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Abstract 
A manufacturing system needs to adapt or renew itself rapidly in order to produce 
better and cheaper products that customers require. In this paper a new 
architecture is proposed that features "renewal" within the life cycle of production 
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system. In order to support renewal effectively the architecture includes not only 
the feed-forward structure of plan, design, construction, operation, and 
maintenance, but also feedback information about know-how and experiences of 
field operations. The architecture assumes a virtual enterprise environment which 
accounts for and unifies both design and manufacturing even though they 
typically operate remotely. The architecture supports gathering and categorizing 
multimedia data such as signals from equipment, trouble information, quality 
management information, operators' know-how, etc. A demonstration, based on 
actual field-gathered multimedia data and its associated renewal activities, will 
verify the feasibility of the renewal-centered architecture. The demonstration will 
use object-oriented models and simulators. 
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1 INTRODUCTION 

The environment surrounding the manufacturing industries is changing 
substantially. These changes include structural changes in supply and demand, 
development and applications of new technology, and various new measures for 
environmental conservation. Under these changes. the life of manufacturing 
systems tends to become relatively longer compared with that of product. As the 
industries policy for manufacturing system changes from scrap and build to 
improvement, renewal activity in production life cycle is recognized more 
important than ever. 

Although facility life cycle and virtual manufacturing system are studied, the 
industries are not sufficiently equipped with tools, evaluation metltodology and 
technology that should systematically support all phases from planning, 
designing. construction, opemtion, maintenance to disposal of manufacturing 
devices. As production activities of enterprises become more international, it is 
often observed that a manufacturing system is opemted remotely from the 
designing department. In such a case, remote opemtion and virtual enterprise are 
studied to ensure smootlt information exchange between departments and to 
modify or change the system efficiently and at a low cost in accordance with 
changes in manufacturing environment. Advances in information teclmology 
proceed rapidly, and new tools and technology are introduced in market to apply 
to every phase of the life cycle of manufacturing system. 

In view of these trends, a new platform was proposed which aggregates real and 
virtual models without tlte consciousness of geographical distance, and can 
compose, operate and evaluate a manufacturing system of shop floor level in 
design, operation, maintenance, and improvement phases. Through experimental 
evaluation, we verified that tlte platform is feasible and can efficiently realize the 



506 

improvement ofproductivity of manufacturing systems. On the basis of this result, 
a new reference architecture focused on renewal activity of manufacturing system 
is proposed. which consists of a function model and an implementation model. 
Modeling discussed in this paper is limited to manufacturing systems which 
include devices, operators, materials, and information processed in the shop floor 
level. 

In this paper, Chapter 2 defines renewal activity which we focus on. Chapter 3 
describes the definition of real and virtual models, and the need for aggregation of 
them. Chapter 4 introduces the requirements for renewal activity, and Chapter 5 
proposes a new reference architecture of renewal activity. 

This study has been made as "the Globeman 21 project", a part of IMS 
International R&D Project. 

2 KAIZEN ACTIVITY AND RENEWAL ACTIVITY 

Nowadays the product life is shorter than ever. The production system adopts or 
renews itself in accordance with the change of product. Some of module units, 
which compose manufacturing equipment, are replaced frequently. It is important 
to keep the same or better perfonnance by continuously monitoring and 
maintaining the facilities in normal condition in the operation phase as defined in 
the design phase even though the system configuration of the manufacturing 
facilities is changed. In many Japanese companies, the manufacturing system is 
kept well through continuous KAIZEN activity. KAIZEN activity is based on the 
local shop floor level, and has been carried out in a small group of several 
operators and maintenance persons. Therefore, KAIZEN activity can not always 
be applied to the global manufacturing environment, because it is not fully 
supported by the information system technology. 

This research is intended to realize the environment which supports KAIZEN 
activity using up-to-date information technology. It is supposed that t11e model of 
manufacturing system is built in t11e design phase and that the information of it is 
kept in the electronic data. The operating infonnation is monitored from the 
running manufacturing facilities. If any difference between the model information 
and the monitored data is observed, the monitored data is transferred to the 
model. Through the simulation carried out using the monitored data, the cause of 
the difference is investigated and counter measure is considered and decided for 
implementation. The manufacturing system is re-configured to cope with the 
situation (major change). This activity is carried out in the environment which 
has already been proposed in our R&D activity. In case there is no need of re
configuration, another solution is taken so that some parameters are changed to 
meet the situation (minor change). These activities are called " RENEWAL " as 
shown in figure I. 
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Figure 1 Life Cycle of Manufacturing System and Renewals. 

3 AGGREGATION OF REAL AND VIRTUAL MODELS 

An actually existing manufacturing system is composed of devices, control 
infonnation. management infonnation, material flow, and transaction processes 
among them. Design. implementation and operation of a manufacturing system 
are very complicated because all the elements above are handled together, and 
therefore problems are difficult to identify if they occur. In order to identify a 
problem, a specific viewpoint must be established, and the model is built from that 
point which is selected from many viewpoints such as productivity of 
manufacturing system, operability of devices, quality of products, etc. relating to 
the problem. 

A model represents the behavior of manufacturing system on several types of 
simulators or in other infonnation processing world. It is called a virtual model. 
The virtual model in design phase is made, tested and evaluated from a critical 
point of view iit manufacturing system. Many case studies are carried out using 
the model until the model is fixed to meet the requirements. A virtual model 
expresses the ideal states and their transition of manufacturing facilities under 
given conditions in the virtual world. 
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The virtual model of a manufacturing system has been built and used as a part 
of designing tools. and it is considered sufficient only in the workflow from 
designing. implementation to operation of manufacturing system. But taking 
account of renewal activity, the model needs to represent an existing 
manufacturing system in the real world. It is called a real model which is made up 
of the monitored and measured data of running devices from the viewpoint of 
specific information. The behavior of a manufacturing system in the real world 
can be described using the real data. 

The virtual model is made and used mainly in design phase, while the real 
model is in operation phase. In renewal activity, a new environment is required 
where the real and virtual models are aggregated as mentioned in Chapter 2 
"Kaizen Activity and Renewal Activity." The manufacturing system is evaluated 
more efficiently and effectively. 

4 REQUIREMENTS FOR RENEWAL ACTMTY 

A manufacturing system consists of various devices which have their own 
information items and structures. Infonuation of a device is independently defined 
and is not compatible with that of others, and it is difficult to exchange 
information among devices. To realize infonuation exchange, an interface 
program is needed, which is not general but particular. Therefore a template is 
needed which shows the generic meaning of infonuation independent of the 
structure dedicated to the device. There is too much infonuation to be treated in a 
lump. and it is difficult to find out the necessary infonuation. To simplify the 
problem. the template should be individually built in tlte specific point of view, 
however it should be furnished with common infonuation items and structure. 

The information of these models tends to be exchanged at different places in 
global manufacturing environment rather than in the same factory. The 
communication function is required in global manufacturing environment 
independent of the spatial distance. 

Renewal activity is intended to be the same activity as Japanese KAIZEN 
activity. So the reference model deals with not only on-off signal infonuation of 
the manufacturing devices but also human oriented infonuation such as audio and 
visual signals treated by operators and maintenance persons. In addition to tlte 
character and numerical data processed on the computer, multimedia infonnation 
such as picture, image, voice, animation, etc. is required to be treated in 
integrated and inter-related fonns for tlte purpose of renewal activity. 
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5 REFERENCE ARCIDTECTURE 

The importance of aggregating the real and virtual models in renewal activity is 
described in Chapter 3 " Aggregation of Real Model and Virtual Model" in this 
paper. In order to realize that, two new reference architectures are proposed, one 
for building models and the other for implementing models. 

5.1 Reference architecture for building models 

The necessity of template in building models is described in Chapter 4 
"Requirements for Renewal Activity" in this paper. A new reference architecture 
is shown in Figure 2 as a conceptual platform for building models of a 
manufacturing system. 

The template is necessary for smooth exchange of information not only between 
real models in manufacturing system but also between real and virtual models. 
The template is an interface model of information exchange. It is not a functional 
model, but includes a functional aspect. The template is created from various 
points of views, such as productivity, manageability, operability, maintainability, 
quality assurance and so on, in manufacturing system. It describes briefly the 
meanings of information in order not to depend on the information items and its 
structure dedicated to manufacturing devices. It is common to all communication 
interfaces of real and virtual models, and is provided as a library based on object
oriented methodology. The instance of real and virtual models is created using 
this class library from the specific point of view. 

5.2 Reference architecture for implementing models 

The other reference architecture is proposed as shown in Figure 3 as a conceptual 
platform for implementation of manufacturing system. 

This architecture consists of the following four layers: 
Layer 1 : Common Platform - Represents communication network of data 
exchanges. 
Layer 2 : Object Models - Represents information models of real and virtual 
manufacturing systems with communication interfaces through which data is 
transferred to the communication network, including multimedia database. 
Layer 3 : Tools - Represents manufacturing equipment and devices including its 
controller such as NC and robot, data gathering devices like POP (point of 
production), and simulation tools for design engineering. 
Layer 4 : Users - Represents designer, operator and manager who use the 
information of manufacturing syste.,. 
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This architecture provides solutions for the requirements mentioned in Chapter 
4 "Requirements for Renewal Activity." 

The information exchange between the instances of real and virtual is carried 
out through Layer 1 (Common Platform). The communication in remote 
manufacturing environment is realized through Layer 1 and Layer 2 (Object 
Models). Communication network is realized based on information technology of 
Internet and LAN (Local Area Network) in the factory, etc., and interfaces are 
built using common off-the-shelf tools such as JAVA, C++, and so on. This is an 
infrastructure for data exchange between engineering department and 
manufacturing one. It removes the restrictions of time and space, and leads to 
promotion of smooth business activities in the global manufacturing environment. 

There are many useful data in the real manufacturing system, and operators 
have knowledge and know-how about it. Such information leads to needs and 
seeds for renewal activity of manufacturing system. But it is buried in the files of 
field operation reports or in the head of operator. Two steps are needed for the 
utilization of information in the field, one is to get information, and the other is to 
store it and retrieve necessary pieces. The former is realized in layer 3 (Tools), 
where multimedia devices, e.g. video camera and voice recorder, are used for 
gathering information from operators in the real manufacturing field. The latter 
belongs to database in layer 2. Database archives raw data as they were. In 
renewal activity field data are analyzed from various points of view, and they 
leads to creation of new idea for improving the manufacturing system. 

Object model is built using the template, and has an interface structure common 
for communication with other object models. In renewal activity, there are two 
cases of aggregation of real and virtual models. One is that real model is treated 
in the same manner as the virtual model in the virtual world. The other is that 
virtual data is replaced or incorporated with real data in the virtual model. These 
aggregations are realized in layers 2 & 3 of the virtual world. 

Tools stand for data gathering and displaying devices through which an 
operator monitors the status of manufacturing facilities and inputs 
controVmanagement information in real world. They express simulator and 
calculation software in virtual world. This layer includes multimedia equipment 
and graphical user interface for supporting virtual reality. 

Users mean operators and field managers in the factory, and engineers and 
designers in product and process engineering. They have knowledge and know
how, and they decide what and how to perform renewal activity. 
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6 CONCLUDING REMARKS 

Two new reference architectures are proposed in focus on renewal activity in the 
life cycle of manufacturing system. A demonstration system is prepared for 
validation of the reference architectures. A sample manufacturing system is 
selected as a candidate for demonstration, and information of its features and 
specifications are gathered from designing section and operation field in the 
factory. 

We are now under designing, and in near future we will build a demonstration 
system and will report the result. 
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