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Abstract 

 
This paper presents a new approach to acquire a knowledge base (MKB) of continuous processes through a 
distributed system.  The proposed methodology combines MKB and case-based reasoning (CBR) for adaptive 
knowledge base creation, maintenance and updating trough the use of an architecture with the following aspects: i) 
distributed architecture network; ii) real-time operation; iii) advanced visual interface.  Although originally 
developed for use in hydroelectric power plants it is useful for other industrial processes in mission-critical with 
high cost of interruption.  This work presents the system requirements, the aspects of the case base formation, the 
CBR cycle and the believe network. 
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1. Introduction 
AES Tietê is a Brazilian power company with generation business, belonging to the worldwide AES Company.  
AES Tietê, comprised of 10 hydroelectric power plants with a total of 2,651 MW of installed capacity, represents 
approximately 21% of the total generation capacity in the state of São Paulo.  AES Tietê participates in the R&D 
program of the Brazilian ANEEL Agency (National Agency of Electrical Energy).  Under this program the interest’s 
relays on the development of technological innovations in order to achieve resources optimization, increased 
reliability in the operation of generating units and operating restrictions reduction. 
 
This paper presents the results of part of a large project carried out to develop a diagnostic system of hydroelectric 
plants.  The developed intelligent maintenance system (IMS) comprises three subsystems: i) the development of a 
maintenance knowledge base (MKB); ii) the monitoring and data processing of the supervisory control and data 
acquisition (SCADA); iii) the analysis of vibration signals.  The present paper refers to the first topic presented 
above: the development of an MKB system.  It describes the proposed architecture with the associated resources as 
well the system requirements adopted in this work. 
 
The development of a MKB is a crucial task for a proper IMS performance.  A MKB is an information system able 
to offer solutions to troubleshooting problems at a level comparable with that of experts in the field [1].  The 
reasoning paradigms belong to the most attractive and powerful methods indicated in the literature to manage a 
specific knowledge base.  Reasoning is the cognitive process of analyzing for certain conclusion.  To make the 
computer system to analyze and reason the facts in order to derive a conclusion is a very difficult task to perform.  
The reasoning paradigm covers a range of different methods for organizing, retrieving, utilizing and indexing the 
knowledge retained in past cases, where the most widespread are the case-based (CBR), rule-based (RBR) and 
model-based (MBR) reasoning.  The reasoning paradigm is a subfield of machine learning and it is proper to 
problem solving and learning.  In many aspects they are fundamentally different from other major artificial 



intelligence (AI) approaches [2].  Instead of relying solely on general knowledge of a problem domain, or making 
associations along generalized relationships between problem descriptors and conclusions, CBR in particular, is able 
to utilize the specific knowledge of previously experienced, concrete problem situations (cases).  A new problem is 
solved by finding a similar past case, and reusing it in incremental, sustained learning.  A new experience is retained 
each time a problem has been solved, making it immediately available for future problems.  Typically a CBR cycle 
may be described by the four processes [3]: 
 

• RETRIEVE the most similar case or cases; 
• REUSE the information and knowledge in that case to solve the problem; 
• REVISE the proposed solution; 
• RETAIN the parts of this experience likely to be useful for future problem solving. 

 
There are several works in the literature who addresses the problem of operation/maintenance based on the use of 
reasoning paradigms.  The authors in [1] propose an approach that combines MBR and CBR for adaptive knowledge 
base creation, maintenance and update through multi-signal flow graph modeling.  In [4] a CBR augmented by RBR 
and data mining method is used as a principle reasoning paradigm for a knowledge-based decision support system.  
A study to evaluate CBR and evolution strategies for machine maintenance is presented in [5].  The author in [6] 
discusses the generalized transformation process of Failure Modes and Effects Analysis (FMEA) of any equipment 
into cases via the CBR method.  In [7] the authors present a generic integrated distributed intelligent multimedia 
system architecture for process monitoring, fault diagnosis and maintenance. For this purpose different AI 
techniques such as heuristic reasoning, CBR and hypermedia are combined.  A computational CBR model for 
decision support purpose is proposed in [8], especially for unstructured decisions.  The work [9] explores the use of 
CBR as a technique for storing fault management experience making it available for the operators to confront 
similar anomalous situations. 
 
This paper presents in the following the details of the developed approach for supporting decision-making in 
operation/maintenance of continuous processes as desired for hydroelectric power plants processes.  In Section 2 it 
gives the main motivation for this work.  The details of the developed approach are given in Section 3. 
 
2. Motivation 
Complex processes of power generation, continuous processes in pulp and petrochemicals industries, among others, 
to remain stable and fulfilling their function require large teams for continued maintenance and local operation.  In 
mission-critical facilities interruptions have a high cost and an appropriate decision from the operation/maintenance 
agents is vital to ensuring the continuity of work. 
 
In general, the operation procedures are detailed in specific manuals.  Moreover, the procedures adopted are noted in 
the occurrence books of operation.  The contents accumulated in these records, however, rarely feed the operation 
manuals [1].  Even when dealing with electronic records, where they exist, usually there is no update or creation of 
knowledge base to aid a proper diagnosis of operation/maintenance problems. 
 
This work, motivated by the issues indicated above, aims to develop a suitable software architecture that meets the 
following system requirements: 
 

• Forms a basis in real time to record the actions taken by the maintenance and operation agents.  There is a 
chance in the future to these records replace the current handwritten occurrence books. 

• Enable the remote access and documentation of the data base.  This premise characterizes the developed 
system as a distributed one. 

• Provide an interface decision support system to aid in fast operation/maintenance. 
• Record the history of the erroneous actions over time.  The idea is that the learning process is performed by 

both wrong and valid actions from the operation and maintenance agents. 
• Update the knowledge base to aid decision-making through the use of the base of registered cases. 
• Supports the prediction of future events with the use of computational intelligence techniques. 

 
The mentioned system requirements conduct to a computational system with the following characteristics: 
 



• Distributed architecture network 
• Real-time operation 
• Advanced visual interface 

 
3. The proposed system 
 
3.1 Characteristics of mission-critical systems 
In mission-critical systems, after the occurrence of operation condition changes, the main purpose is to make the 
system to return to its normal working condition or, at least to a contingency condition while a better solution is 
investigated.  Decision-making systems in mission-critical situations have to work promptly and can (or should) 
record not only the quality of a diagnosis but also the effectiveness of a solution.  This feature is not required in non-
critical systems, where the time between the decision-making and the solution, or even the need for reassessment of 
the diagnosis, is often beyond the control of the system.  From this perspective, in mission-critical systems it is very 
important not only to evaluate the quality of diagnosis and effectiveness of the solution but also to adequately 
present these evaluations to the agent’s decision. 
 
The time elapsed between any alarm event indicating a condition change and its effective solution must be as short 
as possible.  Otherwise one can expect huge losses if the required solution of continuity in critical operation is not 
adopted.  The proposed system uses this requirement by considering a case as the time path between the alarm event 
and the solution.  For this, it stores the wrong and the accurate decisions in the whole path starting from one alarm 
event, passing by the diagnosis and the adopted solutions, until the end of the case (when the system operation 
returns to its normal condition).  The not succeeded decisions made along the evaluation of the problem reduce the 
sample space and so, in real-time, the probabilities associated to each diagnosis/solution in the knowledge base are 
modified. 
 
3.2 The proposed CBR cycle 
The proposed CBR architecture acts on two distinct databases (see Figure 1).  The first one is the knowledge base 
(KB) containing diagnosis and solutions associated to each event (problem) and their percentage occurrence, 
structured accordingly to the operation and maintenance manuals.  The second one is a database formed by cases 
which link every alarm event (symptom) to a record assembled by the processes retrieve – reuse – revise – retain.  
It must be emphasized that this work performs these four processes in a different manner if compared to the 
traditional way [1] as indicated in the following.  Notice that in the proposed CBR cycle there are two distinct agents 
playing important rules: the system operator and the maintenance agent. 
 

• Retrieve.  When an alarm event occurs the system makes available to the operation agent a set of events 
that can be associated to that alarm.  This roll of events is primarily based on the operation manual which 
can be extended from the cases analysis.  For some specific cases the association alarm-event can be 
performed automatically.  After this association, the operator interface module presents a summary of the 
installation status at the alarm event moment, e.g., other active alarms, some monitored variables that are 
representative of the installation, vibration spectrum and overall, and a roll of possible diagnosis for that 
event. 

 
• Reuse.  The operation agent’s option for one of the possible diagnostics starts the construction process of 

the case.  In this way, this agent reuses one confirmed diagnostic from the knowledge base.  By doing this, 
the choice is informed in real-time to the maintenance agent.  This information is performed via a fast 
access graphical interface with the use of radio buttons on a distributed network multiple documents 
interface.  If there is no former acceptable diagnosis in the roll of events the operation agent can add a new 
one that will be part of the knowledge base if the associated solution is satisfactory.  For each diagnosis on 
the KB there will be one or more suitable solutions for the event.  The most suitable choice can be made by 
the operation or maintenance agents.  However, it must be performed before the decision-making, what 
highlights its inferential character. 

 
• Revise.  Once the decision-making is performed the conditional character is highlighted by either its 

positive or negative result.  Although this is a fundamental statement for the computation of the probability 
of success of the operation, there is a possibility that the most suitable choice is not followed by the agents.  



In this sense, the system is configured to consider that the operation agent always performs a choice in total 
absence of any information regarding its success (what creates an unconditional probability) and that the 
maintenance agent always works with some evidence of the solution success (what creates a conditional 
probability).  In other words, the case revision is consolidated by the action of the maintenance agent. 

 
• Retain.  After the decision-making both operation and maintenance agents evaluate the obtained result.  

This evaluation finishes the case and it becomes part of the base case.  The KB is fixed since the result is 
affordable and the system returns to a normal operation condition.  Notice that during the case assembling 
process, which is composed by a sequence of diagnosis and solutions, correct or not, the values of the 
success probabilities were modified dynamically with the interventions from the agents.  This procedure 
allows experimentations with temporary elimination of diagnosis and solutions that led to failure.  The 
storage of all actions in a case base allows to the KB to be not affected by these experimentations through 
the use of a decision-making rollback procedure. 

 
All the CBR processes commented above are indicated in Figure 1. 
 

 
 

Figure 1: The proposed CBR cycle 
 
3.3 The belief network 
Belief networks, also known as Bayesian Networks, are models for representing uncertainty in our knowledge [10].  
A Bayesian Network with the structure presented in Figure 2 is introduced to reduce the update of the degree of 
belief in each diagnosis and suggested solution presented to the agents.  In belief networks each node represents a 
random variable while the arcs signify the existence of direct influences between the linked variables. 
 



As the operation agent acts remotely, their diagnoses always assume an inferential nature, i.e., form non-observable 
state variables.  The events, on the other hand, are placed as consequences of the diagnoses.  The occurrence of such 
events modifies immediately the probabilities of the diagnoses.  The choice of a specific diagnosis does not mean 
that this is true (or 100% of belief), but that a set of possible solutions is presented for choice.  However, the choice 
of a correct solution will modify the degree of belief of the diagnosis chosen for the specific event. 
 
The basic structure presented in Figure 2, using the nodes “Event i”, “Diagnosis i” and “Solution i”, is not static.  It 
can be properly augmented by the use of other internal network states connected to the diagnosis, e.g., a modified 
vibration overall signal can be one cause of several diagnoses and it increases their probabilities. 
 
Regarding the causal relationship, events are in fact caused by diagnoses.  For instance, a diagnosis such as “Voltage 
Regulator Fault” causes the actuation of the emergency stop group, which is one possible event.  In addition, this 
diagnosis also causes an action from the maintenance agent.  The other internal network states (see Figure 2) like as 
active power generated, barrage level, vibration overall, and so on, can be CAUSES if they occur before the problem 
diagnosis; otherwise, if they occur after they are considered as CONSEQUENCES. 
 

Event 1 Event 2 Event n

Diagnosis 1 Diagnosis 2 Diagnosis n

Solution 1 Solution 2 Solution 3 Solution n

Other internal states

 
 

Figure 2: The adopted belief network 
 
4. Conclusions 
In this work the authors present an original approach to deal with supporting decision-making in 
operation/maintenance of continuous processes in mission-critical as verified in hydroelectric power plants.  This 
approach combines maintenance knowledge base (MKB) and case-based reasoning (CBR) for adaptive knowledge 
base creation, maintenance and updating trough the use of an architecture with the following aspects: i) distributed 
architecture network; ii) real-time operation; iii) advanced visual interface.  In the proposed CBR cycle there are two 
distinct agents playing important rules: the system operator and the maintenance agent.  The system requirements 
adopted in this work conduct to a computational tool characterized by a distributed architecture network, real-time 
operation and use of an advanced visual interface. 
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