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The paper describes the design and implementation of a Manufacturing Information System

as a solution to share and exchange manufacturing data. The Manufacturing Information
System possesses relevant features for data sharing and exchanging, that are compliant to the
standard ISO 10303, known as STEP1. It is known that manufacturing planning and execu-

tion activities require data from machine-tools, robots, ASRSs2, AGVs3 and, on the other
hand, computer-based applications (CAM4, CAPP5 or PAC6) use proprietary formats to store
flexible manufacturing resources data. The way the proprietary formats are built has lead to
incompatibilities and interoperability problems among the applications. It is argued that by

solving these problems a qualitative functional synergy will result during manufacturing
planning and execution activities. The suggested solution is using a STEP-based information
system, a server and a prototype client application. These three programs are implemented in

Java classes to facilitate data sharing and exchanging of flexible manufacturing resources.

Keywords: STEP standard, EXPRESS models, manufacturing information system, flexible

manufacturing resources, data sharing and exchanging

1. Introduction

Manufacturing integration requires the achievement
of complete interoperability among CAX applica-
tions7 that are used in manufacturing planning and
execution activities. Authors like Valdew Singh
(1997) argue that information islands exist within
manufacturing systems since CAX applications are
not fully capable of sharing data. The current
incompatibi1ity problems among CAX applications
can be solved through several approaches, however,
peer-to-peer format translation and an open infor-

mation system seem to be preferred as last date
generation solutions. Many format translators must
be built so that CAX applications can share and
exchange data; this approach is very expensive and
not entirely functional. On the other hand CAX
applications may benefit from a Manufacturing
Information System (MIS) to make the manufac-
turing activities less decoupled. However, in order to
build such a MIS which CAX applications can
access, it is required a robust design of a data model
and an appropriate implementation to support the
requirements of such applications.

The present paper contains the description of
the design and implementation of a MIS that is*Author for correspondence.
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used to store, share and exchange data of flexible
manufacturing resources i.e. CNC8 machine-tools,
robots, ASRSs or AGVs (Table 1). Since manu-
facturing systems heavily depend on CAX appli-
cations that extensively employ data of the
mentioned resources, it is compulsory to have a
MIS that serves as a facilitator for data sharing
and exchanging. As far as we know there is not a
general data model to represent flexible manufac-
turing resources, therefore this particular infor-
mation system is lacking in nowadays
manufacturing systems. The importance of having
this MIS architecture following principles of the
STEP standard is explained as a necessary condi-
tion in this subject area.

The authors elaborate on the relevance of the
proposed data model for flexible manufacturing
resources, and the resultant MIS. EXPRESS was
chosen to model flexible manufacturing resources
because this modeling language brings coherence
regarding the ISO9 initiatives related to manufac-
turing data modeling. The proposed model was
expanded and then implemented, in this way the
MIS acts as a common database for specific
instances of flexible manufacturing resources to be
stored in. Moreover, to facilitate access in a dis-
tributed environment, along with the MIS a client–
server architecture was programmed to attend
information requests. The Java language was
used to implement the MIS, the server and a
client application. This approach is found to
be a sound solution to improve manufacturing
integration.

2. Importance of a step-based manufacturing

information system

A manufacturing information system, containing
data from the machine-tools, robots, etc., and
accessible to CAX applications, is a compelling
solution to enhance interoperability because, as it
was stated lines above, such applications present
problems to share and exchange manufacturing
data, particularly of flexible manufacturing
resources (Table 2). These problems can be visu-
alized with two different scenarios.

Let us consider a situation when data exchange
among several applications are important. When a
CAPP application creates a process plan it ideally
must match the machining operations with an
appropriate machine-tool. To do so the capabili-
ties and capacity of the machine-tools in the shop
floor must be identified so that the process plan
can be created. Next, to elaborate the production
schedule, a PAC application has to know the sta-
tus of the selected machine-tools before sending
them the processing instruction to perform. In this
sense communication must be established, via a
messaging application, with the machine-tools by
using the local area network. As can be seen sev-
eral applications need to share data about pro-
cessing resources. However, data sharing is not
fluently done due to the different syntax and
semantics for representing flexible manufacturing
resources.

Current incompatibilities also inhibit Data
exchanging. To exemplify consider the semantics

Table 1. Flexible manufacturing resources

Flexible manufacturing resource Acronym Description

Automated guided vehicle AGV Battery powered, automatically steered vehicles that follow
defined pathways in the floor. They are used to move unit
loads between load and unload stations.16

Automatic storage and retrieval system ASRS A storage system that performs storage and retrieval
operations with speed and accuracy under a defined
degree of automation.17

Computer numerical control CNC Numerical control machine-tools whose operation is

based on a dedicated computer.18

Robot None General-purpose, programmable machine possessing certain
anthropomorphic characteristics, the most obvious of them

is the mechanical arm.19
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and syntax used to represent a Robot. The arm of a
Robot is semantically and syntactically represented
in two different ways in CATIA and KISMET10.
CATIA calls it solid while KISMET calls it mech-
anism (SPRIT, 1994; Fahim and Choi, 1998). With
these two applications it is possible to store all the
relevant information about a Robot arm i.e. its
length or mass. However, if it is wanted to exchange
information between them a translator must be
used, taking the risk of losing important data.

To eliminate barriers and help to build a bridge
among the ‘‘information islands’’ it is necessary a
robust and general data model to represent the
flexible manufacturing resources upon which the
manufacturing information system is implemented.
As the STEP standard is the current state-of the art
solution to facilitate data sharing and exchanging
we consider essential to respect its basic principles.
The MIS for flexible manufacturing resources (see
Fig. 1), which is the main contribution of the paper,
possesses the following features:

(i) It has been modeled with the EXPRESS language.
We chose the EXPRESS modeling language be-
cause it is a formal language for specification of
technical data, it has a clear object-oriented

foundation, it allows data inheritance, it permits
the creation of user-defined types and the defini-
tion of complex entities. The STEP-based infor-

mation system is created once the EXPRESS data
model has been compiled.

(ii) Data is stored in a neutral format. The STEP
standard imposes a neutral storage format,
readable and understandable for every com-

puter-based application regardless the system
that actually creates the technical data. This
format is described in the part 21 of STEP (ISO,

1998a).
(iii) Access and manipulation is done through nor-

malized functions. To access and manipulate the

resultant information system a specific set of
functions, called Standard Data Access Interface
(SDAI) functions, are used. The full, abstract

definition of the SDAI functions is found in the
part 22 of STEP (ISO, 1998b). Also, specific
descriptions for implementing them in general
purpose languages are also covered in STEP: Part

24 describe their implementation for the C++
language (ISO, 1998c), and part 27 for Java (ISO,
1998d).

Interested readers in knowing more details
about the neutral format, the EXPRESS language
and the SDAI functions, may consult the article of
Guy Pierra (Pierra, 2000).

3. Manufacturing data models

The significant work concerning data sharing is
being done by the International Standards Orga-
nization which has launched a number of stan-
dardized data models. Data models for flexible

Table 2. Computer-based applications

Computer-based application Acronym Usage

Computer-aided design CAD Part and product design
Tools and Fixtures definition (Shen, 2001).

Computer-aided process planning CAPP Creation of process plans (Shen, 2001).
Computer-aided manufacturing CAM Production programming

Production planning

Machining control
Assembly control (Shen, 2001).

Production activity control PAC To control and evaluate production activities. It interfaces with

resources like AGV, ASRS, CNC machine-tools, and with
applications like process planning. One of its roles is to download
process instructions generated by CAPP applications and transfer

them to processing resources in the shop floor (Browne et al., 1992).

A STEP-based manufacturing information system to share flexible manufacturing resources data 289



manufacturing resources (mainly object-oriented
models) are also found in the scientific literature.
An important current effort to achieve integration
in manufacturing systems is conducted by the
Object Management Group (OMG), which
intends to develop CORBA-compliant applica-
tions. The objectives of these initiatives are
succinctly presented next. Some notions regarding
classification of the flexible manufacturing
resources were useful in the final development of
our EXPRESS models.

3.1 ISO data models

Table 3 presents those standards that contain data
models for manufacturing entities. Although every
standard has specific usage, all of them use
EXPRESS as a modeling language and permit
building neutral data repositories according to the
format described in ISO 10303:21.

3.2 Datamodels forflexiblemanufacturing resources

Object-oriented models for flexible manufacturing
resources have been reported in the scientific liter-
ature. In (Smith and Joshi, 1995) Flexible Manu-
facturing Resources are classified according to
their function: (1) Processing, (2) Storage, (3)
Handling and (4) Transportation resources. Simi-
larly, an object-oriented model for an entire man-
ufacturing cell is proposed in (Kcha and Park,
1996), where instances represent ASRSs, AGVs
and CNC turning machines; data transfer is done
over a TCP/IP network. Another model, using
CORBAs IDL, is reported in (Suárez, 1998). The
mentioned reference contains a Work Station class
which is inherited by a Cell class which in turn is
also inherited by aResource class. In (Wataya et al.,
1997) it is compared a manufacturing cell with a
biological cell due to the capability of each manu-
facturing cell to keep record of its own information.

FMR
Information

System

FMR
Information

CAPP

CAD

CAM

PAC CNC

CAT

FMR
Information

System

FMR
Information

CAPP

CAD

CAM

PACPAC CNC

CATCAT

Fig. 1. Applications access data from a flexible manufacturing resources information system.
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Some authors have modeled specific flexible
manufacturing resources. For example, an Auto-
mated Guided Vehicle (AGV) is modeled in
(Kwok and Norris, 1993). The AGV classes which
constitute the model are built by decomposing the
AGV in its basic components. The whole model is
implemented in an object-oriented database man-
agement system called Gemstone. Another inter-
esting proposal is the use of the EXPRESS
language to construct flexible manufacturing re-
sources data models (Chaxel et al., 1997). Finally,
an UML model which is used to integrate physical
properties of the resources has been reported in
Schafer (1999).

3.3 The CORBA11 approach to manufacturing
integration

The Object Management Group (OMG) has
launched the Manufacturing White Paper (OMG,
1996) which describes the road to follow so that
manufacturing real objects can be represented by
CORBA objects. The manufacturing real objects
are modeled with the Interface Definition Lan-
guage (IDL) of the Object Management Group.
The data structure is represented by variables of
the IDL. However, the OMG recognizes the
achievements STEP and related standards on
having modeled manufacturing entities. As a
consequence the OMG also proposed to create
interoperability mechanisms between STEP-com-
pliant applications and CORBA applications.

4. The data model of flexible manufacturing

resources

Flexible manufacturing resources are actually
complex entities that provide data to the manu-
facturing system. In order to build a complete,
robust information system some conceptual and
technical issues were solved. For example it is
proposed an efficient data organization for every
flexible manufacturing resource. It is also pro-
posed a mechanism to acquire and modify data by
using a TCP/IP network, once the required infor-
mation has been found in the MIS.

The proposed data model was constructed by
defining a Resource as an abstraction that com-
prises the different types of flexible manufacturing
resources known to date. It is also worth noting
that the Resource has relations with the external
world as seen in Fig. 2. One of them regards the
fact that every Resource is actually a data source for
the CAX applications; however, each application
has particular data needs. That is to say, a CAPP
requires different information of a Resource than
that required by a PAC. Therefore, the MIS must
only allow an application to view those data entities
of a Resource that are strictly needed. This relation
of the Resource with the Application is done via an
Application View. It is said that a Resource presents
different Application Views to the applications.

Another important aspect refers to the data orga-
nization for every Resource. Each Resource possesses
particular information i.e. particular capacity and
capabilities; but at the same time it belongs to one

Table 3. STEP-compliant standards

ISO standard Acronym Objectives Usage

15531 MANDATE To create normalized data models for
improving manufacturing management

information exchange (ISO, 1998e)

Manufacturing management and control

13584 PLIB To develop data models for improving
data exchanging of standard components

via CAD files or common data repositories
(ISO, 1999a)

Components and suppliers management

14649 CNC – STEP To develop standardized data models for

numerical control part programs (ISO, 1999b)

Numerical control part program creation

and implementation
13399 None To create normalized data models for cutting

tools ISO (1999c)
Tools as entities to be integrated by
CAD/CAM/CNC systems via neutral

files or common databases
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category of Resources regarding their function i.e. a
turning center and a machining center are both pro-
cessing resources. Then it is necessary to create a
useful concept to organize the data so that it reflects
the particularities of the Resource and at the same
time let it bemaintained in the hierarchy ofResources.
An appropriate concept that represents this fact is the
Domain. A Domain is then the set of entities that
compose a Resource. So a Resource is composed of
one or moreDomains that actually contain data. It is
possible then to determine General Domains, Inter-
mediate Domains and Specific Domains according to
the position of the Resource in the hierarchy.

The way CAX applications access data of the
resultant MIS is not a trivial issue, let alone when
thinking of distributed applications over a net-
work. A mechanism was implemented so that the
applications could access the MIS. Information
Services are proposed as the mechanism to modify
the data structure of the Resource by demanding
data to one or more Resource Domains. These
Information Services take advantage of the net-
work in order to connect applications to the MIS
so data can be acquired and, in most of the cases,
modified according to the dynamic changes of the
manufacturing system.

Figure 2 is divided in two sections. The light-
gray section corresponds to the information sys-
tem. The MIS is composed of entities that repre-
sent the Resource, the Domains of the Resource,
and the Applications View. The dark-gray section
represents the dynamic part of the proposed
architecture. Applications via Information Services

demand or modify data of the Resource by modi-
fying its Domains (the Domain that the application
is allowed to see).

4.1 Construction of the data model for flexible
manufacturing resources

The proposed solution to build the EXPRESS
model up reflects the considerations described lines
above. Figure 3 is the resultant EXPRESS-G data
model for flexible manufacturing resources. In the
model an abstract entity Resource is defined. This
entity constitutes the top of the resources hierar-
chy so that the Flexible Resource entity inherits
data from the Resource entity. The next level of
this hierarchy has the following entities: Processing
resource, Handling resource12, Transportation
resource13 and Storage resource14. The last level of
this hierarchy has entities named after the specific
resources belonging to one of the last categoriza-
tion: Turning Center and Machining Center entities
belong to the Processing Resource entity; the Robot
entity is a type of Handling resource, whereas the
AGV is a child entity of the Transportation
resource, and finally the ASRS entity inherits data
from the Storage entity.

On the other hand, the applications view con-
cept, that was explained lines above, is represented
by the View entity. The relationship between the
View entity and the Resource entity stores the
name of the application demanding information of
a flexible manufacturing resource.

FLEXIBLE
MANUFACTURING 

RESOURCE
DATA DOMAIN

APLICATION VIEW INFORMATION 
SERVICErequires data to

presents modifies

is composed of

offers

FLEXIBLE
MANUFACTURING 

RESOURCE
DATA DOMAIN

APLICATION VIEW INFORMATION 
SERVICE

c

Fig. 2. Domains, Views, Services and their relation with the Resource.
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The information content of the flexible manu-
facturing resources that has common usage or
similar attributes is grouped into aDomain entity. A
Domain classifies data of one or more Resources,
and aResource has its data classified in one or more
Domains. Each of the Domains is composed of
entities that actually compose the logical or physical
structure of each resource. More details about the
model can be found in López-Ortega (2001, 2002).

4.2 Validation of the EXPRESS meta-model

The first stage of the validation process is done by
creating instances of the entities that make up the
data model. At this respect specific data was taken
from an EMCO CNC turning machine, TC 100,
which is part of the Manufacturing System Lab-
oratory at Universidad Autónoma del Estado de
Hidalgo. EXPRESS-I is the language used to
instantiate the EXPRESS model. Figure 4 con-
tains an extract of the resultant EXPRESS-I
model. The complete EXPRESS-I model contains
data taken from the next flexible manufacturing

resources: One SCARA and two vertical robots
from ESHED, a machining center, a turning cen-
ter and one ASRS from EMCO systems. The
second stage of the validation process was done by
taking data into action, as it is described in the
following section.

5. Implementation of the manufacturing

information system

In order to exploit the proposed data-model, three
Java programs were developed: The STEP-based
information system, an information server and a
client application (see Fig. 5). The whole suite of
Java classes is comprised by the following modules:

Module 1

This module is actually the implementation, in
the Java language, of the STEP-based MIS. The
Java classes that reproduce the data model of the
flexible manufacturing resources were created by
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Fig. 3. The EXPRESS-G meta-model.
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compiling the EXPRESS model, process that is
also useful to check for possible errors in the
model. Specific instances of flexible manufacturing
resources are stored in this STEP-based MIS. The
set of Java classes that constitute the MIS was
created with the CASE tool ST Developer 1.8 from
STEP Tools Inc.

Figure 6 shows the information structure of a
Turning Center, implemented in a Java class
named TornoC (TornoC stands for Turning
Center). This class contains a number of vari-
ables that store data regarding any given Turn-
ing Center. For example, the TornoC member
variable Diproc is an instance of an object called

Fig. 5. The three modules: MIS, server and client application.

Fig. 4. Extract of the EXPRESS-I model.
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Process_Intermediate_Domain which, according
to the model, is a type of Domain. In the same
way the rest of the member variables of the class
under study instantiate several Domain objects,
where the information is actually stored. It can
be seen that a Turning Center is composed of
different types of Domains. For example, a
General_Domain is the represented by the object
Siscoor_General_Domain. Similarly the object
Movemement_Elements_Intermediate_Domain is
one of the Intermediate_Domains of a Turning
Center. This processing resource also contains
Specific_Domains, implemented with objects like
TurningTools_Specific_Domain. The Java
implementation of the MIS fully corresponds
with the developed EXPRESS model (Fig. 3).

Module 2

This module is made up with Java classes that
constitute the information server. This informa-
tion server reads and writes data in the imple-
mented STEP-based MIS. The information
server has also the necessary code to connect to
a local area network under the TCP/IP protocol,
in order to send and receive data of a specific
flexible manufacturing resource. This capability
is obtained by using the java.net package of the
Java language in conjunction with the SDAI.lang
package of the ST Developer tool. Figure 7
shows an example of the Java code of the
information server and its connection with the
MIS.

Fig. 6. Java code extract of the MIS – The Turning Center.
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Module 3

This last module is the client application. This
application searches the server, vı́a an IP address,
to read or write data of flexible manufacturing
resources. If the server is running the application
connects to it, otherwise an error message is pre-
sented. Figure 8 shows how the SDAI functions
are used to access the STEP-based MIS in order to
implement a given service (i.e. the tool offset
determination for a turning center). It is necessary
to open a Session and specify the type of Reposi-
tory that contains the instances of the flexible
manufacturing resources. In this case a file that
complies with the specification of part 21 of the
STEP standard is used as a data repository. Once
the type of Repository is defined, a Model is
accessed to get the Contents of the Model. The
example shows how data of a Reference_axis for a
Turning Center is obtained and used to calculate
the offset of a Tool.

The application has the capabilities to search
the most appropriate resource to execute a task,
according to dimensional and technological
requirements of a given part. The application
requests data of every processing resource

instantiated on the common database, receives
this data on the client port, and processes it. If
the appropriate processing resource is found, it
sends a message so that the chosen resource is
asked for information. The complete suite was
implemented in a client–server architecture so
that data from flexible manufacturing resources
can be accessed by remote applications. Figure 9
shows a screen-shot of the application.

6. Comparison of the proposed data model with

related work

Both, the set of manufacturing resources and the
corresponding model presented in this paper have
a close relationship with ISO 15531, known as
MANDATE (MANufacturing management
DATa Exchange). However, the objectives of
MANDATE are slightly different from the objec-
tives of the model presented in this paper. MAN-
DATE models a Resource entity around which the
database is built. In MANDATEs sense, a
Resource is any element or device within the
manufacturing system: fixtures, machines, work-
ers, tools, etc. According to Walter Eversheim, one

Fig. 7. Java code extract of the information sever.
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of the MANDATE project leaders, the model is
general enough to store data from any resource
within the manufacturing system (Eversheim et al.,
1998).

The related work also contemplates CORBA
objects which are developed under OMG patron-
age and by independent researchers. The main
objective of these objects is also to enhance inter-
operability among the applications that are com-
pliant with the OMG standard. The OMG also
recognizes, though, that interoperability can be
improved if communication with STEP-based

applications can be achieved. The set of entities
that model flexible manufacturing resources pre-
sented in this paper can be of great interest because
none of the STEP-based standards explicitly con-
template entities like the ones modeled in this
work. Indeed, data from machine-tools, robots,
ASRS, is needed in a more detailed fashion and by
many applications and activities, as it was noted in
the related work. It was seen that data from flex-
ible manufacturing resources is required by CAPP,
PAC, tool-setting, network message passing
applications, among others.

Fig. 8. Use of the SDAI functions to access the MIS and implement services.
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The model proposed in this paper is intended to
store specific information of machine-tools, ro-
bots, AGVs, etc. The model is intended to store
physical and logical data of the contemplated
flexible manufacturing resources. It is useful to
delineate the resources as they are designed and
used, including processing capabilities for CNC
machine-tools, mathematical and kinematical data
for robots, physical structure and routes to follow
as in the case of transportation resources, storing
capabilities for ASRSs, etc. The authors of this
paper argue that a more detailed description of the
flexible manufacturing resources is actually ob-
tained and a finer granularity of information can
be stored. Java applications were developed to
prove the model usage.

7. Future work – STEP-based extended enterprises

The ISO standards 10303 (STEP), 15531 (MAN-
DATE), 13584 (PLIB), 14649 (CNC-STEP), along
with the EXPRESS model for flexible manufac-
turing resources described in this paper, can be
used to construct an information architecture to be
used by Extended Enterprises. An information
architecture based on these standards constitutes a

solution to improve data sharing among the par-
ticipants of the Extended Enterprise. However, it
is important to analyze the data models of each of
the standards, define the role of the participants
both as data sources and data sinks, and develop a
model that relates them.

By analyzing ISO 15531 it is possible to argue
that their data models can be used to manage the
flow of information related with suppliers, external
production systems or resources used in the
Extended Enterprise. ISO 15531 describes data
models for production capacity and permits data
sharing of manufacturing systems management.
On the other hand, ISO 13584 proposes data
models for sharing and exchanging information
related to the parts supplier, the final user, and the
relation among the components of a given product
by means of several Basic Semantic Units. The
current research work consists of developing an
integrated information architecture whose pre-
liminary design is already done. The integrated
architecture is being developed by studying a set of
common transactions given in the context of the
Extended Enterprise. A data repository is also
being modeled which will also be accessed through
the SDAI functions. An application called
Extended Enterprise Mediator is being created to

Fig. 9. GUI of the client application.
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coordinate the data flow of the participants of the
Extended Enterprise, see Fig. 10.

8. Conclusions

STEP-based information systems constitute a
promising path to improve MIS. However, despite
the intense information demanded from flexible
manufacturing resources in several manufacturing
activities, i.e. manufacturing planning and execu-
tion, no explicit data model had been developed to
represent their complex information structure.
Data models have been reported in the scientific
literature; such models, though valuable, are not
entirely coupled within the manufacturing context.
The EXPRESS data model and its corresponding
information system we described in this paper
constitute a technological solution to store, share
and exchange data of flexible manufacturing
resources. The EXPRESS model is useful as a
specification language for defining data and the
constraints that must be respected by the com-
puter-based applications in order to acquire
information of flexible manufacturing resources. It
is important to remark that the solution we
achieved is coherent with STEP-based information
systems, so that applications can interoperate and
achieve a higher degree of integration.

The EXPRESS data that we proposed is built on
three core concepts: Resource, View and Domain.

Around these three concepts information regarding
flexible manufacturing resources was stored
regardless a particular system used to process it. As
a result of having expanded and instantiated the
proposed model, it was proved that:

1. The whole information content of the flexible
manufacturing resources was stored.

2. No information distortion was noted.
3. Physical and logical coherence among the

entities of the real-world flexible manufac-
turing resources were maintained with the
entities that make up the EXPRESS model.

4. When accessing the data repository (imple-
mented in several hundred Java classes) the
ACID15 properties of the transactions were
satisfied.

5. Data independence was obtained. In this
sense the data relies on the model not on the
computer-based application.

We are aware that new concepts can be added to
the model due to its modular design. This modu-
larity also permits a partial implementation of the
model, according to the user’s needs. In order to
fully comply with STEP it is still necessary to
develop proper interfaces with the existing models.
This is also possible and achievable as the core
features of STEP are respected. However, to our
knowledge, this is the first attempt to systematize
data and usage of the flexible manufacturing

Fig. 10. The proposed STEP-based architecture for the Extended Enterprise.
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resources, taking into account their manufacturing
planning and execution role.

Although the research project was initially
intended to accomplish integration within a man-
ufacturing enterprise, it is possible to continue
with the same research subject in order to create
open information systems for the extended enter-
prise. As the EXPRESS models presented in PLIB
and MANDATE are intended to demolish the
information barriers among CAX applications, an
appropriate framework must be designed to use
them for exchanging manufacturing data along the
product life-cycle. Future work will be done in this
direction.
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Notes

1. STandard for the Exchange of Product data.
2. Automatic Storage and Retrieval System. See

Table 1 for further information.

3. Automatic Guided Vehicle. See also Table 1.
4. Computer-Aided Manufacturing. See Table 2 for

further details.

5. Computer-Aided Process Planning. See also Ta-
ble 2.

6. Production Activity Control. See Table 2.

7. CAX is a general term for a given computer-aided
activity such as Design, Manufacturing or Process
Planning. X is replaced by one specific manufac-

turing activity.
8. Computerized numerical- control machines such

as turning centers or machining centers. See Ta-
ble 1.

9. International Standards Organization.
10. CATIA and KISMET are two Computer-Aided

Design applications that also possess modules for

robot movement simulation.
11. Common Object Request Broker Architecture.

Middleware used to allow interoperability among

heterogeneous software systems.
12. Material handling is the movement, protection

and control of materials throughout the manu-
facturing system. Robots are a type of material

handling resources.

13. Automatic equipment used to move materials
inside a factory, warehouse or other facilities.

AGVs are material transportation resources.
14. The function of a storage resource is to store

materials and permit access to them when re-
quired.

15. Atomicity, Consistency, Isolation and Durability.
Basic properties every information system must
possess.

16. Groover (2001, p. 282).
17. Groover (2001, p. 329).
18. Groover (2001, p. 128).

19. Groover (2001, p. 211).
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