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Abstract

Asset Management and maintenance is an area which is undergoing rapid
change due to new budgetary and environmental pressures and rapid
progression in the technologies applied. At the heart of this topic are the
collection, management and use of data pertaining to the condition and
maintenance of key assets. In this chapter we outline some of the tech-
nologies which have recently been developed and applied to the area of
asset management.

Introduction

Over recent years, the importance of maintenance, and therefore main-
tenance management within manufacturing organizations has grown. This
is a result of increasing pressure upon manufacturing organizations to
meet customer and corporate demands, and equipment availability and
performance is a central issue (Gerst et al 2005). Recent trends have indi-
cated that, in general, many manufacturing systems are not performing as
intended, so far as cost effectiveness in terms of their operation and sup-
port. The majority of systems often operate at less than full capacity with



low productivity and the costs of producing products are high (Muller et
al 2008). Furthermore energy efficiency has become increasingly impor-
tant with rising energy prices and growing awareness of carbon emis-
sions. This means that maintaining equipment to ensure it operates at op-
timum efficiency is now seen as a key priority for many organisations.

It is widely acknowledged that it is necessary to support maintenance
staff by supplying them with accurate and up-to-date information regard-
ing maintenance tasks and recent history. In order to do this it is impor-
tant that the necessary data is captured, stored and presented in an ap-
propriate fashion. Asset management and condition data can be captured
either manually or with sensors but this potential wealth of information
must be effectively managed if it is to be of use. One method to achieve
this is to identify and ‘label’ an asset with the correct identification using
‘smart data tags’ which can store maintenance data, cost to maintain and
recent maintenance problems. Furthermore such data tags can also be
used to provide condition based maintenance data which is vital in assist-
ing the scheduling of maintenance tasks and in assessing the performance
and suitability of maintenance procedures.

Smart tags are quickly becoming a popular method for managing assets
which could be moved and utilized at different sites, utilizing wireless tag
technologies. The method includes storing information relating to each
asset, which is then displayed to a user of the system.

The significant aspects of an integrated maintenance management sys-

tem are:

o Data gathering
o Data storage

. Data analysis

o Data presentation



These are illustrated in figure 1 below. It is our view that this relationship

is cyclic, with results and analysis informing continuous development of

the asset management and condition monitoring system. The successful

application of these techniques will result in an extended and properly

managed lifecycle for the asset in question.
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Fig. 1. Asset management data lifecycle
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As previously mentioned data gathering is crucial for both scheduling

maintenance and for assessing the performance of the maintenance re-

gime. In order to fully optimize maintenance regimes it is necessary to

collect condition data, either through manual inspection or online sen-

sors, cost data for both maintenance and repairs following failures, usage

statistics and downtime costs resulting from both maintenance and re-

pairs. Only when all the data is available can the optimal scheme be de-

termined. Furthermore energy consumption is becoming an ever more

important factor in manufacturing organizations and poorly maintained




equipment often leads to increased costs. Automatic energy monitoring
can therefore be vital in the condition monitoring process as well as in op-
timizing processes.

The advent of automated data gathering and condition monitoring has
lead to a need to manage this data efficiently. Many organizations simply
store data electronically and never use it due to the intimidating volume.
Furthermore data is often fragmented across different systems and with-
out an efficient scheme it can be difficult to integrate and link to informa-
tion on documentation, parts and their availability and personnel training.
Many software packages exist which allow data to be stored in a database
which allows efficient access to the data from many perspectives. Man-
agement staff can access high-level statistics, while personnel involved in
routine maintenance activities can access the latest data and relevant do-
cumentation.

Once the data is efficiently stored it is important that it can be efficiently
stored and accessed. The presentation of data to maintenance staff in
particular requires consideration since it is unusual for there to be a PC
terminal located in a convenient location for them to access maintenance
information. Hand-held devices such as smart-phones and Personal Digi-
tal Assistants (PDAs) are increasingly capable of storing and accessing
large amounts of data and documentation, as well as being capable of
communicating on a wireless basis with central data repositories. Fur-
thermore additional technologies such as Global Positioning (GPS) receiv-
ers are becoming increasingly common on affordable hand held devices.

At a management level it is important to present information in such a
way as to enable decision to be made easily by presenting useful high lev-
el statistics and by automatically detecting areas where improvements
are necessary through the use of intelligent algorithms and metrics. This
will allow the software to direct attention towards areas where maximum
improvement is possible.



In the following sections we will evaluate each stage of the data lifecycle
and identify appropriate technologies, as well as describing how they can
contribute to an integrated asset management system.

Tools for gathering data

Automated data collection is of crucial importance in developing main-
tenance systems. Many condition sensors are available ranging from sim-
ple temperature probes, vibration sensors, and pressure transponders to
advanced systems such as IR spectrometers for automatically measuring
the condition of lubricating oil.

In the refrigeration sector simple technologies can be applied to monitor
industrial chilling apparatus, including monitoring refrigerant pressure,
checking temperatures around the system and monitoring moving parts
such as compressors for abnormal vibration. The successful application of
these technologies can lead to additional benefits in efficiency and com-
pliance with regulations regarding refrigerant emissions (Baglee and
Knowles 2009).

In the marine environment failures can be costly and problematic if ships
become stranded due to break downs. The Posseidon project (Progressive
Oil Sensor System for Extended Identification ON-Line) addressed this by
using sophisticated sensors to monitor the condition of lubricating oil.
This provides not only a snapshot of the performance of the oil but also
provides indications of other engine faults which result in contamination
of the oil (Baglee and Knowles 2010a,b, Gorritaxetegi et al 2007, Mo-
hammadi et al 2010). The sensors developed are capable of making mea-
surements of oil properties including:

o Water content

. Soot content



. Insoluble content

. Base number

. Particulate content
o Viscosity.

The application of oil analysis is not limited to the marine environment.
Similar technology is under development for application in wind turbines,
supported by remote data links which reduce the need for personnel to
visit remote and difficult to inspect installations (Baldwin and Lund 2010)
and for use in aircraft gearboxes (Byington et al 2010) amongst others.
Other important condition monitoring technologies include vibration
analysis, acoustic emission analysis, thermography and mechanical stress
measurement. These condition-specific techniques can be supplemented
with the analysis of other general characteristics such as flow rates, tem-
peratures and pressures. Furthermore energy consumption is increasingly
finding applications as an indicator of condition.

These automated techniques can also supplement manual data collection
using devices such as PDAs and hand held data collectors. We envisage
that the increased memory capacity computational power of mobile
phones will lead to them finding application in this area.

In addition to collecting condition data, an efficient asset management
system must also manage and provide easy access to maintenance ma-
nuals and documentation and information relating to parts and materials
such as their availability, price, location and ordering details. Much of this
data is now available online in the form of electronic documentation and
online inventory and stock control systems. In order to fully realize the
potential of such systems it is crucial that such data is linked to other
maintenance systems through a single, easy to use interface which allows
the data to be accessed at the point of need.



Tools for storing data

Once condition data has been captured and other maintenance informa-
tion has been collated it is necessary to adequately store and manage this
data in a manner which makes it easily accessible and which allows the
required data to be accessed efficiently when required. Databases sys-
tems offer many advantages in the field of asset management and main-
tenance in terms of scalability, security and data accessibility. The
MIMOSA (Machinery Information Management Open Systems Alliance) is
an enterprise-level maintenance open database specification which uses
XML-based information standards for data exchange using the database
standard SQL (Structured Query Language) and XML (eXtensible Markup
Language). A MIMOSA based database system was used at the heart of
the Dynamite project for connecting all services from different mainten-
ance areas together including intelligent sensors, machine diagnostics,
prognostic and decision support.

In Figure 2, the Dynamite system architecture is shown. The active RFID
asset localization system is located on the left and the passive RFID for as-
set identification system is on the right. They are connected by a central
MIMOSA maintenance database via the internet or a local network.
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Fig. 2. Dynamite System Architecture



Although the two e-maintenance structures are located side-by-side, they
are connected to a central database which forms a key part of the archi-
tecture. This means that the two systems can work together to provide
PC-based and mobile-based services to users. In this case, companies do
not need to replace their existing systems, which is a good reason to mo-
tivate manufacturing companies to invest. This core functionality allows
significant developments to be made while building on existing systems,
reducing the required outlay.

Some applications do not warrant large scale database structures such as
those described above. Embedded maintenance management systems
such as that developed as part of the The Progressive Qil Sensor System
for Extended ldentification ON-Line (Posseidon) project (Baglee and
Knowles 2010a and b), are better suited to simpler systems for managing
the necessary information. In terms of storing the condition monitoring
limits, the messages to be passed to the operators and the sensor read-
ings which must be stored and read, XML was selected. The use of XML in
Posseidon is illustrated in figure 3.
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Fig. 3. Use of XML for data transfer in Posseidon application

The advantage of such a scheme is that these files can easily be opened
and read by the human eye since a simple XML structure was developed.
Furthermore the use of XML means the file format can be extended and
altered without rendering the data unreadable to previous versions of the
software. Furthermore an XML configuration file is used to provide the lo-
cation of various other data files and other important parameters.

Tools for presenting data

Captured and stored data is of little use unless it can be presented effi-
ciently and effectively to the appropriate user. Presenting data in a con-
venient and appropriate fashion is vital in ensuring that asset manage-
ment systems are used effectively and provide a return on their
investment. The success of data presentation systems is reliant on them
efficiently providing the correct data to the correct personnel. Manage-
ment personnel require a high level overview indicating current perfor-
mance across an appropriate reporting period while shop-floor mainten-
ance engineers require current data relating to assets which are their
responsibility.

The Dynamite project developed the use of PDA technology. PDA tech-
nology supports the transfer of data between the user and a central
maintenance database system. The role of the PDA is to provide a user-
friendly, comfortable and powerful mobile computing device for dealing
with different types of data processing and maintenance activities (Cam-
pos et al 2007). In order to manage what maintenance information should
be displayed on the screen, six types of fundamental information tem-
plates were designed for machines, parts, tools facilities, locations and
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agents. The templates are mainly used to help categorizing and standar-

dizing what information and what functions should be included. For ex-

ample, a machine should have an information interface for specifying

some basic information, an image gallery interface for displaying images,
schematics and diagrams of machinery and different functional service in-

terfaces for reporting failure of machinery, checking quantity and loca-
tions of spare parts etc.
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Fig. 4. Screenshots of Dynamite Software

A large and high resolution screen on a PDA is also beneficial since it al-
lows users to read electronic materials more comfortably. Engineers can
follow the on-screen instructions step-by-step to complete a maintenance
task. Even in poor conditions where no network connection is available,
PDAs will become more useful since a compact database can be pre-
stored inside the PDA’s internal memory or memory stick.

Increasingly mobile phone technology and capability has converged with
that of PDAs. So-called ‘smart-phones’ are available at relatively low cost
and offer the ability to run easily-written software. Furthermore they are
increasingly equipped with high level systems such as GPS receivers and
broadband connectivity. Smart-phones also feature calendar and organiz-
er systems which can be integrated with bespoke software. These fea-
tures, coupled with steadily growing memory capabilities make smart-
phones the likely replacement for PDAs as mobile maintenance manage-
ment tools, especially in applications where remote maintenance is re-
quired due to their mobile connectivity.

Presenting higher level data to management involves creating a user in-
terface suited to the needs of the user. In order to promote energy aware
maintenance procedures, it is essential that the relevant data is provided
in a convenient and easily understood fashion. Dashboard systems have
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been a well covered topic in many areas of decision support. These sys-
tems provide management personnel with only the most essential infor-
mation required for senior managers to asses. A rare example of a dash-
board system applied to energy efficiency was developed to improve the
performance of street lighting and to manage routine and reactive main-
tenance. Simple graphical displays are used to illustrate power consump-
tion, maintenance and condition monitoring data with click through
access to greater detail and analysis as required. (http://www.streetlight-
vision.com).

Optimal interface design must be based on consultation with industry ex-
perts. A user interface was developed as part of the Posseidon project. In
order to generate the most suitable design for the front end of the soft-
ware, a mock-up version was constructed as an html web-page. This al-
lowed comments and feedback sought from industry experts with expe-
rience in both on-ship engineering issues and condition monitoring of
lubricating oil. Based on this feedback a second prototype interfaces was
produced. This second version was approved by the industry experts and
formed the basis for the developed software.
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Fig. 5. Screenshot of the Posseidon Software
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Analysis of Asset Management Data

In addition to capturing, storing and displaying data, an effective asset
management scheme will perform some analysis to identify areas where
improvements are possible or necessary. Several methodologies exist to
maximize the performance of a maintenance regime based on an analysis
of the performance of the assets and the existing maintenance regime.
The primary methodologies are Total Productive Maintenance (TPM) and
Reliability Centered Maintenance (RCM), with variations being developed
to suit individual organisations. In general, there can be considerable
benefits, but these are usually demonstrated in large organisations. Un-
fortunately, the majority of organisations are constrained by certain bar-
riers, with the resulting loss of major benefits. These are usually the Small
and Medium Sized Enterprises (SMEs). Based upon an analysis of these
needs and barriers a new maintenance methodology, the Advanced Inte-
grated Maintenance Management System (AIMMS) was developed (Bag-
lee and Knowles 2010c). AIMMS succeeds through focusing on specific
maintenance tasks that will maximise gains based upon the inherent bar-
riers within SMEs. To enable implementation, monitoring and evaluation
of AIMMS, a computerized system Maintenance Management (MainMan)
was developed and implemented within several of case study companies.
The results indicate that AIMMS supports strategic maintenance decisions
and helps increase equipment effectiveness by prioritizing equipment
criticality and focusing on specific resources that will maximise gains
based upon a return on investment.

Data analysis is also important in terms of extracting meaningful informa-
tion from raw sensor data using statistical techniques. The goal of any sta-
tistical analysis is to uncover facts. This can be broken down even further

into three potential sub-goals:

1. Exploration

2. Description
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3. Confirmation

Each of these applies in some contexts to the scenario described above.
Various tools are available for data processing and analysis. The most
widely used techniques are Artificial Neural Networks, Statistical Learning
and Probabilistic Modeling.

Most fault detection systems function by studying the relationship be-
tween various sensor readings and using some form of model to detect
abnormal behaviour (Isermann 05). The majority of sensors will be sub-
ject to some noise pickup which can influence the performance of the de-
tection system and in many cases some noise filtering or denoising will be
necessary (see for example Lewin 05).

The qualities of artificial neural networks (ANNs) which lend themselves
to the target application are their ability to deal with time series data, to
form generalisations and to adapt and learn. These properties match sev-
eral of the desired objectives and particular network types suit particular
objectives. Artificial neural networks have been applied to such situations
by several authors (Hu et al 2007, Sidhu et al 1995, Benieri and D’Apuzzo
1994, Murphey et al 2006, Khomfoi and Tolbert 2007, Mohamed et al
2005, Zhang 2006, Marwala 2000).

Various statistical techniques could be applied to the sensor data. In con-
trol applications statistical models of sensor data are used to model the
unknown internal state for the purposes of achieving some goal in the
systems behaviour. Such approaches include Bayesian Networks, Hidden
Markov Models, Particle filters, Expert systems, Principal component
analysis and Kalman Filters.

Bayesian networks are seen as having considerable promise for mainten-
ance applications. Bayesian networks allow inferences to be made about
the state and condition of a system based on measurements and existing
knowledge of the statistical likelihood of faults occurring and how faults
can influence measurements. Lerner et al (2000) describes a Bayesian
network system for fault detection and apply it in a test situation involv-
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ing a dynamic system of water tanks. Furthermore a Bayesian network
was developed for the Posseidon project. Based on an analysis of the like-
ly fault modes to be found in diesel engines and the effects they have a
Bayesian system was developed. This is illustrated in figure XX. It can be
seen that probabilities are assigned to the likely failures and components
that are likely to fail.

Conclusions

Manufacturing organisations have come under increasing pressure in re-
cent years to improve efficiency and environmental performance. Failures
in key manufacturing assets must be minimised and steps need to be tak-
en to obtain maximum reliability improvement from maintenance ex-
penditure. Energy consumption has become an increasingly important
factor due to rising prices in recent years. Previous research has shown
that Energy efficiency is influenced by maintenance and usage, and run-
ning costs are influenced by energy efficiency, energy costs, maintenance
costs and downtime costs. Our hypothesis is that in order to obtain max-
imum efficiency improvements it is necessary to bring together data on
maintenance schedules and costs, energy costs and usage patterns for in-
tegrated analysis in order to detect and highlight areas where the great-
est savings are possible. Thus we expect that energy measurement will
become an increasingly important aspect of asset management and main-
tenance scheduling systems.

In this chapter we have outlined the entire data life cycle in a stage by
stage fashion. The technologies and techniques we have described are il-
lustrated in figure 6 below in relation to their role in the data lifecycle.
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Fig. 6. Asset management tools by position in data lifecycles

When designing new asset management schemes it is important to main-

tain an awareness of the entire data lifecycle to ensure the developed
system meets the requirements of all those who work with it. Wherever
possible schemes should be built on a principle of complementarity to ex-

isting schemes to prevent barriers of cost, compatibility set up

costs/problems etc becoming obstacles. For this reason it is our expecta-

tion that few schemes will be designed and implemented in their entirety.
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Instead modules will be developed for integration into existing, live sys-
tems. This makes the adoption of international standards for the transfer
and management of data across its entire lifecycle a crucial issue in the
ongoing development of effective asset management techniques.
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