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ABSTRACT

Product manuals play a more and more important role in improving customer satisfaction. Many kinds
of product manuals are developed to support the product utilization during the life of the product.
However, most of them emphasize on providing the different levels of detail and presentation format
of information for different users, while do not emphasize on personalized maintenance. Moreover, as
mechanical products become more and more complex, current methods such as Condition-Based
Maintenance method show their limits, which leads to insufficient support for the maintenance phase.
A new, dynamic and personalized maintenance document, involving proactive maintenance, is
therefore proposed in order to deliver the maintenance support for very complex or highly customised
products. In this paper we design a decision support system aiming to provide the personalized
maintenance documents and the system is capable of combining prior knowledge and past experience
of experts. Different maintenance activities are recommended for different users by taking into
account different typical Utilization Conditions of each product instance.

Keywords: Recommendation systems, personalized maintenance document, collaborative filtering,
proactive maintenance

1 INTRODUCTION

More and more manufacturers realize the importance of the product manual. Indeed a good product
manual can improve customer satisfaction and also improve the efficiency of its usage [1], [2].
Traditionally maintenance document is a paper-based manual having necessary and useful information
about maintenance activities [3]. In the paper-based manual, however, instruction of maintenance is
static and generally the time-based maintenance technique is adopted. While this technique can not
completely prevent equipment catastrophic failures and it includes performance of unneeded
maintenance. Later, more efficient maintenance approaches such as Condition-Based Maintenance
(CBM) are implemented to handle the maintenance situation. However as mechanical products
become more and more complex, it is difficult for CBM to monitor them. So, a new, dynamic and
personalized maintenance document is proposed in order to deliver the maintenance support for very
complex or highly customised products.

In this paper, a decision support system is designed to deliver personalized recommendation in the
form of e-maintenance documents for complex mechanical products. This system aims to help users to
find the most ideal maintenance document by analyzing the environment in which the complex
mechanical product is used. Different to the traditional maintenance document, a new type of the
dynamic maintenance document, involving proactive maintenance, is proposed in order to deliver the
personalized service according to the user’s Utilization Conditions. Instead of cramped maintenance
results, appropriate maintenance activities and their implementation time (when and what maintenance
activities should be carried out) are recommended directly, which can be easily understood by
inexperienced users.

The paper is organized as follows: Section 2 briefly introduces the related work about the development
of product manuals, maintenance techniques, and recommendation systems. In Section 3, the
recommendation problem of our project is described. Then, we propose the definition of Utilization
Conditions in the case of automobile based on the “factor method”. Furthermore, traditional task
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taxonomy is expanded according to effect caused by different roots. Section 4 explores the framework
of the decision making system and each module is discussed in detail separately. Finally, Section 5
draws some conclusions and directions for further research.

2 LITERATURE REVIEW

2.1 Related works

Many researchers devote themselves to developing product manuals from the Interactive Electronic
Technical Manual (IETM) to the more advanced Intelligent Product Manual (IPM). The CD-based and
stand-alone applications have been transformed into distributed web-based product support systems.
Also, hypermedia, concurrent engineering and knowledge-based approaches are used in this
development. Generally, there are two research streams: some research teams emphasize the provision
of different levels of information to different groups of users and others emphasize the supporting
maintenance work such as diagnosis, repair of failures, etc.

The typical representative of the first group is IPM, which is the interactive product support system
providing just-in-time support to the user during the life of the product. Case-Based Reasoning (CBR)
was employed in [4] for providing the different levels of detail and presentation format of information
for the different categories of users (who have different levels of expertise, qualification and
experience). R.M. Setchi [5] tries to structure the manual to ensure the provision of different levels of
information to particular groups of users and their tasks. They are also interested in knowledge
acquisition [6], data and information models [7] and product manual modeling [8].

IETM is the original prototype of the second group. Initially, IETM emerged to solve the problems
inherent in the paper-based product document such as: paper cost, weight, volume, printing and
deterioration. In order to make it more useful, especially in the maintenance phases, David W. Cooper
[9] proposed an adaptive diagnostics and personalized technical support system (ADAPTS) at the base
of IETM. The system accepts real-time inputs from Condition-Based Maintenance (CBM) systems
and then plans a course of action for diagnosing and repairing equipment failure. Nowadays, the US
Navy and Army utilize an integrated product support system for condition-based monitoring of
helicopters [10]. There are many similar systems such as the ‘Virtual Maintenance System’ [11] and
Intelligent Maintenance System (IMS) [12].

From the literature reviews described above, there are proven methodologies such IETM for designing
product support solutions for today’s manufacturing products in the level of information but they did
not focus on the maintenance level. Even though some of them integrate the Condition-Based
Maintenance system with product manuals, they just emphasize on predicting possible failures or
future states of a mechanical system. However, there is no maintenance document delivering
personalized maintenance support for very complex or highly customised products according to their
environment, circumstance or influences, etc.

2.2 Maintenance techniques

Every product has its reliability at the phase of design. However, no matter how good the product
design is, products deteriorate over time since they are operating under certain stress or loads in the
real environment, often involving randomness. In order to ensure the security of the system and to
increase productivity, maintenance has been introduced as an efficient way to assure a satisfactory
level of reliability during the useful life of a physical asset.

The earliest maintenance technique is basically breakdown maintenance (also called unplanned
maintenance, or run-to-failure maintenance), which takes place only at breakdowns. A later
maintenance technique is time-based preventive maintenance (also called planned maintenance),
which sets a periodic interval to perform preventive maintenance regardless of the health status of a
physical asset. Nowadays, Condition-Based Maintenance, as a typical approach of predictive
maintenance was used by US Navy and Army to monitor helicopters [10]. However, with the rapid
development of modern technology, products have become more and more complex while it is
difficult for CBM to monitor them. Moreover, the disadvantage of CBM is the necessity to install and
use monitoring equipment and to develop some level of modeling for complex systems having many
interactions among units [13].

A new paradigm “Proactive Maintenance” has now received a world-wide attention as a means of
achieving saving surpassed by conventional maintenance technique, the proactive maintenance
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practice is a response to a failed reactive maintenance philosophy and aims at failure root caused, not
just situational symptoms [29]. “Factor Method” is a simple and widely used approach which forecast
the service life and estimate the timing of necessary maintenance and replacement of components [28].
In this paper, a recommendation approach based on “Factor Method” is proposed to provide
personalized maintenance service.

2.3 Recommendation systems
A recommendation system is a computer-based system that uses profiles built from past usage
behavior to provide relevant recommendations [14]. It has become an important research area since
the appearance of the first papers on collaborative filtering in the mid-1990s [15], [16]. Personalized
recommendations are applied to both physical and digital/information products such as books, news,
movies, advertisements and computers.
There are several research streams in personalized recommendation. One stream aims at improving the
accuracy of algorithms used in recommendation systems [17], [18]. The second stream is focused on
the interaction between a recommendation system and its customers [19]. Furthermore, a few studies
focused on the effect of moderating factors such as user characteristics and product features on the
performance of recommendation [20].
Recommendation systems are usually classified into the following categories according to their
recommendation approach [21].
e Content-Based recommendations: The user is recommended items similar to the ones the user
preferred in the past,
e Collaborative recommendations: The user is recommended items that people with similar tastes
and preferences liked in the past,
The core of the content-based recommendation focuses on the relation between products prior to
recommending some of them to the users. Yet, collaborative filtering methods group users of a
community based on the similarity of their profiles. Through community members’ hobbies, behaviors,
or browsing paths, target customers of a particular community are recommended based on these
groups.
The term of recommender systems now has a broader connotation, describing any system that
produces individualized recommendations as output or has the effect of guiding the user in a
personalized way to interesting or useful objects in a large space of possible options. In our work,
proactive maintenance is adopted as the basic paradigm, so all the root causes of the mechanical
product are taken into consideration. Maintenance documents are recommended by comparing the
similarity of these root causes under the assumption that the similar maintenance activities should be
carried out for the product, when they have the similar root causes. Mechanical products are grouped
by their root causes, so the collaborative recommendation method is more appropriate for our problem
solving.

3 RECOMMENDATION APPROACH

3.1 Description of recommendation problem

As mentioned above, our subject is to recommend electronic maintenance documents according to
different environments. So, the recommendation problem in our subject can be described as follows:
Let E be the set of all environments and let D be the set of all possible electronic documents that can
be recommended. Let U be a utility function that measures the usefulness of document D to
environment E, e.g., if u(d,) > u(d,), then the user strictly prefers d, to d, in this condition [27].

Each element of the Environment space E can be defined with a profile that includes various
environment characteristics. Profile extraction is a very important issue and it can affect the
recommendation result, which will be presented in detail in Section 3.2. Similarly, each element of the
document space D is defined with a set of characteristics. More simply, for example, every electronic
document has its ID.

In recommendation systems, the utility of the electronic document is usually represented by a rating,
which indicates how a particular environment prefers a particular document. An existing product has
been operated previously in certain situations and corresponding maintenance tasks have been
implemented. This kind of relationship can be represented as a pair (e, d) which can be called a
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“sample” or “case” and it is saved in the case base to later use. In fact, the essential of our work,
simply saying, is to find the most similar case or cases, and then related documents are recommended
according to their rating. If there is not enough similarity, another recommendation method is chosen
with the help of experts. So, it is important to understand the relationship between root causes and the
implementation time of maintenance activities. For example, which kind of maintenance activities can
be affected by temperature; the implementation time will be ahead of schedule or put off; etc. In order
to find out the relationship between them, maintenance task are classified in accordance with the way
of effect caused by different roots (see Section 3.3). In this research, the term “environment” is
characterized by “Utilization Conditions”. The terms “product”, “mechanical system”, “machine” are
used interchangeably.

3.2 Definition of Utilization Conditions

One of the key issues in recommending is the problem of constructing accurate and comprehensive
profiles for collecting the characteristics of an environment. These profiles should provide the most
relevant information describing who the consumers are and how they behave. In our project, the
profiles should include the specification of the complex mechanical product (what the product is), who
uses it, how to use it, and under what kind of conditions it is used, etc.

Here, instead of considering all the root causes during the life cycle of a product (loading, design,
material selection, manufacturing, system utilization, and machine maintenance), just three aspects are
taken into account under the assumption that for the same type of mechanical product they have the
same reliability.

After interviews with domain experts and based on the previous cases, three aspects are considered to
be the most important profiles in the case of automobiles and they are abstracted as follows:

- Environmental profile (Temperature, humidity, dust, etc.),

- Product usage profile (condition of road, movement terrain, loading, usage frequency, etc.),

- User profile (profession, driving experience, maintenance experience, maintenance frequency, etc.).
We call these three influence factors Utilization Conditions (UCs). These factors are taken into
consideration because we are inclined to think that it is these factors that have an influence on the
reliability of the machine and that also make the maintenance of the machine more diverse.

3.3 Maintenance task module

Once the relationship between root causes and the implementation time of maintenance activities has
been understood, the change of the implementation time (delay, advance or remain unchanged) of the
necessary maintenance tasks can be estimated based on it. In our work, maintenance tasks are firstly
divided into smallest data modules [30] from level 1 to level 5, then the traditional task taxonomy is
expended to level 6 and these tasks are classified according to effect caused by different roots.
Detailed description of the maintenance task taxonomy can be found in the author’s paper [31].

Maintenance Tasks

Examinations, Fault repots Repairs and
tests and Servicing and isolation locally make F-Level 1
checks procedures procedures

Level 2

Level 3

1. Affected by 2. Affected by 3. Affected by
E. Profile P. Profile U. Profile

Figure 1. Maintenance tasks taxonomy
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The maintenance/servicing tasks taxonomy is depicted as in figure 1. There are a total of seven levels
in the topology: level 0 to level 6. Level 0 is the root note of the whole structure. Level 1 shows
classification of the task taxonomy. Each classification contains a few tasks implemented by the users.
All kinds of task are located in level 2. Furthermore, these tasks can be detailed and classified
according to expendables and objects separately in level 3 and level 4. The next level is composed of
Data Modules from which we can clearly get to know the skill level needed and the estimated time for
implementing this task, identify if it is a scheduled maintenance task or not and so on. All of this
semantic information can be found in level 5. In order to classify these tasks according to effect caused
by different roots, we have expanded the traditional task taxonomy to level 6.

To simplify the figure, here just one profile is considered as the most important one and other factors
are ignored temporarily. Although maintenance tasks are classified into different groups, the real-
world application is so complex that the help of experts is needed to make the estimation. Their prior
knowledge and past experience can be embedded through the interactive interface and this will be
presented in Section 4.3.

4 FRAMEWORK OF DECISION MAKING SYSTEM

As indicated, no matter how good the reliability is designed, the products deteriorate over time often
involving randomness as its reliability is different when it is used in different environments. To
prevent its failure, expert knowledge and historical information are required to help an operator to
make the right decision. Therefore, a more appropriate way of providing recommendation services is
to create an interactive environment in which an operator can describe to the recommendation system
their typical Utilization Conditions, and the system can use the knowledge from the previous operators
together with built-in domain knowledge to find the ideal maintenance document for the operator. This
is similar to the scenario that an operator really communicates with the human expert who can
normally provide certain knowledge for reliability of the mechanical products and the experiences in
this domain, and asks for suggestions in making a decision. To provide such services, this section
describes how we design and implement a system that exploits expert knowledge and information of
Utilization Conditions for e-maintenance document recommendations.

Operator/domain expert

- Domain
o| Interface Module » Knowledge
Profiles
I 1!
UCs-Matching |e Decision-Making [« Knowledge
Module &> Module g Module
A 7 N

7 3

Figure 2. The system framework for the hybrid recommendations

4.1 System framework

In this work a module-based methodology is adopted in which each module performs a specific task
and different modules work simultaneously to achieve the overall task. The overall goal here is to
analyze the environment in which the complex mechanical product is used and to find the most ideal
maintenance activities for the product. To achieve the above goal, our system mainly includes four
modules:

1. Interface Module for interacting with technicians or operators of the product and human experts,

2. Knowledge Module for transferring external expert knowledge for internal use,

3. UCs-Matching Module for retrieving the most similar case or cases and
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4. Decision-Making Module for recommending the most ideal maintenance document.

The overall system architecture is illustrated in Figure 2 and described below. First, characteristics of
the environment are collected from the operator through a list of qualitative questions using the
appropriate module of Utilization Conditions. Then, the list of qualitative features of Utilization
Condition is transformed into a point in three-dimensional space in order to measure the similarity
among environments. Next, a current sample is assigned to an existing or a new group by UCs-
Matching Module. After that, two different recommendation methods are used by Decision-Making
Module to deliver the personalized maintenance documents according to the user’s UCs. When the
current sample belongs to a new group, the intervention of domain experts are needed to deal with the
new pattern through Knowledge Module. Finally, recommended maintenance activities are exhibited
to users in the form of the e-maintenance document.

4.2 Interface Module: Interacting with users

In order to capture and analyze the Utilization Conditions of the mechanical product, the interface
module in Figure 2 presents operators with some specifically designed questions about the UCs of the
product. It is presumed that the operators do not have enough domain knowledge to answer
quantitative questions regarding the Utilization Conditions of the product; therefore the system asks
some qualitative ones instead.

Figure 3 shows the environment in which the interface module interacts with the users. A user is asked
to express his/her Utilization Conditions (from 1 to 10) on some qualitative features about the
automobile. As can be seen in this figure, some descriptions are also provided to assist the user in
indicating his/her Utilization Conditions. For example, it is different for users to identify the exact
temperature of the environment, but he/she can tell his/her feeling about it such as “hot”, “cold” or
“freezing”. After gathering the consumer’s qualitative results, the interface module can then deliver
them to the decision-making module which is capable of conducting a mapping between a list of
qualitative features and a point in three-dimensional space with the help of expert knowledge. The
details about the mapping are described in section 4.5.

Qualitative feature

Min Max Suggestion:
Temperature v value for each attribute™= A
Hurmidity W — - — 1{weny low, wery dry.etc) ta 10{very
high, wery hurnidity, etc)
Dust v |
Hreference™
Condition of road v ] —

Temperature
T(wery low) to 10 (wery high)

<]

Movement terrain

Loading i~ —_—
Hurmidity:
Usage frequency v ~ 1 fwery dry] to 10 (very hurmidit,)
Drriving experience —_—e
e v Dust:

g 1 fwery clean) o 10 (marny dust
Maintenance experience o fvery ) {many dust)
Maintenance frequency Condition of mad: v

v ——

Hakit of driving 3 — Previous Mext

Feset Confirm

Figure 3. The questionnaire presented by the interface module

4.3 Knowledge Module: Knowledge acquisition

In this section we show how the expertise is elicited and used in a real-world application. To extract
the UCs knowledge of the mechanical product, the interface module communicates with human
experts through the interactive interface, by which the experts can embed their personal knowledge in
the system. Under the circumstances designed below, the system can collect opinions from experts to
give more objective suggestions [22], [23].

In order to measure the similarity among environments, the list of qualitative features has to be
transferred into a point then distances among these points are calculated. An expert should firstly
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choose the appropriate module of Utilization Conditions according to different mechanical products.
After that, the expert can further define the attribute values for qualitative features collected from the
operators. In the multi-attribute decision-making methodology, the importance of attribute is highly-
dependent on the application context. So, the expert should define a relative strength (performance
value) to indicate the relative importance of this attribute according to the application context. Then,
the current user is assigned to a group in which points (samples) have similar characteristics or similar
patterns, so results of other points in the group can be recommended by rating. While, when the
current user is assigned to a new group (that means there is no similar result that can be recommended),
expert’s experience and professional knowledge should be needed to deal with the new pattern as there
are very complex relationships between root causes and the change of the implementation time of the
necessary maintenance tasks.

Figure 4 is the environment for an expert to choose the affected maintenance activities and adjust the
implementation time of them. Activities are classed into seven groups according to effect caused by
Utilization Conditions in the case of automobile. In the left figure, an expert analyzes which activity’s
timing is needed to be modified in comparison with the standard case, and then press the ‘confirm’
button to choose them. After that, the expert can further use the right-hand side interface in Figure 4 to
adjust the implementation time of the chosen activity or activities. In this environment, when an expert
chooses an affected task (e.g. ‘A22’) and press the ‘Check the task’ button, the related information (e.g.
required condition, required person, and procedures, the skill level needed and the estimated time, etc.)
for implementing this task are shown as illustrated in the 5™ level of Figure 1. The expert can select
one affected task and move the bar in the middle to adjust the implementation time of this task. The
expert can then press the ‘Add’ button to put off the implementation of this task. The lower part of this
interface shows the list of UCs and the weights defined by an expert. As is mentioned, different
experts may have their own settings and here the average is used to define each performance value.

v &ffected by E. Profile [ Affected by P. Profile
AT - A3 A
A1
A13 414
15 17 Affected maintenance aclivities
413 A2 A0 A2 410: Feplacement of engine ail and oil filter ~
A ‘eplacement of air filter
. . lacement of brake fluid # clutch fluid
[ Affected by L. Profile v Affected by E. . F. Profiles 430; Check the brake drum and friction inings
4,33 Check tire condition and inflation pressure
i]‘ ~ A - 445 Lubricating locks, hinges and engine hatch latch lock -
s A6
49 418
21 ¢ E— |
[v Affected by E. , L. Profiles [ Affected by P, L. Profiles
Add | Reduce | Clear
A2 ” A8 A
A27 425 o ) .
AI6 Utiization Conditions Wwieight
A3Z Temperature ~ |3 ~
435 w A3d hd Hurnidity 3
Diuast b
Condtion of road 7
[v Affected by E. P. U. Prafiles Movemert berrain g
Loading - |9 -

Previous | Mext |

Fleset | Conf.m—)—}

Figure 4. The interface for an expert to choose the affected activities and adjust the timing of them

Check the task Canfirm

4.4 UCs-Matching Module

4.4.1 Similarity calculation

Collaborative recommender systems aim to find out the e-document needed for certain Utilization
Conditions. Under certain conditions, some maintenances activities should be carried out to prevent
function failures. As observed, the key issue in developing recommendations of this kind lies in the
estimation of the similarity among UCs.
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As this work employs a multi-attribute decision-making approach, derived from the TOPSIS
(Technique for Order Preference by Similarity to Ideal Solution [24], [25], [26]), in order to measure
the similarity among environments, the above profiles could be further characterized as a vector as
presented in formula (1). It should be noted that the module of different mechanical products could be
different; i.e. the attributes in the product usage profile, such as “condition of road”, “movement
terrain” are relevant for the automobile, while neither for the air vehicle nor for the sea vehicle.

Z =(f*(At5), f " (Auy), £ (Aut})) )

Where f“is the function that combines the attributes of environmental profiles, f7is the function
that combines the attributes of product usage profiles, ™ is the function that combines the attributes

of user profiles. The idea of the function [ is to aggregate the attributes of environmental profiles in
order to obtain a general evaluation of the environmental effect on the given mechanical product. We
have implemented these functions as a weighted arithmetic average (WA) where each attribute has a
weight assigned.

The integration involves a many-to-many mapping in which the different conditions, circumstances,
influences, stresses and combinations affecting the reliability of the mechanical product are considered.
Normalization is also performed here before combining values from different dimensions.

As a result, each Utilization Condition is converted from a list of quantitative features into a point in
three-dimensional space. Similarity between two UCs can be measured by calculate the distance
between these two points. The next step is to find the most similar case or cases.

4.4.2 Retrieve the most similar case or cases

Instead of retrieving the most similar cases directly, clustering method [32] is employed in order to
accelerate the retrieval process and produce more accurate results. In most conditions, many
environments can be seen as being in the same group as the effect of UCs on the reliability of the
mechanical product is nearly the same. For example, the maintenance actions are nearly the same for
an automobile when it is operated at 20°C+5"C. Typical environments are defined as the center of each
group by the expert with the help of historical and experimental data.

We assume that there are K groups in the sample base and the center of each group is

Z,,Z,,..Z, respectively. The threshold T has been predefined by experts, that is to say, the range of
D, ,..D

oDy, are calculated and

the group is prescribed by T. For the current sample Zq, distances qu,

there is a ranking based on them. If the smallest distance D, is less than or equal to T, then Z_ is
assigned to the group C, which has the smallest distance; and the center of the group will be
recalculated. Otherwise, Z, will be the center of the new group C; ;.

Up to now, all samples are classified into different groups and have their most similar case or cases.
But how to reuse these cases and recommender the most appropriate e-maintenance document remain
huge problems which will be described later.

4.5 Decision-Making Module (case reuse and recommendation)
From the above results can be seen that there are two conditions for current sample Zq : 1. it belongs to

an existing group C, ; 2. it will be the center of a new group. For the first condition, maintenance

activities of other samples in the group C,can be recommended as they belong to the same group

having a small enough range of T which is defined by experts. So, maintenance activities can make a
ranking based on their appearance possibilities. Then, what seems “the most ideal result” can be
recommended to the operator.

While for the second condition, the current sample belongs to a new group so it is difficult to
recommend by existing samples but the intervention of domain experts are needed. After the most
similarity case or cases are found, the differences among the past and the current case can then be
observed. Then, they can analyze which can be used directly and which should be modified based on
the task taxonomy and the effect of UCs on implementation time of tasks. Furthermore, appropriate
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improvements are carried out under the help of expert’s experience and knowledge (Which has been
introduced in Section 4.3).

Once the similarity of two Utilization Conditions is measured by the method discussed above, during
the user—system interaction, the UCs-matching method can find the most similar cases recorded in the
database for the current user. In this way, a user can share experiences from previous operators and
hopefully can find the appropriate one in an earlier stage. The number of iterations of user—system
interactions can thus be reduced, and the system can work even more efficiently.

Figure 5 shows the expected result of expending a navigation tree when a servicing task such as
lubricate the engine with oil is recommended. The personalized information will be presented through
two levels: the task recommending level which has been discussed above and the content level which
includes the information needed for implementing these tasks. For the first level, relevant tasks are
recommended according to the utilization conditions. For the second level, user experiences, interests,

skill levels and so on should be considered to propose the personalized maintenance information.
@ PERSONALIZED TECHNIAL MANAUALS

B4 Maintenance tasks @ CONTENT
B ) Servicing [ €5 Description of how it is made
B+ € Lubrication B € Preliminary requirement
B+ b With oil [ € Required conditions
B+ € Engine B+ € Required person
? Content —— 9 Category
- & Gear ? Skl level
[ € With grease ;  Trade code
& Dr 0 Estimated time
Fill
B O € Support equipment
B € Cleam
[l-+-4p  Consumables, materials and expendables
M-~ € Examinations, tests and checks B Spares
[~ € Fault repots and isolation procedures B @ Safety conditons
[~ € Repairs and locally make pm«:eduresD & Proced
rocedure
Ei d bjec
-~ € Engincerng design subect H- € Requirement after job completion

Figure 5. An example of the navigation tree

5 CONCLUSION

In this paper, we have indicated that the importance of product manuals are recognized by more and
more manufacturers and that it can not only improve the customers’ satisfaction but also improve the
usage efficiency of the information about the mechanical product. However, there is no maintenance
document delivering personalized maintenance support for very complex products. Moreover,
maintenance techniques adopted by most of the existing maintenance document showed their
disadvantages. So we suggest a recommendation system in order to provide the personalized service
based on proactive maintenance that is a promising way of overcoming these disadvantages. In this
work, we present a decision support system to recommend e-maintenance documents so that many
maintenance actions should be carried out to prevent the product failure. Based on a “factor method”,
all the factors which affect the product are taken into consideration in the case of automobile which
are called Utilization Conditions. To collect the knowledge and experience in this domain, our work
includes specifically designed interfaces to allow domain experts to easily embed their prior
knowledge and past experience in the system. In order to accelerate the retrieval process and achieve
more accurate recommendations, the system concentrates on clustering the samples into groups and
the center of the group is predefined by the expert as a typical environment. Also, maintenance tasks
are classified into many groups according to effect of UCs on mechanical products to help experts deal
with the new pattern and recommend the right maintenance document.

There are several problems we need to investigate further. These issues include: the machine learning
technique such as the inductive approach should be employed to case indexing in order to speed up
retrieval; the semantic network will be built for the case memory based on ontology; and how to
combine this system in the exited product support system is still a huge problem to work on.
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