
Maintenance Management tools within a 
Service Oriented Architecture:  Proposal 

for practical implementation  

Luca Fumagalli*, Giacomo Tavola*, Marco Macchi*, 
Marco Garetti*, Maria Holgado Granados*, Roberto 
Checcozzo**, Fulvio Rusinà**, Antonio Lionetto***, 

Nunzio Abbate*** 

*Department of Management, Economics and Industrial Engineering, Politecnico di Milano, P.zza Leonardo Da 
Vinci 32, 20133 Milano, Italy (email: luca1.fumagalli@polimi.it,  giacomo.tavola@polimi.it; 

marco.macchi@polimi.it, marco.garetti@polimi.it, maria.holgado@polimi.it) 

**COMAU SpA, Via Rivalta, 30, 10095 Grugliasco, Italy (email: roberto.checcozzo@comau.com, fulvio.rusina@comau.com) 

***ST Microelectronics, St.le Primosole, 50, 95121 Catania, Italy (email: nunzio.abbate@st.com, antonio.lionetto@st.com) 

Abstract: This paper aims at presenting maintenance management tools that can be integrated into a Service 
Oriented Architecture, namely the architecture proposed by the eSonia project (an European funded project, 
in the scope of the Artemis program). The project has started to develop an advanced IT architecture for 
supporting the asset-aware and self-recovery plant concept and it aims at finally implementing the proposed 
architecture in real industrial cases. Methodologies and technologies adopted to this end are: i) distributed, 
multi-level generation of maintenance intelligence, ii) distributed capture and analysis of sensor data, iii) 
sensor fusion approach, iv) middleware implementing the service oriented approach, v) IPv6-based 
embedded devices with on-board specialized services. The information collected by this architecture will be 
elaborated and visualized allowing the following potentialities: i) efficient automatic maintenance schedules, ii) 
improved operator dispatch and repair performance, iii) efficient runtime planning of product/supplies 
routes (for continuous track & trace systems), automatic triggering of re-sequencing and line-balancing 
processes in response to unscheduled maintenance actions or equipments failure. The expected results of the 
entire eSONIA project includes: 1) a set of processes running on embedded devices and offered to the 
outside world as web services to support malfunction advisory generation, (asset) health assessment and 
maintenance scheduling, 2) a service management system for enhanced manufacturing control, 3) an in-plant 
(indoor & outdoor) geo-location system for real-time Asset Management, 4) tools for the 3D visualization of 
operations at the factory floor, 5) reference models, tools and architecture for SOA (Services Oriented 
Architecture) implementation in the factory environment.  

The present paper is intended to the illustration of the general concept of the project architecture, focusing 
on the specific maintenance management tools and illustrating the Comau test case where maintenance 
management tools will be tested. 
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1. Introduction 

In Europe, manufacturing represents approximately 22% 
of GDP and the direct cost of maintenance is equivalent 
to 4% to 8% of the total sales turnover (Naijar 2004). 
Depending on the industry, maintenance costs can 
represent between 15% (food-related industries) and 60% 
(iron and steel, pulp and paper and other heavy industries) 
of production cost (Mobley 2002). 

In order to reduce the expenses for maintenance, new 
technologies can provide proper capability to support the 
decision making process, through proper monitoring of 
the factory to manage maintenance, production and 
logistic issues. Service oriented architecture (SOA) is a 
solution that is nowadays analysed by many researchers 

and that promise an interesting solution for the issues 
related with control of the plant.  

Some European funded projects related with SOA and 
the issues related to monitoring of plant condition are 
herein mentioned. SOCRADES (Cannata et al. 2008, 
www.socrades.eu) and SODA (www.soda-itea.org) mainly 
focused on SOA and wireless based communication 
infrastructures for intelligent embedded systems. CESAR 
(www.cesarproject.eu) is focused on integrating safety 
certification and productivity technologies under “Safety 
Product Lines” approach and develop Cost-efficient 
methods and processes for safety relevant embedded 
systems. EMMON (www.artemis-emmon.eu) targets the 
realization of large scale monitoring of huge geographical 
areas in real time, using wireless sensor devices, in specific 
scenarios (water pipelines, urban quality of life, forest and 



marine environments, civil protection). PROTEUS 
(Bangemann et al. 2006) has provided a technology for a 
platform for e-maintenance, which provides means for the 
interaction between tools performing collaborative 
maintenance tasks. Industrial communication network for 
local and wide area connection between the parts of the 
automation functions is the target of this project. 
DYNAMITE (http://dynamite.vtt.fi) emphasized on 
predictive maintenance, supporting the concept of e-
maintenance (Muller et al., 2008). 

Indeed, the present paper presents a part of a research 
developed in the scope of an European funded project on 
this topic, named eSonia, that aims at further developing 
the above mentioned issues targeting practical 
implementation issues. Specific objective of the eSonia 
project is to overcome the traditional monitoring activity. 
Within the project view, traditional monitoring and data 
gathering techniques will be extended with the ability to 
elaborate raw data and offer high value information as 
web services at various levels. This will allow to 
progressively avoid the use of large centralized systems 
collecting data where processing is concentrated. Also 
(Web) Services for embedded devices will allow re-
configurability and the interoperation of the monitoring 
devices.  

For what concern plant monitoring, the information will 
be displayed graphically so that personnel can understand 
it in a better way. The main idea is to ground the project 
on sensors that can produce relevant Key Performance 
Indicators (KPI). These indicators will then be used for 
decision making supporting. The possible advantages can 
be understood by considering for example that the 
application of statistical analysis to make data-based 
decisions has been shown to result in 40-60% productivity 
improvements in real case studies (MESA). 

This document is structured in the following way: 
paragraph 2 details the benefits for the overall approach 
proposed by eSonia project and presents the proposal for 
an heterogeneous implementation of the mentioned 
technologies, allowing to integrate new solutions with 
existing ones. Paragraph 3 highlights the maintenance 
management module, that is included in the proposed 
architecture. Paragraph 4 explains how a demonstrator 
will be deployed for the implementation of the research 
outcomes, showing the role of the maintenance 
management functions. Eventually paragraph 5 provides 
the conclusions and the envision of future challenges in 
this field of research.   

2. Benefits of the eSonia architecture 

The use of Service-oriented Architecture and Web 
Services at device level is an interesting approach for 
factory automation because it allows to make incremental 
deployments of the technology, as opposed to making big 
investments to deploy an entire factory automation 
system. New automation solutions could also work in 
parallel to existing installations, so avoiding deleting 
existing operations. New applications SOA and Web 
Services are the new programming paradigm heavily 
endorsed by Sun Java and Microsoft .NET (Microsoft’s 

main technology) that will act as basis of the future 
development of IT solution.  

As full implementation from zero is uncommon in 
industrial environment for what concern solutions related 
to the shop floor, the envisioned implementation scheme 
is heterogeneous (Figure 1), enabling an incremental 
adoption of the features that will be developed in the 
eSonia project. 

 

Figure 1 eSONIA heterogeneous implementation scheme 

Following this architectural principle, “Applications” (e.g. 
existing features) and “Traditional devices” (e.g. existing 
control or monitoring components), can be integrated by 
ad-hoc gateway services (see number 4 in the circle), 
enabling the co-existence of a Web Service environment 
and “Old World” traditional (e.g. PLC/CNC, cabled) 
environments. This approach will allow smooth and 
incremental adoption of SOA in existing environments. 
Application Tools (see number 2 in the circles and User & 
Business Applications  (see number 3 in the circles) are 
services running on computer servers that utilize one or 
more Embedded Solutions (services encapsulated in  
Embedded Devices). On top a single Embedded Device, 
many Embedded Solutions  (see number 1 in the circles) 
can run to provide various functions. Embedded 
Solutions on a specific device can interact with other 
Embedded Solutions on other devices, implementing a 
low level/distributed control capability. IPv6 
implementation (envisioned to be adopted for eSonia 
project) provides also the possibility to directly address, 
virtually, an infinite number of devices for a fully 
connected, real time monitoring and control environment. 

The resulting architecture will be flexible, reliable and 
scalable and tailored for monitoring and control in 
industrial environments.  

3. Maintenance Management Module 

Maintenance Management tools in the scope of the 
proposed architecture are mainly related with condition 
based maintenance (CBM). The main idea of CBM is to 
use the information on asset health retrieved from on-line 
sensing techniques (e.g. embedded sensors) to minimize 
the system downtime and the risk of failure. As explained 
by Lee et al. (2004) a CBM program consists of three key 



steps: data acquisition, data processing, maintenance 
decision making. In decision making, analysed data are 
used to decide upon which maintenance actions to take. 
This last step is generally represented by decision support 
systems. In the proposed architecture, data acquisition and 
data processing are demanded to embedded devices that 
have process capabilities thanks to embedded solutions 
that can work in order to process the data in a distributed 
way. The main aim of the proposed architecture is, in fact, 
to get information from devices distributed on the shop-
floor. Indeed, the devices carry out the first step of data 
acquisition, while the embedded solutions carry out the 
second step of data processing. Information are then 
transmitted to the higher level of the architecture 
represented by “application solutions” or “user & 
business applications” (see Figure 1). The interaction 
between embedded solutions and e.g. application tools are 
based on the capability of the service oriented 
architecture. On the other hand, the integration of the 
different solutions and tools is guaranteed by the 
definition of KPIs on which eSonia architecture grounds. 
The proposed architecture, in fact, aims at providing 
indicators about different processes, thus providing real 
time information about the production system 
(production, maintenance and logistics information) 
through KPIs. 

These indicators can be used within the architecture as 
basis for other application tools. For instance, tools for 
decision making can  start from indicators defined at 
embedded solutions level for elaborating useful 
intervention or recovery strategies. 

As for the CBM decision-making, efficient maintenance 
policies can be recommended, based on the generation of 
alerts of failures and the assessment of the equipment 
health status. . Different kinds of tools can be developed 
at this level, with different degree of complexity. It is 
worth mentioning that health assessment is usually done 
manually, with the support of auxiliary tools (Jardine et al, 
2006); anyway, automatic health assessment/diagnostics 
systems are available, mostly of them exploiting artificial 
intelligence and neural networks. In the scope of this 
research the intent is not to deploy such kind of tools nor 
focusing on the details of the development of the related 
algorithms. Instead, the aim is to focus on proper 
application tools that can be integrated in the proposed 
eSonia architecture, grounding on the previous mentioned 
use of KPIs.  

To this end, herein a proposal for a maintenance 
management module is discussed. The module is 
composed by different “user and business applications” 
and “application tools”  (see Figure 1 to see its positioning 
in the reference architecture). These are based on 
functions that can be utilized by a user in charge of plant 
maintenance. 

The first function is represented by the malfunction advisory 
generator. It triggers alarms when the value of a parameter 
overcomes a defined threshold and lists the related 
advisories. Each advisory is provided with certain 
information and KPIs. The objective of the application 
tool related to this function is to show advisories about 

maintenance problems (i.e. machine malfunctions) and 
provide related information and KPIs. Through this 
function, the user should be able to easily get information 
about maintenance issues related to each 
machine/equipment or section of the plant at the right 
time; proper advisories are generated to this end, 
providing the user with the main information to 
understand the problem that is occurring. Operationally, 
the function can be utilized through the following steps: 

- the user configures the malfunction advisories; the 
user should choose the thresholds of the KPIs to 
trigger advisories about maintenance problems on a 
machine/equipment or section of the plant; 

- the system generates malfunction advisories 
according to the set thresholds; 

- the user can select a machine/equipment or plant 
section and list all the recent and past advisories. 

Once this function is implemented in the application tool 
and thus in the eSonia architecture, malfunctions 
advisories are managed automatically and the system can 
generate the advisories, ready to be consulted by the user. 

The second function of the eSonia maintenance 
management modules is represented by health state reporting. 
For each machine/equipment or section of the plant, 
monitored by the system, the proper KPIs about health 
state are reported in predefined tables. The objective of 
the application related to this function is to show the 
health state report of a selected machine/equipment or 
section of the plant. This tool presents to the user the 
health state reports, helpful to then take a maintenance 
decision (e.g. about possible preventive maintenance 
actions). Operationally, the tool can be utilized through 
the following steps: 

- the user defines the information/KPIs to be showed 
in the health state report for each 
machine/equipment or section of the plant; 

- the user can consult the pre-defined health state 
reporting of a selected machine or equipment or 
section of the plant. 

Once this function is implemented in the eSonia 
architecture, health state reports are generated and can be 
consulted to take decision on possible future maintenance 
actions, considering real time health state of the 
machine/equipment or section of the plant. 

The third function of the eSonia maintenance 
management modules herein presented is related to the 
maintenance support system. This function provides 
information to support the maintenance manager in a way 
that allows the interaction with existing information 
systems. This functionality shows to the user information 
coming from the machine, e.g. health status, malfunction 
advisories generated, together with information about the 
maintenance schedule, conveyed by another application 
tool of the eSonia architecture that can act as a gateway 
with the CMMS (computerized maintenance management 
system) of the company. More precisely, once checked by 
the user, the information on KPIs and health state are 



transmitted to the CMMS of the company where they can 
support scheduling of maintenance and re-routed back 
when necessary. To sum up, the objective of this function 
is to provide information to support maintenance 
management. It is worth underling that the maintenance 
schedule is generally stored into a CMMS; hence such 
information is displayed to the user and after her/his 
assessment it is conveyed to the CMMS to allow 
scheduling of maintenance actions. The link with CMMS 
will be enabled by a gateway function part of the entire 
eSonia architecture. Operationally, the tool can be utilized 
through the following steps: 

- the application tool conveys information from 
CMMS, about maintenance schedule of 
machine/equipment or section of the plant; 

- the tool displays together information about 
upcoming maintenance activities and health state of 
the machines/equipment or section of the plant and 
(if any) related advisories; 

- the user can decide to send information about health 
state of the machine to the CMMS, in order to record 
the information and allow scheduling of maintenance 
activities that consider the updated (near real-time) 
health state of the machine/equipment or section of 
the plant and the related malfunctions advisories. 

Once this tool is implemented in the proposed overall 
architecture, information about health state, malfunction 
advisories is available and can be compared with the actual 
maintenance schedule. The user can thus decide to route 
some of this information to the CMMS, in order to 
support the effective maintenance scheduling (or re-
scheduling). This decision support system works in strict 
relation with the CMMS. This allows to avoid duplication 
of functions within the information systems used by a 
company. The tool works to complete the data available in 
the maintenance information system, with the ones 
available from the CBM system of the eSonia architecture. 

4. Application domain: Automotive manufacturing by 
COMAU/CRF  

Different use cases will be addressed by the eSonia project 
and different applications will be analysed (see Macchi et 
al. 2011, for further information). Herein the test case 
related with the Automotive manufacturing application 
domain is described. The case will implement the 
prototype of a flexible system for assembly of automotive 
engines or body components (see figure 2 and 3). The 
case will be developed within Comau premises at 
Grugliasco (Italy). The pilot will be developed in the 
scope of the eSonia project, with the collaboration of the 
project consortium. The pilot will take into account 
signals analysis and remote diagnostics; access to machine 
functionality from web browser; internet remote access, 
wireless ready; ICT and monitoring systems; solutions for 
monitoring the state of the equipment, based on 
embedded sensors measuring different variable, allowing 
condition-based maintenance functions. 

The demonstrator will be a pilot line composed by 2-3 
autonomous stations for assembly. The implementation of 
the proposed architecture will be mainly related to test the 
maintenance management functions. Smart sensors (based 
on STMicroelectronics embedded systems technology)1 
for self-detection of equipment malfunction will be 
included in the architecture, to allow data processing at 
distributed level on the shop-floor (e.g. for measuring 
energy absorption, vibrations, temperature). 

 

Figure 2 Industrial segment of the test case: Automotive 
Manufacturing 

The problems of interest for the case are related with the 
current limited interoperability and scalability of systems 
and the low process monitoring capability. Furthermore 
new ICT services have been generally proven to be 
difficult to integrate in such production systems. 

 

Figure 3 Industrial segment of the test case: Automotive 
Manufacturing 

Within the application domain, services will be tested 
mainly for: i) elaborating signals from sensors embedded 
into the device, ii) tracking history of alarms, iii) evaluate 
the health of workstations, iv) generating malfunction 
advisory, v) controlling power consumption. 

Following the mixed architecture scheme (showed in 
Figure 1), the possibility to use both devices based on 
web-services and traditional ones will be exploited. Below 
(Figure 4), the overall scheme of how the different layers 
of the proposed architecture will work in the test case is 
depicted. 

                                                           
1 The STMicroelectronics iNemo board, integrating five ST sensors: a 2- 
axis roll-and-pitch gyroscope, a 1-axis yaw gyroscope, a 6-axis 
geomagnetic module, a pressure sensor and a temperature sensor, is one 
of the solution considered for the Comau test case. 
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Figure 4 proposed architecture in the test case (Note: like 
in Figure 1, services of different nature are represented by 

differently colored circles) 

The objective of the test case is not to develop new 
diagnostic algorithms, but to implement the existing and 
proper ones as (web) services. Some of the modules 
indicated in Figure 4 have been discussed in paragraph 3, 
i.e. malfunction advisory generator, health state reporting and 
maintenance support system. The malfunction advisory 
generator activates itself when something is out of the 
normal behavior of an equipment (overcoming the 
defined thresholds), providing an advisory. The user can 
check this information through the HMI (Human 
Machine Interface) of the robots of the production lines, 
thus allowing directly consultation in the shop-floor.  

Once information about equipment health is collected on 
the entire line, another service is entrusted to report on 
the health state of the line/part of the line or of the single 
machine, according to the needs of the operator.  

Then the possibility to improve the decision making about 
maintenance scheduling is addressed. This represents the 
way the system tested in this case will be able to self-
recover itself, calling upon a maintenance intervention.  

It is worth mentioning that this capability is allowed by 
the maintenance support system, that makes possible to access 
to “external” maintenance applications, such as the plant 
CMMS. The entire test case will demonstrate the 
possibility to have an adoption of SOA and embedded 
systems that enhances maintenance management, in 
existing industrial environments. 

The result of the implementation of such solutions, 
estimated by the eSonia project consortium, should 
increase the availability of production systems due to 
improved reliability and maintainability and enhance 
safety.  

5. Conclusions 

The present paper illustrates the general concept of the 
eSonia research project, focusing on the specific 
maintenance management tools that will be developed 
within the project itself. The tools presented in the paper 
are the ones that can be practically adopted in the 
proposed SOA architecture. In fact, the tools must be 
designed considering the way data and information are 

made available within the comprehensive eSonia 
architecture. In this case, information are mainly available 
through KPIs, so the tools must ground on this. 
Moreover the tools must consider the possibility to 
interact with IT systems that are external to the proposed 
architecture. To this end the paper presented the concept 
of two tools that can exploit the KPIs made available by 
information and data processing done at distributed level. 
Furthermore one tool allowing connection with external 
CMMS has been presented, neglecting details about the 
gateway and focusing, instead, on the functionalities that 
the tool should make available. 

Beside the solutions presented by this paper, it is worth 
mentioning that in a dynamic environment, the context of 
the application changes over time, in terms of the entities 
of the environment to observe (i.e. machines / 
subsystems). These changes must be managed 
transparently or controlled by the end-users (e.g. new 
sensors can appear and have to be automatically taken 
into account by the system), but also sensors and 
information systems must adapt themselves to different 
machines and be able to automatically adapt to the right 
KPIs that can be derived for the considered production 
systems. 

In order to cope with this issue that also further enable to 
apply the proposed architecture on a large scale of 
possible industrial cases, context information must be 
modeled. To this end, a context model is needed and this 
issue is also addressed by the eSonia project. This mainly 
refer to the fact that the context strongly impacts on the 
tools that elaborate data and information at different level 
in the architecture. Indeed, the tools are general ones and 
they are not customized on specific machines. To this 
end, a context model supports the automatic 
customization of the tools on the specific production 
system, where the proposed architecture will be 
implemented. 

This context model is presently under development and it 
is mainly based on consideration about different kind of 
machines that are available in production systems. Due to 
the fact that the project consortium makes available 
industrial cases about constructions industry, process and 
manufacturing industry, the context model will be 
deployed to be able to consider the main equipments 
normally available in industrial plants. Another important 
issue, related with this is linked to the use of KPIs. 
Indeed, in order to build proper KPIs, the context model 
plays an important role, providing information about 
which KPIs has to be built by the system. The proper 
KPIs are defined by a part of an information model that 
consider the context model and allows to link the kind of 
machines installed in the plant with the type of KPIs that 
are needed and will be offered by appropriate web 
services. 

The final aim of this research activity, it to make available 
an architecture that can adapt automatically its embedded 
services, tools and applications to diverse 
machines/production systems.  
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