHNICAL FIELD 

[0001] 	The present invention relates to computer-implemented expert systems 

for identifying abnormal events in an industrial plant, such as a refinery or a 

petrochemical plant. 

BACKGROUND 

[0002] 	Modern petroleum refineries are controlled by advanced process 

control systems. These process control systems can perform a number of 

functions, including optimizing the process and identifying abnormal events in 

the operation of the plant. 

[0003] 	Events and disturbances of various magnitudes are constantly 

affecting process operations. Most of the time, these events and disturbances are 

handled by the process control system. However, a human operator will 

sometimes need to intervene in the process operations when the process control 

system cannot adequately handle an abnormal event. Human intervention is 

initiated by notifying the console operator of the abnormal situation through alert 

messages. Alert messages are triggered when certain process measurements 

violate predefined operating ranges and/or correlations. Early identification of 

these abnormal events enables the operations team to intervene before the 

problem escalates into a more severe incident. 

[0004] 	In many cases, the identification of abnormal events is performed by 

expert systems. Expert systems are computerized tools designed to assist the 
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plant operators in making decisions about how to operate the industrial plant. 

Two commonly used types of expert systems are model-based expert systems 

and rule-based expert systems. 

SUMMARY 

[0005] 	Certain embodiments of the present invention relates to the use of both 

a model-based expert system and a rule-based expert system for the 

identification of abnormal events in an industrial plant. An underlying 

abnormality in the plant operations may generate a large number of alert 

messages, many of which may be superfluous or redundant. An overload of 

alert messages can reduce the effectiveness of the abnormal event identification 

system. This problem of message overload can be compounded when using both 

a model-based expert system together with a rule-based expert system for 

diagnosis. Thus, the integrated system is designed to reduce the generation of 

nuisance or redundant alerts by better coordination of messages to the plant 

operator. The integrated system may also be designed to cope with different 

operating modes of the plant. 

[0006] 	In one embodiment, the present invention provides a method for 

identifying an abnormal event in the operation of an industrial plant. The 

method comprises having: (i) a rule-based expert system that comprises a set of 

rules for evaluating the operation of a process unit in the industrial plant, and (ii) 

a model-based expert system that comprises a mathematical model for 

evaluating the operation of the process unit in the industrial plant. The model-

based expert system evaluates the operation of the process unit using data on the 

operating conditions of the process unit. The model-based expert system 

calculates one or more results that determines whether the process unit is 

operating abnormally. The rule-based expert system is applied to identify a 

possible abnormality in the operation of the process unit using: (a) data on the 
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operating conditions of the process unit, and (b) one or more of the results from 

the model-based expert system. If an abnormal event is identified, a message is 

sent to an operator regarding the abnormality. Furthermore, any redundant 

messages from the model-based expert system may be suppressed. Certain 

embodiments of the present invention also provide a computer system that is 

programmed to perform the method, and also, an industrial plant that includes 

such a computer system. 

[0007] 	In a preferred embodiment herein is a method for operating an 

industrial plant, comprising: 

having a rule-based expert system that comprises a set of rules for 

evaluating the operation of a process unit in the industrial plant; 

having a model-based expert system that comprises a mathematical model 

for evaluating the operation of the process unit in the industrial plant; 

applying the model-based expert system to evaluate the operation of the 

process unit using data on the operating conditions of the process unit; 

obtaining a result from the model-based expert system; 

applying the rule-based expert system to identify a possible abnormality 

in the operation of the process unit using: (a) data on the operating conditions of 

the process unit, and (b) the result from the model-based expert system; 

sending a message regarding an abnormality to an operator interface; 

suppressing a message from the model-based expert system, wherein the 

suppressed message relates to the abnormality; and 

adjusting the operation of the process unit based on the message relating 

to the abnormality. 

[0008] 	In another preferred embodiment herein is an industrial plant, 

comprising: 

a process unit; 

multiple sensors that sense the operating condition of the process unit; 
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a process control system in communication with the multiple sensors; 

an operator interface; and 

a computer system that comprises: 

a) a rule-based expert system that comprises a set of rules for 

evaluating the operation of the process unit; 

b) a model-based expert system that comprises a mathematical 

model for evaluating the operation of the process unit; 

wherein the computer system is programmed to perform steps 

comprising: 

receiving data on the operating conditions of the process unit; 

applying the model-based expert system to evaluate the operation 

of the process unit using data on the operating conditions of the process unit; 

obtaining a result from the model-based expert system; 

applying the rule-based expert system to identify a possible 

abnormality in the operation of the process unit using: (a) data on the operating 

conditions of the process unit, and (b) the result from the model-based expert 

system; 

sending a message regarding an abnormality to the operator 

interface; and 

suppressing a message from the model-based expert system, 

wherein the suppressed message relates to the abnormality. 

[0009] 	In yet another preferred embodiment herein is a computer system 

comprising: 

a) a rule-based expert system that comprises a set of rules for evaluating 

the operation of a process unit in an industrial plant; 

b) a model-based expert system that comprises a mathematical model for 

evaluating the operation of the process unit; 

wherein the computer system is programmed to perform steps 

comprising: 
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receiving data on the operating conditions of the process unit; 

applying the model-based expert system to evaluate the operation 

of the process unit using data on the operating conditions of the process unit; 

obtaining a result from the model-based expert system; 

applying the rule-based expert system to identify a possible 

abnormality in the operation of the process unit using: (a) data on the operating 

conditions of the process unit, and (b) the result from the model-based expert 

system; 

sending a message regarding an abnormality to an operator 

interface; and 

suppressing a message from the model-based expert system, 

wherein the suppressed message relates to the abnormality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 	FIG. 1 shows a schematic diagram of how the present invention can be 

implemented according to one particular embodiment. 

[0011] 	FIG. 2 is a screenshot view showing example inputs for a principal 

component analysis (PCA) model for a distillation tower. 

[0012] 	FIGS. 3A and 3B are screenshot views demonstrating the operation of 

a rule-based expert system designed for monitoring a distillation tower. 

[0013] 	FIG. 4 shows a schematic diagram of another embodiment of the 

present invention in which models are suppressed based on the operating mode 

of the process unit. 

[0014] 	FIG. 5 shows an example algorithm for making a rule evaluation 

schedule. 
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DETAILED DESCRIPTION 

[0015] 	Certain embodiments of the present invention relates to expert systems 

for identifying abnormal events in the operation of an industrial plant. In these 

embodiments, a model-based expert system is integrated with a rule-based 

expert system for improving the effectiveness of the system in identifying 

abnormal events. 

[0016] 	A model-based expert system is an expert system that uses a 

mathematical model of an industrial process based on empirical knowledge or a 

fundamental understanding of statistical or engineering principles underlying the 

process. The model-based expert system used in the present invention may be 

constructed in any suitable manner. The mathematical models are designed to 

represent the normal operation of the industrial process. A wide variety of 

different mathematical models that represent various industrial processes are 

known in the art. Examples of such mathematical models include simple 

engineering equations that express the relationships between process variables 

during normal operations, principal component analysis (PCA) models which 

decompose the plant operation data into principal components, and multivariate 

statistical models based on variations of PCA models. For example, principal 

component analysis (PCA) models for various process units in a petroleum 

refinery are described in U.S. Patent Application Publication No. 2007/0250292 

(titled "Application of Abnormal Event Detection Technology to Delayed 

Coking Unit," by Alagappan et al.) and U.S. Patent No. 7,349,746 (titled 

"System and Method for Abnormal Event Detection in the Operation of 

Continuous Industrial Processes," by Emigholz et al.), which are both 

incorporated by reference in their entirety. 
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[0017] 	Process data is fed into the model-based expert system and is used to 

populate variables in the mathematical model. The process data may be received 

in real time (e.g., from a data historian or from a process control system in the 

industrial plant). Based on these inputs, the mathematical model will calculate 

the values of other variables that represent the normal operation of the particular 

process unit. The calculated values are compared against the actual values of the 

process conditions represented by the model variables. For example, the model-

based expert system may calculate a statistical analysis result (e.g., the sum of 

square prediction errors) to assess how much the actual process values deviate 

from the model-calculated values. The statistical analysis result may indicate 

that the process unit is operating abnormally. For example, the models described 

in U.S. Patent Application Publication No. 2007/0250292 (Alagappan et al., 

which is incorporated by reference herein) are used to generate a single 

abnormality probability. The model-based expert system may send an alert 

message to a plant operator if the results from the model violate predefined 

threshold limits. 

[0018] 	The mathematical model may be constructed to represent any of 

various process units that operate in an industrial plant. The process units within 

the industrial plant may be defined in any suitable way. For example, process 

units may be defined according to equipment or groups of equipment, 

subcomponents of the equipment, or processes within the same control loop of 

the process control system in the industrial plant. For example, in a refinery or 

petrochemical plant, a process unit may be a catalytic cracker, distillation tower, 

a reactor, a heat exchange train, or subcomponents thereof. 

[0019] 	In the case of a PCA model, conceptual model design can be broken 

into four major decisions: (1) subdividing the process equipment into equipment 

groups with corresponding PCA models; (2) subdividing process operating data 

and time periods into process operating modes requiring different PCA models; 
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(3) identifying which measurements within an equipment group should be 

designated as inputs to each PCA model; and (4) identifying which 

measurements or variables within an equipment group should act as flags for 

suppressing known events or other exception operations. Defining groups of 

equipment that will be covered by a single PCA model requires an understanding 

of the process integration/interaction. For example, equipment groups can be 

defined by including all the major material and energy integrations, and quick 

recycles in the same equipment group (which may also be referred to as key 

functional sections or operational sections of the industrial plant). Furthermore, 

analysis of the process control applications may indicate the major interactions 

among the process units. For example, if the process uses a multivariable 

constraint controller, the controller model may explicitly identify the interaction 

points among the process units. Otherwise, the interactions may need to be 

identified through an engineering analysis of the process. 

[0020] 	In some cases, process units can be divided at a point where there is 

minimal interaction between equipment groups. For example, a dividing point 

can be made where the only interaction comes through a single pipe containing 

the feed to the next downstream unit. In this case, the temperature, pressure, 

flow, and composition of the feed are the primary influences on the downstream 

equipment group and the pressure in the immediate downstream unit is the 

primary influence on the upstream equipment group. Similar to the design of a 

multivariable constraint controller, the boundary of the PCA model may 

encompass all significant process interactions and key upstream and downstream 

indications of process changes and disturbances. Thus, one model may cover the 

upstream equipment group and another model may cover the downstream 

equipment group, but these primary influence measurements may be included in 

both models. Process units may also be divided into equipment groups wherever 

there are significant time dynamics (e.g., storage tanks, long pipelines, etc.). 
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[0021] 	In certain embodiments, the model-based expert system comprises 

multiple different mathematical models for the same process unit in the 

industrial plant. For example, the different mathematical models may be 

adapted for use in different operating modes of the process unit. For example, a 

process unit in an industrial plant may use different operating modes for 

different grades of product, significant process transitions (e.g., startups, 

shutdowns, feedstock switches), processing of different feedstock (e.g., cracking 

naphtha rather than ethane in olefins production), different configurations of the 

process equipment (e.g., different sets of equipment running), different time 

periods (e.g., summer vs. winter), different control modes of operation (e.g., 

automatic, manual, or cascade), or different production rates (e.g., high 

throughput vs. low throughput). Where these different operating modes exist, 

different mathematical models may be needed. 

[0022] 	In certain embodiments of the present invention, the model-based 

expert system is integrated with a rule-based expert system. A rule-based expert 

system is an expert system that is based on a set of rules for evaluating a 

problem, similar to those a human expert would follow in identifying the 

problem. The rules are designed to capture available knowledge regarding the 

process in question. The rules are in the form of "condition-action" rules, also 

known as "if-then" rules. The "if' portion specifies a fact or particular set of 

facts that cause the rule to be applicable. The "then" portion of the rule specifies 

the action to be taken if the "if' condition is satisfied. The condition part of each 

rule can contain relations that are applied to the process data that is fed into the 

rule-based expert system. The conditions can be expressed by arithmetic 

relations such as greater than (>), less than (<), equal to (=), greater than or equal 

to (>), less than or equal to (<), and not equal to (/=). Calculation functions, 

such as rate of change, % change, historical statistics, etc., can also be used in 

the conditions. 
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[0023] 	The rule-based expert system receives data on the operating conditions 

of the process unit. For example, the rule-based expert system can monitor 

various process conditions, such as temperatures, flow rates, concentrations, 

valve positions, tank levels, control signal values, alarms, production rate, or 

other measurements. By applying the rules to the data on the operating 

conditions of the process unit, the rule-based expert system can draw 

conclusions about the state of the industrial process. Additionally, the rule-

based expert system may analyze historical data associated with the process unit, 

such as past alerts, operator actions, set point changes, operating modes, historic 

values of process variables or parameters, etc. One detailed example of a rule-

based expert system that can be used in the present invention is described in U.S. 

Patent Application Publication No. 2008/0154832 ("Method for Message 

Suppression in Rule Based Expert System," by Kral et al.), which is 

incorporated by reference herein. 

[0024] 	In the present invention, the rule-based expert system includes rules 

that are configured to identify abnormal operating conditions in the industrial 

plant. If an abnormal operating condition is identified, the action to be taken 

may be to notify plant personnel about the abnormal situation. Notification to 

the plant personnel may be sent via an operator interface (such as a console 

screen), email, pager, text message to a portable communication device, or any 

other suitable communication mode. The actions to be taken may also be 

associated with correcting the abnormal situation and/or mitigating its effects. 

For example, based on a rule condition being satisfied, the rule-based expert 

system may notify plant personnel to overwrite a control signal value, overwrite 

a set point value, modify an equipment setting, shut down equipment, etc. 

[0025] 	In certain embodiments of the present invention, the rule-based expert 

system also applies its rules to one or more of the results computed by the 

model-based expert system. For example, the rules may evaluate whether a 
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statistical result generated by the model-based expert system violates a certain 

threshold value, and the action to be taken if so. In addition to the results 

computed by the model-based expert system, in some cases, the rules may also 

consider other information contained in the model-based expert system, such as 

outputs or decision variables of the mathematical model. In some cases, the 

rule-based expert system may also have rules for determining which of the 

statistical results generated by the model-based expert system to evaluate. In 

some cases, the rule-based expert system may also have rules for determining 

how the statistical results of the model-based expert system are to be evaluated 

together with other process data and/or conditions in order to identify abnormal 

events. 

[0026] 	An underlying abnormality in the plant operations may generate a 

large number of alert messages, many of which may be superfluous or 

redundant. An overload of alert messages can reduce the effectiveness of the 

abnormal event identification system. This problem of message overload can be 

compounded when using both a model-based expert system together with a rule-

based expert system for diagnosis. 

[0027] 	In order to better coordinate messages to the plant operator, in some 

embodiments of the present invention, the rule-based expert system further 

contains rules for determining whether any messages from the model-based 

expert system are made redundant to a conclusion made by the rule-based expert 

system. In such cases, the rule-based expert system may act to suppress those 

redundant messages from the model-based expert system. For example, if an 

underlying problem results in a large number of alert messages being generated 

for related equipment, measurements, parameters, etc., the rule-based expert 

system can screen these alert messages so that they do not obscure the 

underlying problem and present the most relevant messages to the operator. 
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[0028] 	Furthermore, where the model-based expert system has multiple 

different mathematical models to handle different operating modes of the 

process unit, there may be a need to suppress one or more of the mathematical 

models based on the current operating mode of the process unit. Furthermore, 

these different mathematical models may be activated or inactivated based on 

the process operating mode. 

[0029] 	FIG. 1 shows a schematic diagram of how the present invention can be 

implemented according to one particular embodiment. The present invention 

may be suitable for use with a variety of different types of process units within 

an industrial plant, such as those in the petroleum or petrochemical industry. In 

this particular case, the abnormal event identification system is designed for use 

with a distillation tower in a refinery. 

[0030] 	The distillation tower is associated with various sensors 10 that sense 

the operating conditions (e.g., temperature, flow, concentrations, etc.). The 

sensors 10 are in communication with a process control system 16, which 

receives data from the sensors 10. The process control system 16 may also 

receive data from on-line analyzers or laboratory analysis. 

[0031] 	The process control system 16 operates together with an abnormal 

event identification system for identifying abnormal events in the distillation 

tower. The abnormal event identification system includes a model-based expert 

system 20 and a rule-based expert system 24. Data from the process control 

system 16 are fed into the model-based expert system 20, which then calculates 

one or more statistical indices 22 that determine whether the distillation tower is 

operating abnormally. 

[0032] 	The system also includes a relational database 40 that is accessed by 

both the model-based expert system 20 and the rule-based expert system 24. 
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Database 40 contains: (a) data pertaining to the configuration of the 

mathematical model in the model-based expert system; (b) data pertaining to the 

configuration of the rules in the rule-based expert system; and (c) data pertaining 

to the message suppression relationships in the integrated expert system. 

Database 40 may also contain information that is relevant to determining a 

source of an identified abnormality and/or steps to either further analyze the 

problem or correct the problem. The database may also store historical data, 

such as past alarms and alerts, past abnormal events, operator response/feedback 

to these alarms and alerts, and editing history of rules and models. When a 

problem is identified, the rule-based expert system may apply the rules for 

analysis to the relevant data in the database. Repeating source(s) of abnormal 

events can also be analyzed from the database to identify repeating problems. 

[0033] 	The rule-based expert system 24 is configured according to the 

configuration data contained in database 40. In operation, the rule-based expert 

system 24 evaluates the rules as applied to data received from the process 

control system 16. Furthermore, the rule-based expert system 24 evaluates the 

rules as applied to the results calculated by the model-based expert system 20. 

Based on these evaluations, the rule-based expert system 24 can make 

conclusions about whether the distillation tower is operating normally and 

identify specific abnormal situations. 

[0034] 	Both the model-based expert system 20 and the rule-based expert 

system 24 generate alert messages 30 and 34, respectively, relating to the 

identification of an abnormal event. Message coordination module 36 

coordinates and manages the messages received from the various sources. 

Message coordination module 36 will also suppress any messages 30 from the 

model-based expert system 20 that are redundant to messages 34 sent by the 

rule-based expert system 24. The messages are sent to an operator console 38 

that displays alert messages and abnormality monitors that monitor various 
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operational areas of the industrial plant. Thus, the operator console 38 can give 

the operator a quick overview of the distillation tower's operations and indicate 

the probability of any developing abnormalities. Having been alerted to the 

potential abnormal events, the operator can then take steps to adjust the 

operation of the distillation tower (e.g., adjust valves, set points, or other control 

mechanisms). One detailed example of an operator interface that is suitable for 

use in the present invention is described in U.S. Patent Application Publication 

No. 2008/0097637 (titled "Application of Abnormal Event Detection (AED) 

Technology to Polymers Process," by Anh Nguyen et al.), which is incorporated 

by reference in its entirety. The integrated system may also include a web-based 

reporting function for generating system performance metrics, edit history, alert 

history, operator responses/feedback, and troubleshooting information. 

[0035] 	FIG. 2 shows an example of the inputs used for a PCA model (named 

"T-814") for a distillation tower. Based on these inputs, the T-814 model will 

calculate the values of various model variables that represent the normal 

operation of the distillation tower. The calculated values are compared against 

the actual values of the process conditions represented by the model variables. 

Actual process values that deviate from the model-calculated values may 

indicate that the distillation tower is operating abnormally. Statistical indices 

that measure the amount of deviation are then fed into the rule-based expert 

system to further evaluate the possible abnormal event. 

[0036] 	FIGS. 3A and 3B show an example of how the rule-based expert 

system can identify an abnormal event in a distillation tower unit. This 

particular example relates to the identification of a flooding event in a distillation 

tower. FIG. 3A shows a set of rules for evaluating a condition on a process 

variable and a statistical result from the model-based expert system. The 

function "PCA-RESIDUAL" in the second rule condition (C2) is used to 

evaluate the statistical result from the Principle Component Analysis model T- 
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814. Here, a set of two rule conditions (C1, C2) are combined to identify a 

flooding event in the distillation tower. In this set of rules, if both of conditions 

Cl and C2 are true, then the rule-based expert system determines that a flooding 

event has occurred. 

[0037] 	FIG. 3B shows a series of advisory mitigation steps relating to this 

abnormal event that will be presented to the operator. Optionally, the message 

may include any associated documentation, such as operating procedures, that 

will assist the operator in mitigating the abnormal situation. The rule-based 

expert system will also suppress any redundant messages from the model-based 

expert system relating to the identification of the tower flooding event. 

[0038] 	FIG. 4 shows a schematic diagram of another embodiment of the 

present invention. The system of FIG. 4 uses a model-based expert system 

having two different PCA models, M100 and M101. Model M100 is adapted for 

use when the process unit is operating in the cascade control mode; model M101 

is adapted for use when the process unit is operating in the auto-control mode. 

"Tl.PV" is a tag containing data for the process variables; "Tl.mode" is a tag 

containing information about the operating mode of a controller; and "Tl.SP" is 

a tag containing the set point value for a controller. Models M100 and M101 

receive data for the process variables and set point values as input via tags 

"Tl.PV" and "Tl.SP". The rule-based expert system includes a rule R100 

having a condition "mode is not equal to cascade." If this condition is true, then 

rule R100 causes an action that suppresses alert messages generated by model 

M100. The rule-based expert system also includes a rule R101 having a 

condition "mode is not equal to auto." If this condition is true, then rule R101 

causes an action that suppresses alert messages generated by model M101. 

Conditions that can cause message suppression of certain models can also 

include other types of operating modes of the process unit such as different 

grades of product, significant process transitions (e.g., startups, shutdowns, 
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feedstock switches), processing of different feedstock (e.g., cracking naphtha 

rather than ethane in olefins production), different configurations of the process 

equipment (e.g., different sets of equipment running), different time period (e.g., 

summer vs. winter), or different product rates (e.g., high throughput vs. low 

throughput). 

[0039] 	In certain embodiments, the rules in the rule-based expert system are 

evaluated in a sequence for improved or optimized operation of the expert 

system. In one embodiment, the rules are evaluated in a sequence such that rules 

whose conditional premises are fully known are evaluated before the rules 

whose conditional premises are not fully known. In particular, the rules whose 

conditional premises rely on the conclusions of other rules are evaluated after 

those other rules are evaluated. In other words, in the case where there is a 

second rule (or second set of rules) whose condition relies on a conclusion of a 

first rule (or first set of rules), then the second rule (or second set of rules) will 

be evaluated after the conclusion of the first rule (or first set of rules) is 

established. To evaluate the rules in the proper sequence, the expert system may 

use a rule evaluation schedule that lists the order in which the rules are to be 

evaluated. The expert system may update the schedule when a new rule is added 

or when an existing rule is modified (for example, there may be a new 

conditional premise in a modified rule that requires an update to the evaluation 

schedule). The schedules may be established at the beginning of the operation of 

the expert system. 

[0040] 	The present invention may use any suitable algorithm for making the 

rule evaluation schedule. An example algorithm for making a rule evaluation 

schedule is shown in the flowchart of FIG. 5. Initially, rules that do not rely on 

any other rules (e.g. relying only on data value assignments for attributes or 

model parameters) are added to the beginning of the schedule. To facilitate 

explanation, this set of rules can be called Rule Set 1. Next, the rules that further 
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rely only on Rule Set 1 are added as next items in the schedule. Again, to 

facilitate explanation, this set of rules can be called Rule Set 2. Next, the rules 

that further rely only on Rule Set 2 are added as next items in the schedule (i.e. 

Rule Set 3). This process can be repeated through further iterations until all the 

rules have been scheduled or until the list of items in the schedule stops 

increasing. If there are any unscheduled rules at the end of this iterative process, 

those rules can be added to the end of the schedule and reported for further 

investigation. 

[0041] 	The result of this process is a schedule of rules which avoids 

redundant or circular evaluation of rules. This feature may be useful for conflict 

resolution of rules and may result in various benefits, including elimination of 

faulty evaluation and miss-triggering of operator messages, detection of circular 

references, and separation of rule evaluation from the operator message 

suppression functionality to streamline and eliminate redundant evaluations. 

[0042] 	Certain embodiments of the present invention may be implemented on 

any suitable computer system. The computer system may include addressable 

memory (e.g., random access memory or cache memory) to store data and/or 

sets of instructions that may be included within, or be generated by, the 

executable instructions when they are executed by a processor on the respective 

platform; as well as a processor for performing the calculations that are needed. 

The computer system may consist of one computer or include multiple 

computers that are networked together to perform the various functionalities and 

capabilities described above. For example, multiple servers can be networked 

for use as production and development systems with on-demand database 

synchronization capabilities for easy promotion of developed models and rules 

from the development server to the production server. Certain embodiments of 

the present invention also encompass an industrial plant that uses such a 

computer system. Certain embodiments of the present invention may also be 
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[0043] 	Although the various systems, modules, functions, or components of 

the present invention may be described separately, in implementation, they do 

not necessarily exist as separate elements. The various functions and capabilities 

disclosed herein may be performed by separate units or be combined into a 

single unit. 	Further, the division of work between the functional units can vary. 

Furthermore, the functional distinctions that are described herein may be 

integrated in various ways. For example, in the system of FIG. 1, a separate 

message coordination module 36 is shown to perform the work involved in 

suppressing messages. However, it is also possible that this message 

suppression function may be integrated into the rule-based expert system 24 

instead. Thus, while the block diagram of FIG. 1 makes functional distinctions 

for the sake of clarity and understanding, there may not be meaningful 

distinctions in an implementation of the present invention. 

[0044] 	The foregoing description and examples have been set forth merely to 

illustrate the invention and are not intended to be limiting. Each of the disclosed 

aspects and embodiments of the present invention may be considered 

individually or in combination with other aspects, embodiments, and variations 

of the invention. Modifications of the disclosed embodiments incorporating the 

spirit and substance of the invention may occur to persons skilled in the art and 

such modifications are within the scope of the present invention. 
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WHAT IS CLAIMED IS: 

1. A method for operating an industrial plant, comprising: 

having a rule-based expert system that comprises a set of rules for 

evaluating the operation of a process unit in the industrial plant; 

having a model-based expert system that comprises a mathematical model 

for evaluating the operation of the process unit in the industrial plant; 

applying the model-based expert system to evaluate the operation of the 

process unit using data on the operating conditions of the process unit; 

obtaining a result from the model-based expert system; 

applying the rule-based expert system to identify a possible abnormality 

in the operation of the process unit using: (a) data on the operating conditions of 

the process unit, and (b) the result from the model-based expert system; 

sending a message regarding an abnormality to an operator interface; 

suppressing a message from the model-based expert system, wherein the 

suppressed message relates to the abnormality; and 

adjusting the operation of the process unit based on the message relating 

to the abnormality. 

2. The method of claim 1, wherein the mathematical model in the model-

based expert system includes a principal component analysis model. 

3. The method of claim 2, wherein the mathematical model further includes 

a valve flow model, a proportional—integral—derivative control monitor model, 

and a partial least squares (PLS) model. 

4. The method of claim 1, further comprising using a database accessible by 

both the model-based expert system and the rule-based expert system, wherein 

the database comprises: 
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(a) data pertaining to the configuration of the mathematical model in the 

model-based expert system; and 

(b) data pertaining to the configuration of the rules in the rule-based 

expert system. 

5. 	The method of claim 4, wherein the database further comprises: (c) data 

pertaining to the message suppression relationships in the integrated expert 

system. 

6. The method of claim 1, wherein the result from the model-based expert 

system is a statistical analysis result on the operation of the process unit, and 

wherein the rule-based expert system evaluates the statistical analysis result 

calculated by the model-based expert system. 

7. The method of claim 1, wherein the model-based expert system comprises 

multiple different mathematical models for the same process unit in the 

industrial plant; 

wherein the model-based expert system calculates one or more results 

from the different mathematical models; 

wherein the rule-based expert system further uses: (c) information relating 

to the operating mode of the process unit; and 

wherein the message selected for suppression is at least partly determined 

on the basis of the operating mode of the process unit. 

8. The method of claim 1, wherein the step of applying the rule-based expert 

system comprises evaluating the set of rules in a sequence such that rules whose 

conditional premises are fully known are evaluated before the rules whose 

conditional premises are not fully known. 
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9. The method of claim 8, wherein the set of rules includes a first rule and a 

second rule that relies on a conclusion of the first rule, and wherein the first rule 

is evaluated before the second rule. 

10. The method of claim 1, wherein the step of applying the rule-based expert 

system comprises evaluating the set of rules according to a rule evaluation 

schedule, and wherein the method further comprises the step of making a rule 

evaluation schedule, which comprises the steps of: 

adding to the rule evaluation schedule, a first set of rules whose 

conditions do not depend on other rules; and 

adding to the rule evaluation schedule, a second set of rules that are not 

already in the schedule whose conditions include dependencies on rules in the 

first set of rules but do not depend on any other rules. 

11. The method of claim 10, wherein the step of making a rule evaluation 

schedule further comprises the step of adding to the rule evaluation schedule, a 

third set of rules not already in the schedule whose conditions include 

dependencies on rules in the first set of rules or the second set of rules, but do 

not depend on any other rules. 

12. An industrial plant, comprising: 

a process unit; 

multiple sensors that sense the operating condition of the process unit; 

a process control system in communication with the multiple sensors; 

an operator interface; and 

a computer system that comprises: 

a) a rule-based expert system that comprises a set of rules for 

evaluating the operation of the process unit; 

b) a model-based expert system that comprises a mathematical 

model for evaluating the operation of the process unit; 
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wherein the computer system is programmed to perform steps 

comprising: 

receiving data on the operating conditions of the process unit; 

applying the model-based expert system to evaluate the operation 

of the process unit using data on the operating conditions of the process unit; 

obtaining a result from the model-based expert system; 

applying the rule-based expert system to identify a possible 

abnormality in the operation of the process unit using: (a) data on the operating 

conditions of the process unit, and (b) the result from the model-based expert 

system; 

sending a message regarding an abnormality to the operator 

interface; and 

suppressing a message from the model-based expert system, 

wherein the suppressed message relates to the abnormality. 

13. The industrial plant of claim 12, wherein the mathematical model in the 

model-based expert system includes a principal component analysis model. 

14. The industrial plant of claim 13, wherein the mathematical model further 

includes a valve flow model, a proportional—integral—derivative control monitor 

model, and a partial least squares (PLS) model. 

15. The industrial plant of claim 12, further comprising using a database 

accessible by both the model-based expert system and the rule-based expert 

system, wherein the database comprises: 

(a) data pertaining to the configuration of the mathematical model in the 

model-based expert system; and 

(b) data pertaining to the configuration of the rules in the rule-based 

expert system. 
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16. 	The industrial plant of claim 15, wherein the database further comprises: 

(c) data pertaining to the message suppression relationships in the integrated 

expert system. 

17. The industrial plant of claim 12, wherein the result from the model-based 

expert system is a statistical analysis result on the operation of the process unit, 

and wherein the rule-based expert system evaluates the statistical analysis result 

calculated by the model-based expert system. 

18. The industrial plant of claim 12, wherein the model-based expert system 

comprises multiple different mathematical models for the same process unit in 

the industrial plant; 

wherein the model-based expert system calculates one or more results 

from the different mathematical models; 

wherein the rule-based expert system further uses: (c) information relating 

to the operating mode of the process unit; and 

wherein the message selected for suppression is at least partly determined 

on the basis of the operating mode of the process unit. 

19. A computer system comprising: 

a) a rule-based expert system that comprises a set of rules for evaluating 

the operation of a process unit in an industrial plant; 

b) a model-based expert system that comprises a mathematical model for 

evaluating the operation of the process unit; 

wherein the computer system is programmed to perform steps 

comprising: 

receiving data on the operating conditions of the process unit; 

applying the model-based expert system to evaluate the operation 

of the process unit using data on the operating conditions of the process unit; 

obtaining a result from the model-based expert system; 
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applying the rule-based expert system to identify a possible 

abnormality in the operation of the process unit using: (a) data on the operating 

conditions of the process unit, and (b) the result from the model-based expert 

system; 

sending a message regarding an abnormality to an operator 

interface; and 

suppressing a message from the model-based expert system, 

wherein the suppressed message relates to the abnormality. 

	

20. 	The computer system of claim 19, wherein the mathematical model in the 

model-based expert system includes a principal component analysis model. 

	

21. 	The computer system of claim 20, wherein the mathematical model 

further includes a valve flow model, a proportional—integral—derivative control 

monitor model, and a partial least squares (PLS) model. 

	

22. 	The computer system of claim 19, further comprising using a database 

accessible by both the model-based expert system and the rule-based expert 

system, wherein the database comprises: 

(a) data pertaining to the configuration of the mathematical model in the 

model-based expert system; and 

(b) data pertaining to the configuration of the rules in the rule-based 

expert system. 

23. 	The computer system of claim 22, wherein the database further 

comprises: (c) data pertaining to the message suppression relationships in the 

integrated expert system. 

24. 	The computer system of claim 19, wherein the result from the model-

based expert system is a statistical analysis result on the operation of the process 
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unit, and wherein the rule-based expert system evaluates the statistical analysis 

result calculated by the model-based expert system. 

25. 	The computer system of claim 19, wherein the model-based expert system 

comprises multiple different mathematical models for the same process unit in 

the industrial plant; 

wherein the model-based expert system calculates one or more results 

from the different mathematical models; 

wherein the rule-based expert system further uses: (c) information relating 

to the operating mode of the process unit; and 

wherein the message selected for suppression is at least partly determined 

on the basis of the operating mode of the process unit. 


