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Abstract
We have shown in preceding papers the feasibility of
developing a framework for building hypertext based
diagnosis systems. It was based on a novel definition and
implementation of hypertext systems, which are more
appropriate to account for the structural properties,
which exist in any document describing a given
engineering system. This framework also used a model
ontology building method for representing our knowledge
of a given system, its functioning process, as well as the
occurrence of certain faults and the description of the
corresponding diagnosis processes.
In this paper we present the development of this
approach in the case of the vibration diagnosis of
rotating machines. We have developed an ontology of
rotating machines by using the model ontology building
method embedded in our hypertext system. It permits to
browse across the ontological knowledge base for
performing the diagnosis process.
Given a certain problem, the user can chose among
different methods, which one is the most appropriate.
This choice relies on arguments, which are provided by
the ontology. If several methods are used concurrently,
the ontology provides a guidance for deciding, which tool
to believe.
Key Words: diagnosis, information fusion, hypertext,

ontology

1. Introduction
S. Abu Hakima has presented in [1] a thorough
review of the state of the art in artificial intelligence
(AI) techniques useful in diagnosis. Eight
categories are identified, and a section of the report
is dedicated to the analysis, discussion and
prospective of each of the five that are the most
relevant to diagnosis. They are: fault-based
techniques, model-based techniques, case-based
reasoning techniques, machine learning for
knowledge acquisition, and integrated diagnostic
techniques. The three remaining techniques are
knowledge-based management, user interface and
overviews relevant to diagnosis. Fault-based
reasoning (FBR) techniques refer to what might be
described as the experiential approach to represent
human heuristic knowledge about maintenance and
repair of a device or a process. Model-based
reasoning (MBR) techniques use quantitative or
qualitative models of the correct and expected

behavior of a device to detect and to explain the
discrepancy between the observation of the device
and its behavior predicted by the model. Case-based
reasoning (CBR) techniques refer to the ability of
representing, managing, and updating our memory
of previous studied cases of a device failure.
Machine learning for knowledge acquisition uses
either classification techniques on data examples
and counter examples to build a domain theory, or
conceptual models of the domain theory to build
analogies. Integrated diagnostic techniques propose
elaborated answers to the established fact that no
single strategy is suitable for diagnosis. In each of
the five sections of [1] the strength and weakness of
each of the approaches are discussed, with an
emphasis on how future works will resolve some of
their shortcomings. The integrated diagnostic
approach is presented as superior to each of the four
preceding ones, in the sense that it takes advantage
of each of their strength. For example, "model-
based reasoning is used with fault-based reasoning
to integrate in a single system the experiential
knowledge of diagnosing a device with its expected
behavior. This reduces computational complexity of
finding a diagnosis using MBR. Model-based
reasoning is also integrated with data interpretation
to reduce the computational search. Explanation-
based learning is used to refine the reasoning chains
in rule-based FBR. Rule induction is also used to
generate FBR systems. Fault-based reasoning is
integrated with CBR as a means of acquiring new
knowledge and reducing the search for a diagnosis.
Similarly, MBR is integrated with CBR to
accelerate diagnosis" [1, pp. 78]. In addition to
integrating AI techniques, efficient results can be
obtained by integrating AI techniques with more
algorithmic techniques such as real-time (RT)
approaches [2] [3].
Although very attractive one major weakness of the
integrated approach is that the role played by each
of the integrated techniques and their relationships
are more or less fixed by the application domain.
Even if the employed AI techniques use non-
predictable search-based problem-solving
approaches, selections are made from these



alternative problem-solving techniques given a
priori knowledge of the most appropriate ones.
It is easy to imagine however that the same
diagnostic system may be used differently
according to the occurrence of a given failure with
respect to the general state of the device. The same
diagnostic system may present information, results
and explanations differently according to the needs
of the user. The same user may want to have
different points of views of the same resolution
process. The user may be interested in having some
freedom for building relations and cooperation
between different diagnostic techniques.
Hypertext systems have been thought as systems,
which are able to represent and support the
association of different information sources. Their
purpose is to provide the user with the enriched
information resulting from the association of the
information sources. This objective is obtained by
the use of navigation tools. Navigation tools use
nodes and links. Each node is an information
source. Links are built from one part of a node to
another node (or a component of another node).
If the information sources were diagnostic
techniques such as presented above, and if the links
were the representation of how they interact to
resolve a given diagnostic problem, the resulting
hypertext system may be seen as a good candidate
for diagnostic information fusion. However,
although necessary for proposing interesting
solutions, the common hypertext approach is not
sufficient for providing the user with functions such
as comparison of diagnoses, tools expansion,
confidence improvement or inconsistency
explanation, and so forth. This calls for proposing a
hypertext scheme, which supports if not all, at least
some of these functions.
In previous work, we have proposed a framework
for developing task oriented navigation tools for
hypertext systems. It is based on the notion of
contextual navigation. Its objective is to account for
the fact that the path followed by the hypertext
reader is not only defined by the relations between
nodes, but also by the context in which links and
other possibilities of navigation appear. This led us
to define the notion of a digital document, which
contains its own potential navigation structures.
These potential structures become perceptible
through projections, which correspond to
interpretation and instantiation operations [5]. We
have also shown that by separating nodes content
from hypertext documents structures, it becomes
possible to implement tools, that we call the
instrumentation of the reading, which support the
dynamic creation of documents while reading [4].
We have also been working on building a diagnosis
typology and diagnosis ontology in the application
domain of fault diagnosis of rotating machines. The
approach is based on the assumption that, when
limited to certain professional domain, the behavior

of the user corresponds to types, which are
normalized by their practice. We used a generic
tool, supported by a programming language, for
building domain ontology, which is currently under
development in our laboratory [6].
In this paper we present the third step of this work,
which consists in integrating our hypertext scheme
and our fault diagnosis of rotating machines
ontology in a single tool. Its objective is to provide
the user with efficient hypertext tools for:
• building and browsing a domain ontology,

including process description such as the
occurrence of a fault or a diagnostic method,

• building and browsing digital documents,
which describe machines, parts, functioning,
faults, diagnostic methods,

• building while reading (browsing) synthetic
documents, which propose alternatives of
diagnoses for given faults.

As sated above, developing such a system calls for
an appropriate hypertext scheme. Section 2 presents
a brief summary of our previous work on this
subject. It describes a formal approach and an
implementation scheme for representing the
internal generic structure of a digital document and
building different projections of information
relevant to certain request of the reader. Section 3
presents our general approach for building domain
dependent diagnosis ontology. After introducing
our formal language for ontology representation,
we present its hypertext based implementation.
Then an application to the ontology of rotating
machines is presented. And an example of vibration
diagnosis is described in section 4. Section 5 is the
discussion and the presentation of future work.

2. Hypertext for Structured Digital
Documents Management

The definition and the implementation of a
hypertext scheme, which makes it possible to
provide users with efficient tools for digital
document management has been thoroughly
presented in [4,[5]. Nevertheless the presentation of
the hypertext diagnosis concepts requires some
familiarity with our novel definition of a hypertext
system, structured documents and synthetic
documents built while reading.  The aim of this
section is to present the material needed in the
further sections.
Generally, hypertext is defined as a network of
information nodes, connected by links that allow
passing automatically from one to the other. This
builds up a graph structure that defines the
hypertext. It provides the users with the ability to
create, manipulate, or examine a network of
information-containing nodes interconnected by
relational links. This representation allows using a
graph to represent a whole hypertext system. One



important shortcoming of this approach is that
nodes have a fixed display. Although not explicitly
stated, this assumes that the node content implies
the node display. This comes from the principle that
the nodes format includes the way in which the
node is displayed. Consequently, most models do
not take into account the content of the node itself,
stating that the way in which it is displayed is not
dependant on the hypertext system. These systems
are only characterized by the graph of nodes. Nodes
are considered as functional units, structurally and
semantically complete, as if they were still on a
static medium. Another characteristic of the current
models is that the links do not belong to the
description of the nodes. A link is “anchored” in the
node, but this anchoring is considered to be
dependent on the structure and the format of the
node. The model of the interaction of the reader is
the description of a path in the graph of nodes. The
problem to be solved is then to find the relevant
path, i.e. the relevant actions of the reader for
reading the hypertext, during a single session.
Instead of models of the reader’s path in the graph,
we can build models of the reader’s reading action.
They are based on structuring the instantaneous
state of the hypertext system during the reading
action.
The action of reading can be limited neither to the
study of paths in graph of nodes, nor to the study of
states of the hypertext while reading. Reading
includes also the context in which navigation
functions appear in a node. The information, which
appear in a hypertext document, influence the
information supported by the link. Thus the
meaning of a link depends both on the structure and
on the content of a node. Hypertext nodes embed
their own way of navigation for browsing
documents. Therefore, they are highly dependent on
the content of the node. By putting this navigation
tools into context, hypertext allows the reader to
navigate while reading. It results in a contextual
navigation. This implies that the path taken by the
hypertext reader is not only defined by the relation
of the nodes, but also by the context in which links
and other possibilities of navigation appear.
Thus we come up with a definition of digital
documents, which is closer to its use. A digital
document is composed of a limited and linear set of
values. Each document follows a format, which
allows its interpretation into a more complex
structure. For example, a bitmap graphic file
contains the size of the picture and the values of the
pixels. By knowing the width of the picture and the
number of bit per pixel, any program can convert it
into a matrix of values, which can be transformed
further into a screen picture. The format specifies
the structure of the file, and the use of the data.
We cannot access the document itself, as a set of
values. We only access it through what we call
projection. It is the means by which a format is

made perceptible. A projection can be exhaustive,
partial, or synthetic. The table of contents from a
structured text is a projection of the document, even
if it omits a great part of the file, since it is still a
view of the same file. Another synthetic projection
can be an index of a document; any diagram based
on statistics, a graph of a resolution procedure, an
intensity diagram of a graphic file.
As we have seen above, hypertext differ from other
kinds of interaction with digital document by the
localization of the navigation tools in the document.
Thus, we can define hypertext documents from this
characteristic. The navigation tools of the hypertext
are produced by the projection of the node content..
With this approach hypertext is considered from the
point of view of the nodes. This leads to consider
that the main characteristic of hypertext is that the
navigation structures are localized in the nodes.
The most general way for implementing a hypertext
system is to use a structural markup scheme, for
example SGML [7]. It makes it possible to build
representations of documents. Rather than relying
on explicitly marked links, navigation is driven by
the structures of the documents. We have used this
frame to develop a prototype of electronic patient
record management with a hypertext system [4].
The medical record belongs to a class of
hyperdocuments that we call dossier. The generics
of the uses of the dossiers are one of their major
characteristics. They can be used for very different
tasks, and so they can be considered as working
tools. In a professional context, it is possible to
work out working tasks relying on the different uses
of a dossier. This classification leads to a low
number of typical consultations of the dossier. The
type of the consultation determines a reading
strategy. These types correspond to different
reading strategies, driving to different kinds of
readings. In the same way as reading situations are
standardized by their professional context, reading
types are also standardized as corresponding to well
defined activities. We can note that these reading
types rely on the same structures, which are used in
very different ways. An important characteristic of
these structures is the generics of their use.
We have established that some readings are
standardized enough to be useful to many potential
readers of the record. Then, the result of this
reading may be collected in a new synthetic
document. We call such a document a structuring
document, because it proposes a reading of the
record by selecting parts and organizing them into a
new structure. A structuring document offers a
direct access to selected contents. Therefore,
structuring documents can become reading tools,
with the potentiality of dramatically increasing the
reader’ productivity.
The implementation of these synthesis tools has
been made using the Standard Generalized Markup
Language (SGML). Documents are described by a



SGML Document Type Definition (DTD), using
medical content tags, e.g. <medical-history>,
and each tag used in the DTDs has a type defined
by a generic tag of the architectural form, e.g.
<section>, <section-title>, etc.
When new documents are added to the
documentary database, synthesis tools are activated
to generate the corresponding structuring
documents. Pieces of documents are copied and
organized into new structured documents. These
new documents are added to the documentary
database with the same status as the previous ones.
The generation of new documents, especially
synthesis documents, implies the duplication of
parts of the content of the generic documents.
Actually, the content is not duplicated
straightforward, but links are built in the generated
document toward the generic document. It is
however necessary to have links between
duplicated and original contents in both direct and
reverse direction to have a satisfying document
genesis.

This system has been built based on an empirical
ontology of the physician’s practice. In the
following section, we present a more formal
approach for building ontology. It is based on a
formal language and its hypertext implementation
that we have applied to the domain of rotating
machines.

3. Rotating Machines Ontology

To create a hypertext based diagnostic information
fusion system, we need a thorough description and
presentation of our knowledge of the domain. This
knowledge is not a descriptive, but a synthetic and
structural one. We need to know how each
diagnosis concept is articulated to the others. This
knowledge is conveyed by what is called an
ontology. Indeed, an ontology is threefold —  it
contains the descriptions of the various sorts of
objects of the studied domain, of their properties
and of their links with other objects in the domain
[9]. Thus, ontological analysis is mainly concerned
with the way knowledge is structured, and not only
with knowledge alone. By describing the sorts of
objects in the studied domain, the analyst creates
terms, which have universal value as concepts.
Hence, a language is created, which represents the
knowledge involved in the domain. The words used
in this language are distinct from the words of the
natural language. Indeed, in a natural language, the
definition of words is supposed to be based on a
common understanding between users, but in
practice it is well-know that users frequently misuse
words. Moreover, natural language definitions are
too loose and often do not make clear the difference
between two close items. On the contrary, an
ontological language is newly created, even though

it may use words belonging to the natural language.
It is based on a newly established convention, and
therefore, it can reduce ambiguity. For example,
when this language needs define two close items,
two different terms will be provided.
We can therefore say that ontologies do not depend
on the kind of task which is to be performed in the
domain. Ontology defines knowledge in a given
domain, by capturing its intrinsic conceptual
structure [9].
According Chandersekaran et al. [9] ontology has
two dimensions:
• Domain factual knowledge provides

knowledge about the objective realities in the
domain of interest (objects, relations, events,
states, ...)

• Problem-solving knowledge provides
knowledge about how to achieve various goals.
A piece of this knowledge might be in the form
of a problem-solving method specifying in a
domain independent manner how to
accomplish a class of goals.

However Valente et al. [10] consider that in the
case of a KBPS (Knowledge Based Problem
Solving), ontologies are not used to describe the
domain, but to support applications. In this case,
ontologies do not develop the whole knowledge
involved in the field, but only that which is
necessary to a good understanding of the specific
application. We will develop our problem solving
ontology according to this line.
There are several knowledge representation
languages for describing domain through an
ontology. Genesereth and Fikes describe KIF
(Knowledge Interchange Format), an enabling
technology that facilitates expressing domain
factual knowledge using a formalism based on
augmented predicate calculus [11]. Neches et al.
describe a knowledge-sharing initiative [12], while
Gruber has proposed a language called Ontolingua
to help construct portable ontologies [13]. The
CommonKADS project has taken a similar
approach to modeling domain knowledge [14].
These languages mainly describe knowledge of a
domain. They permit to share knowledge, but we
want more than knowledge sharing. We want to be
able to describe and use some problem solving and
resolution methods.
Our approach is based on the formal language
Def-* [15]. It belongs to the type of languages
developed to formalize and/or operationalize
conceptual models, according to methods similar to
CommonKADS. Def-* is dedicated to the
formalization of operational models. It is a high
level programming language and is more
declarative than the rules production languages
used in early expert systems. Besides, Def-* is
based on “epistemological premises”, which define
the items of knowledge the language is able to
represent, thus forming a “representation ontology”.



One of the central characteristics of Def-* is that it
makes it possible to formalize reflexive tasks.
These tasks can be assimilated to problem-solving
activities, just like diagnosis tasks.
So, we have developed an ontology of rotating
machine by using the model ontology building
method embedded in our system.

We define three types of concepts in our ontology
of rotating machines. They are the generic concept,
which concerns objects, the relation concept, which
concerns relations between concepts, and the task
concept, which concerns diagnostic processes.
Generic Concept
In Def-*, a generic concept is both a series of
objects and an entity. A definition introduced by
Def-Concept encapsulates the representation of the
concept’s intension together with the representation
of its properties. The conceptual definition situates
the concept in the taxonomy by using the
properties, which make it different from all other
concepts. A definition of the concept is also written
in natural language, for a better understanding by
the user. The natural language definition is twofold:
first, a conceptual definition translating the
properties defined by Def-*, and second a
“dictionary” type definition with a reference. It may
be completed by an example and a multimedia
illustration (picture, film, sound) of the concept.
The concepts are therefore defined as the
specialization of other concepts. The result is a tree-
shaped taxonomy (Figure 1).

Figure 1: the tree-shaped taxonomy

Relations Concept
After defining concepts, we define their relations.
These relations are especially important for the
definition of the properties of each concept.
Relations are defined by the “Def-relation”
primitive in the same ways as the Def-concept
primitive. Moreover, this construction makes it
possible to define both the relational concept and all
the couples, which are concerned by the concept.
Figure 2 presents a simple relation concept of “is
composed by”.

Figure 2:example of Def-relation syntax

Task Concept
The tasks concern the representation of control
knowledge, which is actually the representation of
diagnosis. The “Def-Task” primitive makes it
possible to represent both a goal and the resolution
method necessary to reach this goal. For example,
in Figure 3, we define the global machine
application corresponding to norm NF E90-300.

Figure 3: a example of Def-task syntax

We have implemented Def-* in the Standard
Generalized Markup Language (SGML) (Figure 4).

Figure 4: a example of SGML implementation of a
concept written in the Def-* formalism

rotor shaft fan bolt

artefact

Mechanical part

Def-relation #is composed by

is-a  [#object-relation]

Def-task #global-state-of-the-machine

Data = vibration speed
Control =and

If vibration speed = good
Then  #no problem
Else If vibration speed =

admissible



This makes it possible to embed the ontological
knowledge base in the hypertext system, while
retaining the representative power of the language.
Furthermore it permits to browse across the
ontological knowledge base for performing the
diagnosis process. Each primitive (Def-concept,
Def-relation,… ) is represented by a DTD. The
ontology is represented by a another DTD, which
includes the DTD of the different primitive. An
example is given Figure 5.

Figure 5: DTD of the Def-concept primitive

4. Example of a Vibration Diagnosis of a
Rotating Machine

The validation of our approach has been tested with
a simple rotating machine example. We consider a
rotating machine comprised of a shaft, a fan (thus
forming the rotor), and two bearings, which allow
the shaft to rotate. Although it is simple, this
rotating machine makes it possible to find
dysfunctions (i.e. vibration speeds, which are not
admissible according to the Norm NF E90-300). In
our example, we mainly deal with the global state
of the machine as it is defined in Norm NF E90-
300. Once the state is defined, if necessary, we look
for faults and their respective causes. The term
“fault” means “a cause of inadmissible vibration
speeds”, such as unbalance or misalignment.
Our hypertext tool does not provide any definitive
solution to the problem, but it purports to help the
user for diagnosing. It gives information to make
the right choice, and suggests pertinent elements,
which will allow the user to achieve a diagnosis
task, while leaning on the knowledge of the domain
as it is provided by the system.
We illustrate the following description with a
example of rotating machines.
The user informs the system about the type of
machine to analyze, for example a simple rotor with
1.5kW engine. The system can thus know which
group the machine belongs to according to Norm
NF E90-300, (group I). It can also suggest various
measurement locations where the user can put
transducers, axial and radial bearing measures.
These locations will contribute useful information
for the diagnosis.
The user collects the measures at the defined
locations and transfers them to the system.

The system then treats the data (vibratory signals)
with a MatLab® software, and thus defines the
global state of the machine, the vibration speed is
equals 5mm/s, so the state is not admissible. If the
state corresponds to a dysfunction of the rotating
machine, the system informs the user and suggests
various protocols to find the cause of faults
(unbalance, misalignment). Each protocol is
characterized by the measurement locations and the
processes performed on the associated signals. The
system thus guides the user toward a protocol using
signals, which already exist, instead of guiding the
user towards a protocol, which would make it
necessary to acquire new signals.
The user chooses the diagnosis protocol according
to the system’s advice, unbalance detection
protocol with radial bearing measure. Once the
protocol has been chosen, the system gives the
information, which is necessary to interpret the
measurement results and to locate the fault
(unbalance or misalignment), there is a harmonic of
the rotating frequency, while appears in the
spectrum, so there is an unbalance. When the fault
has been located, the user can look for its cause
(ball-bearing wear, broken blade or vane section,
etc.). The system can then suggest to look for the
cause of the faults thanks to observable signs, an
eccentric accumulation of process dirt on blade.
The table on
Figure 6 represents the correspondence between
causes of unbalance and observable signs.

Figure 6: visualization of new document

This document, as any document orienting the user,
comes from the manipulation of a SGML document
and the dynamic creation of a new SGML
document which is then translated into the HTML
in order to be visualized.



Figure 7: an example of HTML visualization

5. Conclusion and Future Work
We have presented a hypertext based system, which
makes it possible to associate different information
sources for performing a diagnostic task.
The system relies mainly on context and task
oriented navigation tools for user guidance. Its main
contribution is to facilitate the access to relevant
information for choosing the most appropriate
diagnostic method.
Further work will be to add information sources and
reasoning tools for improving the comparison
between concurrent diagnostic methods. Based on
the ontology of the diagnosis problem solving, their
main objective would be to facilitate the browsing,
by the user of the ontology, ad thus facilitating the
access to the most relevant information for
choosing among different methods.
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