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Abstract

Information technology and artificial intelligence technology hold great potential for enabling the
distributed and intelligent fault diagnosis. Hydraulic motor is a common actuator having a high
impact on the system performance. There has been significant work on fault detection and diagnosis
for hydraulic motors. This paper presents a multi-agent framework for hydraulic motor fault
diagnosis based on three-tier architecture that can support a distributed application. Six types of
agents implemented by computers are investigated. In particular, the communications between
agents are described. It can provide a handy trouble-shooting tool that cuts down the time involved
in diagnosing failures in hydraulic components in general, and in motors, in particular.
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I. Introduction

Hydraulic motor is an actuator that converts the hydraulic energy of a pressurized fluid into
mechanical energy of a continuous rotation. It is widely applied in the machinery for construction,
mining, shipping and metallurgical industries, etc. It has a high impact on the efficiency and
reliability of hydraulic system. The hydraulic motors are known to exhibit a sensitive dynamic
behavior that is highly influenced by many factors. The dramatically different dynamic behavior can
be used for the prediction of faults. Fault diagnosis for hydraulic motors relied on human
intervention to recognize small problems such as vibration and noise, and personal experience to
obtain solution in the past days. With the rapid development of high technologies in the world, the
industrial equipments become more and more complicated and sophisticated. Fault diagnosis for
industrial equipments is facing serious problem due to distributed and collaborative industrial
activities. In hydraulic applications there is a growing trend toward information technology and
artificial intelligence technology [1-3]. These approaches developed for fault diagnosis of hydraulic
system can be grouped as [4-8]: expert systems; qualitative reasoning; model-based diagnosis from
an artificial intelligence perspective; model-based diagnosis based on control engineering techniques;
neural networks; web-based; distributed artificial intelligence such as multi-agent. As we know, fluid
power systems present two main challenges to establish fault diagnosis architectures. Firstly, the
systems tend to be very nonlinear. Secondly, behavior is frequently dynamic, meaning that the
output of the system is a function of time as well as any inputs to the system [3]. In expert systems in
presence of nonlinearities, the number and complexity of rules required by the diagnosis increase.

71



Zhijun Rong, Kuisheng Chen, and Baosheng Ying
Distributed Intelligent Fault Diagnosis for Hydraulic Motors

Similarly nonlinearities increase the size of search space and result in slower and less reliable
diagnosis for qualitative reasoning approaches. Model-based approaches typically rely on linear
models. Therefore increasing system nonlinearity leads to larger modeling errors and less accurate
diagnosis. Neural networks model can be used for identifying faults in hydraulic components. But
for practical application, the basic NN algorithm has two disadvantages. One is the low speed of
training; the other is their tendency towards local minima. There is no perfect approach for fault
diagnosis of hydraulic components as only one technology is applied. Neural networks based on
genetic algorithm provide a proper approach for fault diagnosis and is relatively successful. Now
cooperative analysis and diagnosis should be done on the web in a distributed application. Multi-
agent technology [9-13] as a branch of distributed artificial intelligence shows some promises for
distributed and intelligent diagnosis.

In this study, we attempt to establish a multi-agent framework for diagnosis of hydraulic motor,
identify the relation between agents and introduce the application of multi-agent technology for
hydraulic motor fault diagnosis. The remainder of this paper is organized as follows. In Section 2,
the diagnosis strategy and fault characteristics of hydraulic motor are described. In Section 3, a
multi-agent framework for fault diagnosis is given and function of each agent is investigated. In
Section 4, a fault diagnosis process is proposed as case study based on the framework. Finally, in
Section 5, the work is summarized and some future directions are highlighted.

I1. Diagnostic Strategies

Fault diagnosis provides a systematic view of the hydraulic motor to identify failures and the causes
and effects of such failures. There are many approaches to diagnose the hydraulic motor faults like
vibration diagnosis, model identification, statistical diagnosis, fuzzy diagnosis, etc. Many traditional
approaches to fault diagnosis are based on signal processing techniques including three main steps:
the first consists in measuring signal, the second in refining symptom; the third in detecting and
identifying fault. The status data of hydraulic motor can be grouped into two categories: one is
energy data like vibration, noise, temperature, etc; the other is physical state data like leaked oil, rust,
crack, etc. Symptom can be extracted from these data. The drawbacks of traditional methods are as
follows: experience and knowledge of domain experts cannot be utilized completely; using forward
inference only leads to poor new information; have no self-learning ability; the diagnosis results
without explanation; diagnosis program is too rigid to be modified and extended; geographically
distributed people cannot analyze and diagnose cooperatively. Therefore, a new approach combining
operational research and intelligent decision-making process is needed and a web-based realization
can be considered as being an essential requirement. The diagnostic strategies meeting new
requirement are shown in Fig.1.
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Fig. 1. The diagnostic strategies

The status data are received from the hydraulic motor in real time or offline. These data are sent to
working memory of intelligent fault diagnostic model and represented in required format. The
intelligent diagnostic model loads the data from working memory and makes a diagnosis. If the
diagnostic model cannot give solution the alarm message will be sent out for requesting help of
domain experts. If the results are reliable and validated by experiments, the diagnosis process will be
evaluated and the strategies knowledge will be extracted. New understanding or new information
about the diagnosis process well be stored into knowledge base and database. The relationships
between symptoms and faults are described as follows: symptom set consisting of all symptoms
related to fault; symptom set consisting of some symptoms related to fault; symptom set consisting
of fuzzy symptom related to fault. Three diagnosis strategies for these three conditions can be
investigated: sequential, combinational and fuzzy fault diagnosis. Sequential fault diagnosis takes a
global view to track down the causes of the problem accurately. Combinational fault diagnosis gives
relating probability of cause and result on the basis of statistics. Fuzzy fault diagnosis gives the
degree of membership of fault cause by dealing with fuzzy symptom data. Fuzzy data occurs when
operators need to express the symptoms in an approximate way by verbal judgement or by stating a
single number taken from the 1-9 comparison scale. In fuzzy logic, the truth of any statement is a
matter of degree. If we have a particular criterion A, we can associate, with each value in X, a
number A[X;] in the interval [0,1], indicative of how well X; satisfies criterion A, which of course
then specifies A as a fuzzy set of X. We can define A[X;] is the degree of membership [9]. The
symptoms are always described by fuzzy information like high noise, serious leakage and vibration,
etc. The degree of noise, leakage and vibration can be indicated by A[X;] instead of by semantic
description like “high” or “serious”. According to the diagnostic strategies, artificial intelligence
technologies, such as expert systems, fuzzy logic and neural network are necessary to support the
hydraulic motor fault diagnosis.

I11. Multi-agent Framework for Distributed Fault Diagnosis

Agent is a basic term of distributed artificial intelligence and can be treated as an extended object-
oriented program. Each agent has its own control thread and runs independently of each other.
Agents exchange messages with each other while performing their roles. They can determine the
way of dealing with messages by themselves. Agents continuously test and change their strategy in
dependence on their interactions and the current situations. The multi-agent framework for
distributed fault diagnosis is illustrated in Fig.2. It has six different types of agents: protocol agent
(PA), initial diagnosis agent (IDA), motor information agent (MIA), making-decision agent (MDA),
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evaluation &review agent (ERA), database&knowledge base agent (DKA). The framework
presented in this paper is developed using the three-tier architecture model in which the client tier,
application tier and database tier are developed and maintained as independent modules. The agents
perform their tasks in this three-tier architecture. PA works in client tier, other agents except DKA
will run in the application tier, and DKA will work in database tier. PA defines the bottom tier
protocol such as HTTP, FTP, etc for interaction with user front, accepts the application request from
user protocol agent on specific port and transmits the request to IDA. It implements service request
routing function, sends the application request to IDA according to types of service interfaces
announced by itself. MIA is responsible for managing the motor information including the
maintenance schedule, repair history, location, service life and working condition, etc. This agent
can provide two significant benefits. Firstly, the diagnosis process has direct relation with certain
fault object and the diagnosis result can be tracked to the original cause even it has been refined to
be knowledge rule. Secondly, the diagnostic time can be shortened because MIA will ask DKA to
provide the old diagnostic record directly if the symptoms are same. DKA identifies type, location
and potential performance of database. It can apply CRUD (Create, Retrieve, Update, Delete)
operation to database, provides support for sharing the database on different sites, saves costs and
improves the data source efficiency. It is responsible for fetching all the required data and available
diagnosis knowledge strategies for IDA, MDA and ERA. In addition, DKA refines the evaluation
results from ERA and extracts knowledge from them. Due to the nature of DKA, connectivity to any
existing data storing and knowledge management mechanism can be easily established and
maintained. IDA handles incoming data and represents the knowledge. It manipulates the fault
diagnosis with the help of embedded expert system or neural network model. The training data for
NN model and knowledge rules for expert system are provided by DKA. If it failed, the IDA will
announce the fault cannot be identified and no solution can be given. Thereafter, domain experts are
needed. If it accomplishes the task, the diagnostic results will be sent to MDA. MDA is the core of
the framework. The results from IDA are on the basis of superficial diagnosis data that is a bit fuzzy
and subjective. MDA takes into account the previously unknown information and unexpected
relationship in data. It gives the final solution and the final results will be sent to ERA. ERA is
responsible for examining the work and making the judgments. The diagnostic strategies and process
will be summarized and the conclusion will be sent to DKA as the source of database and knowledge
base.
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Fig. 2. Multi-agent framework for fault diagnosis of hydraulic motor

V. Case Study

Too low speed is one of the common faults of hydraulic motor. Wearing, choking, viscosity and oil
level have direct connection to the speed. In fluid power industry, it is necessary to identify and
locate fault causes while the fault effects are always known for the poor operation performance.
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When an operator observes the fault, he/she tries to find the causes with his/her own experience or
turning to external help such as domain experts and fault diagnosis system. Domain experts are
always not available at any time because they are not everywhere at disposal and are limited in their
number. The distributed and intelligent fault diagnosis can ease this problem by exchanging and
utilizing expert knowledge with the computer on the web. The following case study illustrates the
diagnosis process as shown in Fig.3. The first phase of the diagnosis process begins at a new fault
arrival. New requests are handled by the PA, which collects input from operators and prepares all
data required by other agents before they initialize and execute the fault diagnosis mechanism. Data
collection is realized through PA that comprised two parts: one dedicated to the collection of fault
symptom data and the other dedicated to the collection of hydraulic motor specific information.
When an operator enters the system, he/she declares the fault results like slow working speed, etc.
Furthermore, the operator inputs the specific information like the service life, working condition and
past solved problems, etc. The system will ask the operator to provide the diagnosis parameters like
oil level and viscosity, etc. The operator should try his/her best to meet the requirement because that
will affect the accuracy of fault diagnosis. Some symptom data can be expressed in value such as
viscosity and oil level; while some symptom data can be expressed in fuzzy semantic format such as
wearing and leakage. The symptom data provided by operators will be sent to IDA as input of
intelligent inference and computing. KDA will provide the history diagnosis results and potential
fault data for IDA according to the motor specific information. IDA computes and sends the
computing results with degree of belief of each fault cause to MDA. If IDA cannot perform the tasks,
domain experts will be asked to give solution and the results will be sent to ERA combined with
IDA failure results. MDA is a kind of decision support system that recommends solution and shows
potential causes and effects [13]. Potential fault will also be analyzed. The results from MDA will be
applied into practical operation and the application results will be input to ERA. ERA checks
diagnosis process and refines new diagnosis strategies knowledge. These new knowledge will be
used to update the database and knowledge base by DKA. Therefore, the self-learning ability will be
improved. From this case, each agent is a set of program that has its own task and communicates
with other agents its own intention. It can respond requests from other agents autonomously.
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Fig. 3. The activity diagram of diagnosis process

V. Conclusions
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The research work described in this paper demonstrates that development of multi-agent techniques
for the fault diagnosis of hydraulic components is now within the realms of possibility. More
specifically, the process of fault diagnosis is thoroughly described and focus is given on the
developed methodologies, which are specified keeping in mind the effort for establishing efficient,
quick and easy fault diagnosis. The presented multi-agent framework deploys techniques for
intelligent and distributed fault diagnosis. The functional architecture is described in detail, and all
types of participating agents analyzed in terms of their functional specifications. Though it is
possible to follow more than a single approach, a multi-agent technology, is able to suggest the most
suitable fault diagnosis method, which is then supported by the tools of fuzzy sets, expert system,
neural networks and distributed application. The integration of intelligent computing and multi-
criteria decision support methods is discussed in this research, and work to date indicates that it is
likely to be a usable and promising methodology in fault diagnosis. It is important to address the
future research effort to complete the development of the system and to study communications
between agents. As the presented multi-agent framework can be extended to fulfill the needs of a
distributed network, introducing mobility characteristics to the existing agent types and enlarging the
knowledge base is the main task.
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