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Wise-ShopFIoor: A Web-Based and bment on mul(tji_ple ﬂistinct hard(;/vare platform"s_. With Jtava, tdhe
- rowser paradigm has emerged as a compelling way to produce
Sensor-Driven e-Shop FIOOT— manufacturing applications over the Internet.
The objective of this research is to develop a Web-based digital
Lihui Wang *k shop floor framework calledWise-ShopFloor (Web-based

integratedsensor-drivere-ShopFloox for distant shop floor moni-
toring and control. The Wise-ShopFloor can serve real-time data
from bottom up, as a constituent component of e-manufacturing.
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Weiming Shen The framework is designed to use the popular client-server archi-
tecture and VCM(view-control-mode)l design pattern with se-
Sherman Lang cured session control. The proposed solutions for meeting both the

user requirements demanding rich data sharing and the real-time
Integrated Manufacturing Technologies Institute, Nationafonstraints are(l) using interactive Java 3D models instead of
. . . andwidth-consuming camera images for visualizati@rans-
Research Cou_nC|I of Canada, 800 Collip Circle, mitting only the sensor data and control commands between mod-
London, Ontario N6G 4X8, Canada els and device controllers for monitoring and cont(8); provid-
ing users with thin-client graphical interface for navigation; and
(4) deploying major control logics in a secured application server.
Targeting the remote monitoring and control of shop floors, thi§ Proof-of-concept prototype system is developed on top of the
paper proposes a new framework called Wise-ShopFlugely- framework to demonstrate shop floor monitoring and control. It
basedintegratedsensor-drivene-ShopFloor)that can be ap- utilizes the latest Qava technolqgles, |nclud|ngl Java 3D and Java
plied to distributed manufacturing environments. It utilizes theervlets, as enabling technologies for system implementation. In-
latest Java technologies (Java 3D and Java Servlet) for systéigad of camera images, a physical device of interest is repre-
implementation. This Web-based framework allows users to mofgnted by a Java 3D model with behavior control nodes embed-
tor and control a distant shop floor device with visual helps erfled. Once downloaded from an application server, the Java 3D
abled by Java 3D models instead of camera images. The behaJiypde! works on behalf of its counterpart showing behaviors for
of a 3D model is driven by sensor signals of its physical counteylsualization at a client side, but remains alive by connecting with

part. A prototype system is developed to demonstrate its applidd® Physical device through low-volume message passing. The
tion on shop floor monitoring and control. goal of our combined Web-based and sensor-driven approach is to

[DOI: 10.1115/1.1647122 significantly reduce network traffic, while still providing end users
with an intuitive environment. The largely reduced network traffic
makes real-time monitoring, control, inspection, and trouble-

Keywords: Web-Based Monitoring, Remote Control, Java 33h0oting practical for users on relatively slow hook-ups such as

Sensors, Distributed Manufacturing modem connections. In the near future, open-architecture devices
(such as OpenPLCs and Open-CNC Controllers,) etdl have
Web servers and Java virtual machines embedded. This will make

1 Introduction the proposedVise-ShopFlooframework more efficient for real-

) . . ) _time monitoring and control in distributed manufacturing environ-
Since its debut in early 1990s, the Web has gained a widgants.

acceptance in both academia and industry, and has been used Bis paper presents fundamentals of the framework for building
many as a medium to share information and knowledge. Todayyjfeh-pased collaborative systems that can be used in distributed
is widely used for the development of collaborative software efsanyfacturing environments. It first reviews the related work, fol-
vironments to support dispersed working groups and organizatiqgged by the description of the concept and architecture of the
because of its platform, network and operating system transpgmework. The Wise-ShopFloor concept is then demonstrated

ency, and its easy-to-use user interface—Web browser. In additighy yalidated through a case study on device modeling, monitor-
to the Web technology, Java has brought about a fundamenidy and control.

change in the way that applications are designed and deployed.
Java’s “write once, run anywhere” feature has reduced the com- . . .
?_ A Brief Literature Review

plexity and cost traditionally associated with software develo
Since 1993 shortly after the emergence of the Web, a number of
*Copyright 2003 National Research Council Canada. To copy, republish, post B¥thods and frameworks have been proposed for building Web-
servers or redistribute to lists requires prior specific permission from the Natiolahsed systems. Most of them are developed for collaborative de-
Research Council Canada. sign, Web-based rapid prototyping, project management, and con-
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the JDURNAL OF COMPUTING AND INFORMATION SCIENCE IN ENGINEERING. ais.trjbuted design suppoi€yberCut[2] for Web-based rapid ma-
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Fig. 1 Concept of Wise-ShopFloor Fig. 2 Three-tier architecture of Wise-ShopFloor

oY¥eb browser, which eliminates a system’s portability. Advanced

ActiveX, and VRML (virtual reality modeling languageare a_m’d distributed shop roo_r m_onitoring and control remain unprac-
widely adopted for developing client-side user interfaces. At t al as Web-based ap_pllcatlo_ns due_to the real-time constraints.
server side, technologies including JSRvaServer Pagesiava eduu_ng network tr_afflc and increasing system performance are
Servlets, and XML are quickly obtaining attentions for systerflé Major concems in Web-based system developments.
developments. To facilitate viable collaborative systems, applica-
tion servers must engage users in a 3D graphical interaction4n fea
addition to the dialog-like data sharing, because remote users ng’ed Con(-:ept of Wise .Shopl-zloor ) )
active and visual aids to coordinate their efforts in a distributed The Wise-ShopFloor is designed to provide users with a Web-
environment. Today, collaborative manufacturing tops the widised and sensor-driven intuitive shop floor environment where
list for many manufacturers. Unfortunately, most of the manufageal-time monitoring and control are undertaken. It utilizes the
turing equipment of today does not have the built-in capability tgtest Java technologies for system implementation. Instead of us-
transmit and receive data. Few of the available Web-based siif camera imageéusually large in data sizea physical device
tems are designed for shop floor monitoring and control or f&f interest(e.g. a milling machine or a robotan be represented
advanced factory automation. Some related systems listed bel@w@ scene graph-based Java 3D model in an applet with behavior
are limited in their functionality and platform requirements. ~ control nodes embedded. Once downloaded from an application

In the area of event monitoring, the lat&implicity from GE ~ server, the Java 3D model is rendered by local CPU and works on
Fanuc AutomatiofUSA) allows users to view their factory’s op- behalf of its remote counterpart at a client side. It remains alive by
erational processes through an XML-bad&dbViewscreen, in- conngcting with the physical device through low-volume message
cluding all alerts on evergimplicity system[4]. The Factory- Passing(sensor data and user control commandse 3D model
Flow from Unigraphics Solution§USA) is an off-line factory- Provides users with increased flexibility for visualization from
floor layout planning, material handling, and simulation packagérious perspectives, such as walk-through or fly-around that are
[5]. By most estimates, the number of CNC machines capable ¥t possible by using stationary optical cameras. The significantly
linking to the Internet is less than 10% of the installed bi@ge reduced network traffic makes real-time monitoring and control,
Seeking the opportunity in linking CNC machines with the Interetc. practical for users on relatively slow hook-ups through a
net, MDSI (Ann Arbor, MI, USA) uses OpenCNC [6], a sharedCyber Workspacgll]. By combining virtual models with
Windows-based software-only machine tool controller with reareal devices through synchronized real-time data communications,
time database, to automatically collect and publish machine afftg Wise-ShopFloor allows engineers and shop floor managers to
process data on a network. In 1999, Hitachi Séikipan intro- ~assure normal shop floor operations and Web-based trouble-
ducedFlexLink[7] to its turning and machining centers. Workingshooting—particularly when they are off-site.
together withPC-DNC Plusfrom Refresh Your MemoryUSA), ~ Figure 1 shows the Wise-ShopFloor concept. Although the
FlexLink is able to do in-process gauging, machine monitoringVise-ShopFloor framework is designed as an alternative of
and cycle-time analysis. Since 1998, Mazdipan has operated camera-based monitoring systems, an off-the-shelf Web-ready
its high-techCyber Factoryconcept[8] at its headquarters in camera can easily be switched on remotely to capture unpredict-
Oguchi, Japan. The fully networkabléazatrol Fusion controllers able real scenes for diagnostic purposes, whenever it is needed. In
allow Mazak machines to communicate over wireless factory netddition to real-time monitoring and control, the framework can
works for applications including real-time machine tool monitoralso be extended and applied to design verification, remote diag-
ing and diagnostics. In addition, Japan-based Mori Seiki intrétostics, and virtual machining. It is tolerant to hostile, invisible or
duced aCAPS-NETsystem that polls machine tools on Ethernet dton-accessible environmer(s.g. inside a nuclear reactor or out-
settable increments, usually five-second or longer, for engineersstge a space statipn
get updates on machine tools’ run-time status in produ¢8driro
bring legacy machine tools with only serial ports on-line . .
e-Manufacturing Networks Iné¢Canadaintroduced itsON Uni- 4 Architecture Design
versal Interfaceand CORTEX Gateway10] to help the old sys-  As shown in Fig. 2, the framework is designed to use the popu-
tems go online, and to monitor information flow and the status ddr client-server architecture and VCiiew-control-model de-
the CNC machine tools on the network. sign pattern with built-in secure session control.

Despite all the accomplishments, the available systems are eiThe proposed solutions for meeting both the rich visual data
ther for off-line simulation or for monitoring only. Most systemssharing requirements and the real-time constraints are listed
require a specific application to be installed instead of a standdrelow.

of technologies used in the existing systems, HTML, Java appl
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manderat the server-side then takes over the control for real de-
Fig. 3 Web user interface for shop floor monitoring and vice manipulations. Another client-side module callStatus-
control Monitor can provide end users with a view of run-time status of
the controlled device. For the purpose of collaborative trouble-
shooting, aChatRoomis included in the framework for synchro-
o ) . nized messaging among connected users.
1. Using interactive scene graph-based Java 3D models insteagd proof-of-concept prototype is developed to demonstrate its
of bandwidth-consuming camera images for visualization; appication on remote monitoring and control. Figure 3 shows one
2. Transmitting only the sensor data and control commandgapshot of the Web user interface of the prototype. A more de-
between models and device controllers for remote monitogjleq discussion from device modeling to control is provided in

ing and control; o _ _ Section 6 through a case study.
3. Providing users with thin-client graphical user interface

(GUI) for shop floor navigation; and
4. Deploying major control logics in a secured applicatio®s Shop Floor Security

server According to an NCMS repofftl 2], there is a growing consen-

The mid-tier application server handles major security corsus that linking shop floor hardware to the Internet will become
cerns, such as session control, viewer registration, data collectiting backbone technology for collaborative manufacturing. How-
distribution, and real device manipulation. A centggssionMan- ever, a major concern of implementing Internet or Web-based col-
ager is designed to look after the issues of user authenticatidaporative manufacturing systems is the assurance that proprietary
session control, and sensitive data logging. All initial transactiomsformation about the intellectual property owned by the organi-
need to pass through tf&essionManagefior access right autho- zation or information about the company’s operations is available
rization. In a multi-client environment—the Wise-ShopFloor, difenly to those authorized individuals. Any Web-based collaborative
ferent clients may require different sets of sensor data for devisgstems must accommodate privacy of the individuals and orga-
monitoring. It is not efficient to have multiple clients sharing thaizations involved in collaborative activities. In a highly competi-
same model talk with the same device directly at the same time.time manufacturing environment, the information about the opera-
stead, a publish-subscribe design pattern is adopted to collect sams of or the information provided by individuals or
sor data and distribute them to the right clients, efficiently. As arganizations should only be shared by those involved. Clearly, it
server-side module, th8ignalCollectoris responsible for sensor is also important to avoid security disasters of hardware. Web-
data collection from networked physical devices. The collectdzthsed remote monitoring and control typically involve sharing
data are then passed to another server-side module &dedl- information in the form of detailed run-time operations, as well as
Publisherthat in turn multicasts the data to the registered sulbeal-time and mission-critical hardware controls. For general ac-
scribers(clients through applet-servlet communication.Regis- ceptance of théNise-ShopFlogrthe secrecy of the proprietary
trar is designed to maintain a list of subscribers with the requestedormation must be properly maintained. To meet security re-
sensor data. A Java 3D model thus can communicate indirectjyirements, our approach depends on a security infrastructure
with sensors no matter where the clients are, inside a firewall bwilt into the Java platform. This security infrastructure consists of
outside. HTTP streaming is chosen as the data communicatioyte-code verification, security policies, permissions, and protec-
protocol for the best combination between applets and servletisn domains. In addition to the security infrastructure, other se-
For the same security reasons, a physical device is controllablgity and privacy issues are considered in the framework for
only by the Commanderthat resides in the application serverimplementation, including digital rights management for informa-
Another server-side component callBadtaAccessois designed tion access and sharing, data encryption, and process confidenti-
to separate logical and physical views of data. It encapsulat#ty protection.

JDBC (Java DataBase Connectivitgsnd SQL codes and provides Figure 4 shows how a remote user can get access indirectly to
standard methods for accessing data. the real shop floor without violating shop floor security policy. All

Although the global behaviors of Java 3D models are controllethta communication between the end user and a shop floor device
by the application server based on real-time sensor signals, remgoes through the application server, and is processed by a server-
users still have the flexibility of monitoring the models from dif-side module before passing the data to its receiver. As mentioned
ferent perspectives, such as selecting different 3D machine modelsSection 4, only the server-side modules are allowed to collect
and changing viewpoint locatioftranslation, rotation, orbiting, sensor data or manipulate devices within their limits. On the other
zooming or orientation(panning, tilting, throughJ3DViewerat a hand, all end users are physically separated from the real shop
client's side. Authorized users can submit control commandi®or by using segmented networlatranet/Internet, and Factory
through CyberController to the application server. Th€om- Network) with the application server as a gateway.
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Fig. 5 Java 3D scene graph architecture of Tripod

Fig. 6 Web-based remote monitoring and control of Tripod

6 Case Study

This section describes how a physical device is modeled, moni-
tored, and controlled by applying our Wise-ShopFloor concept.

The Tripod is one type of parallel kinematic machines developeghape of a 3D object. Thappearanceobject describes the ap-

at authors’ lalf13]. Instead of using camera images, the Tripod igearance of the geomettgolor, texture, material reflection char-
modeled by using the scene graph-based Java 3D models wdtheristics, et¢. The behavior of the Tripod model is controlled
behavior control nodes embedded. The 3D model behaves in theBehaviornodes, which contain user-defined control codes and
same way of its counterpart for remote monitoring at client-sidstate variables. Sensor data processing can be embedded into the

facilitated by the model-embedded kinematics and sensor signg®sles for remote monitoring. Once applied tdransformGroup
node, the so-defined behavior control affects all the descending

of the real Tripod. nodes. In this example, the movable objeCtsTable, Y-Table,
) ) ) ) and Moving Platform unjtare controlled by using three control

6.1 Java 3D Modeling for Tripod. Java 3D is designed to nodes, for on-line monitoring/control and off-line simulation. As
be a mid to high-level fourth-generation 3D AK]. What sets a the Java 3D model is connected with its physical counterpart
fourth-generation APl apart from its predecessors is the use tbfough the control nodes by low-volume message passeal-
scene-graph architecture for organizing graphical objects in ttigne sensor signals and control commands,) giicbecomes pos-
virtual 3D world. Unlike the display lists used by the third-sible to remotely manipulate the real Tripod through its Java 3D
generation APIgsuch as VRML, Openinventor, and OpenGL model.
scene graphs can mercifully hide a lot of the rendering details ) ) ) ] ) ) )
from users while offering opportunities for more flexible and ef- 6.2 Kinematics Modeling for Tripod. Kinematics studies
ficient rendering. Because Java 3D is part of the Java pantheorihg geometric properties of the motion of points without regard to
assures users ready access to a wide array of applications HIfir masses or to the forces acting upon them. While the scene
network support functionalitf15]. Java 3D differs from other graph is the emergent standard hierarchical data structure for com-
scene graph-based systems in that scene graphs may not coritglfir modeling of 3D worlds, kinematic models of physical de-
cycles. The individual connections between Java 3D nodes yiees or mechanisms that have external constraints or constraints
always a direct relationship: parent to child. It is worth of menthat span interior nodes do not fit comfortably into its open-
tioning that in addition to Java 3D, OpenSceneGréipB] and branched tree topology. In the case of our Tripod monitoring and
OpenS@17], as emerging open source standards, provide sim”@@nt_rol, models of both constrained klnematlps and inverse kine-
multi-platform supports for scene graph model creations. Figureatics are solved separately and embedded into the behavior con-
illustrates the Java 3D scene graph architecture of the Tripod. THigl nodes in a scene graph to calculate the motions of respective
test bed is a gantry system, which consists of an x-table and@mponents. Typically, constraints can be expressed in a number
Tripod unit mounted on a y-table. The end effecter on the movirgequatlons or inequalities that describe the relationships among
platform is driven by three sliding-legs that move along thre&fipod components. Based on sensor signals collected from the
guide-ways, respectively. real Tripod, both constrained kinematic model and inverse kine-

As shown in Fig. 5, the scene graph contains a complete dBatic mode! of the Tripod are n_eeded to calcula_te the positions
scription of the entire scene with a virtual universe as its root. Thagid orientations of the three sliding-legs and moving platform for
includes the geometry data, the attribute information, and ti Tripod model rendering. A detailed description of the Tripod
viewing information needed to render the scene from a particuléipeématic model can be found [18].
point of view. All Java 3D scene graphs must connect Yortual
Universeobject to be displayed. Thértual Universeobject pro- 6.3 Remote Monitoring and Control. Web-based remote
vides grounding for the entire scene. A scene graph itself, hodevice monitoring and control are conducted by usingStetus-
ever, starts with th8ranchGroup(BG) nodes(although only one Monitor andCyberController which communicate indirectly with
BG node in this cageA BranchGroupnode serves as the root ofthe device controller through an application server. In the case of
a sub-graph, or branch graph, of the scene graph.Tr@esform- Tripod monitoring and control, they are further facilitated by the
Group nodes inside a branch graph specify the position, orienteinematic models derived in section 6.2, to reduce the amount of
tion, and scale of the geometric objects in the virtual universdata traveling between Web browsers and the controller. The re-
Each geometric object consists ofceometryobject, anAppear- quired position and orientations of the moving platform are con-
anceobject, or both. Th&eometryobject describes the geometricverted into the joint coordinates by the inverse kinematics for both
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client-side Java 3D model rendering and server-side device cq@@®n STEP-NC and the Comp|exities of
trol. The three sliding-legs of the Tripod are driven by three 24

DC servomotors combined with three lead screws. Each actuaéﬂ'OdUCt Data Integratlon
has a digital encod€il.25 um/coun) for position feedback. The
position data of the sliding-legs are multicast to the registered . .

clients for remote monitoring, whereas only one user at one timdartin Hardwick

is authorized to conduct remote control. A sampling rate of 1 kH2rofessor of Computer Science, RPI, Troy, NY 12180
is used in the case study. Figure 6 shows a snapshot of the Wplesident STEP Tools, Inc.

based monitoring and control of the working Tripod.

For twenty years the manufacturing domain has been seeking to
7 Conclusions share product model data by defining an entity relationship model
. . .covering the life cycle of geometrically defined products. The data
thr-g‘el-sti gra gfghﬁ)tf;ﬁ?és '?hvevgg a?Z?F:)ijgggabmg\gmg?bdaggag ring is |mplemer_1ted by selecting subsets of these entities and
sensor-driven approaéh is to reduce network traffic using Java g;monshlps to define data exchange standards fpr CAD, CAE,
models for real-time applications, while still providing users wit M, CNC and PDM systems. The approach requires agreement
intuitive environments for conduéting their work. Participating i%n how data will be reused across the domains so an organization
) been meeting to manage the required data definitions. Con-

the Wise-ShopFloor environment, users can not only feel reduc&%serable success was achieved in 1995 when a standard was

network traffic by real-time interactions, but also obtain morgroposed and implemented by industry as a way to move 3D ge-

flexible and location-transparent control of their real shop floor )
The Wise-ShopFloor framework enables a mobile solution for dis_metry between CAD systems. Now, a new protocol for exchang

tributed manufacturing and frees engineers and shop mana ihg manufacturing process information between CAM systems and

from their dedicated computers. A Tripod case study demonstra C devices is being released. This protocol reuses much of the
. o puters. P y SUaltta defined for the other domains and will allow CNC manufac-
its feasibility and shows promise of this novel approach to distri

uted shop floor environments. The case study can be easily t?@(ring tools to process 3D data, but the complexity of the specifi-

tended to a general case problem, as the server-side module%ﬁ%m Is causing controversy. In this paper we report on the new

designed for generic purpose in terms of data communication. ecification and analyze the advantages and disadvantages of its

only unique issue to be addressed by the users is Java 3D m?&?i%hlt&g?{"rggﬁgg control programs.
(and kinematic model, if anycreation. This can be achieved o '
by using a third-party scene graph editor, similar to any CAD
systems. )
As decentralization of business increases, a large applicatibn Introduction

potential of this research is anticipated. In addition to real-time | jke many data sharing effortl], STEP, the Standard for
monitoring and control, the technology can also be applied toduct Model data exchange, started with a burst of enthusiasm
collaborative design, remote inspection and trouble-shooting, @fen a new technical capability was demonstrated. In its case the
well as virtual manufacturing. new capability was a specification called IGESitial Graphics
Exchange SpecificatignlGES made it possible to move drawing
data between CAD systems. Because of this initial success, indus-
References try decided it wanted to define standards to enable data exchange
between systems across the complete life cycle of a product. The
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Another barrier emerged when STEP adopted a “pre-plannin@@NTITY point
approach to data integration. In this approach data is integrated by x : REAL;
mapping object models into a common set of integrated resources. y : REAL;
These resources are planned up-front so that the different modeD_ENTITY;
can be integrated. The approach allows the STEP product models i . .
to grow over time and avoid islands of automation. However jt NeW types may be defined from other types and entities using
also makes them harder to understand because programmers #&t YPE keyword. STEP recommended practice is to never use
understand the EXPRESS language, the object model and 8 of the EXPRESS pre-defined types in the definition of an
mapping of the object model into the integrated resources. entity because itis a missed opportunity to define a more spguﬂc
Nevertheless the STEP developers persevered. An early sucég for the attribute. Therefore, in the next example a coordinate
was achieved when a protocol called AP-203 was defined for dg-defined to be a type of REAL and used to define the attributes
changing 3D product model geometry between CAD systenfd. @ point.
More than one million CAD station_s now contain AP-203 transtype coordinate: REAL:
lators. Other successes were achieved when protocols were Igﬁ-D TYPE:
fined for CAE, printed circuit boards, piping, building construc-E,\l.l.ﬁ-Y P
. L X : point;
tion, shipbuilding and other domains but these had less impact coordinate:
because their applications have smaller numbers of (i8¢rs coordinatez
Now STEP is on the verge of a new success with the release fD ENTiTY' '
a specification for defining the data input to CNC controllers. Th - ’
new specification is called STEP-NC and holds great promise be-Some defined types need to be given more complex data struc-
cause there are more than 500,000 machine tools with CNC caiires. The structures available include five types of aggregates, a
trollers in the USA alone. Currently these controllers are driven bielect type and an enumerated type.
vector codes developed in the 1960's. STEP-NC will allow the ]
data input to these controllers to be updated to 3D models anfofPE axis2_placement SELECT
tated with design tolerances, manufacturing features, process sgaxis2_placement2d,
guence and cutting tool requiremeritg5]. As a result the time axis2_placement 3d);
required for path planning may be reduced by 35%, the number®ND_TYPE; -- axis2 placement
drawings required on the shop floor may be reduced by 75%, and i
for small job lots 50% faster machines can be used because they e five aggregate structures are LIST, LIST OF UNIQUE,
can do more checking in softwafé]. BAG, SET apd ARRAY. Each allows an attribute to be deflned as
However, the new specification is also very complex. It build@n aggregation of another type. For example, the following code
on twenty years of effort by the STEP development communit?._hOWS how STEP Qeflnes a point. This definition defines a Carte-
Some argue that a much simpler specification will get the sarfii@n point to contain at least one length measure value and not
benefits and a rival standard has been developed as 1SO 146n9re than three such values. We will not discuss why Cartesian
This specification uses a simplified form of the EXPRESS lafoint is defined in this way because this is a matter for geometry
guage, makes the communication of 3D models to the CNC ogxperts. The example is also the first to use the SUBTYPE key-
tional, and does not integrate data with the other STEP protocol¢ord.
This paper tries to understand the issues by describing the STER, .
approach to integration. First we describe the STEP data integfa?(PE length measure-REAL;
tion methodology. Then we describe the arguments that have b&P—TYPE; -- length measure
occurring over the STEP-NC specification for CNC control. FENTITY cartesian point

nally we conclude with a discussion of the possible future direc- SUBTYPE OF(point);
tions for STEP. coordinates : LIST1:3] OF length. measure;

END_ENTITY; -- cartesian point

The SUBTYPE keyword is followed by a list of the entities that
are to be the super-types of the new entity. For example, the

2 The STEP Methodology following code fragment defines a student nurse to be a subtype of
The STEP methodology for defining data exchange standard4'se and student. This definition constrains every instance of
contains three principal components: student nurse to have the type nurse and the type student as well

as the type studenhurse.
1. The EXPRESS language.

2. An architecture that maps the information requirements ENTITY student nurse

an application into a set of integrated resources. SUBTYPE OF(nurse, studeigt
3. Implementation Methods for a variety of technologies and rank  :  STRING;
programming environments. seniority : INTEGER,;

. END_ENTITY;
2.1 The EXPRESS Language. The STEP community in-

vented the EXPRESS language to model 3D geometry. It wasln an EXPRESS data population, every entity instance has one

decided that a new language was desirable because of the exggrmore types. Most data instances are defined by one type, but a

sive inheritance relationships that occur between geometric erignificant number have several types, and in STEP these are often
ties and because many mathematical rules can be defined to Vg most important entities in a model. All of the types must share
date 3D geometry. a common super-type. Therefore, in our example student and
EXPRESS defines information models as schemas. EagWrse must both inherit from a common type such as Person.
schema contains entities first, and ancillary type, function and rUfgovided this restriction is met instances can combine their types
definitions second. An entity is the EXPRESS equivalent of ia any way not just the ways described by a SUBTYPE expres-
relation in a database or an element in XML. The ancillary typsjon. The only exceptions are combinations prohibited by a SU-
functions and rules are defined to support the entity definitionlBERTYPE definition. The example below shows how a SUPER-
The simplest kind of ENTITY contains explicit attributes asT'YPE definition can be used to constrain the types that can be in

shown below. a person entity. The example defines a person to be a super-type of
a driver or a pedestrian but not both. Also, the person instance
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cannot exist on its own so it is defined to be an ABSTRACTation domains. The idea is to allow STEP to grow over time to
SUPERTYPE. include more information about the product life cycle. A list of the
ENTITY person data exchange standards currently defined for STEP is given in the
. Appendix. Each standard is called an Application Prot¢A#l) to
_ ABSTRACT SUPERTYPE OF(ONEOF (driver, pedes- istinguish it from other internal standards that define infrastruc-
trian)); . ture such as the EXPRESS language and the integrated resources.
END_ENTITY, The STEP data integration architecture requires a STEP Appli-

The EXPRESS inheritance model was defined to allow continGation Protocol to be developed in two phases. In the first phase
ous refinement over time. The initial STEP models defined a d&#8 Application Requirement ModéARM) is developed using an
exchange protocol for 3D geometry. The latest STEP models dformation modeling language. Today the language is usually
fine a data input language for CNC control. In the time betwedrXPRESS, but in the early days languages such as IDEF1X and
different teams of experts have defined the information requirB/AM were also used. The next stage maps the ARM model into
ments of design tolerances, manufacturing features, manufaci{ie integrated resources using mapping tables to create the Appli-
ing processes, manufacturing tooling and many other aspectsC8fion Interpreted ModeAIM). The resuilt is a much more robust
design and manufacturing. model. However, the following aspects of this process cause con-

The definition of manufacturing features shows why EXPRESECVErsy:

needs such a powerful model. A manufacturing feature can have The mapping tables are hard to understand. The notation
both a parametric definition and a shape definition. The parametric_ . pping : u : :
d in the tables is mathematical but not complete because ex-

definition describes the major properties such as a diameter L : ;
depth. The shape definition identifies the 3D surfaces that make%%’tmg it against the ARM model will not produce the AIM

the hole. In many but not all CAD systems, the shape will b detlr.] TQ;:& becgluse thﬁlAlt'\r/]l. rgc;)d?ll (t:ontalns more information

defined first by a designer as a cylindeith one or two faces an the ) mode(see the third bullg ] )

then the hole will be defined when a planner decides how much— The integrated resource models are normalized. This allows

material to remove in each drilling operati¢there can be sev- them to be expanded without affecting the existing AP's but it also

era). In other systems the planner may define the hole first inMB@kes the AIM models more difficult for applications to navigate.

design-by-feature operation and then geometry of the hole will be— The information definitions are expanded as part of the

defined implicitly. mapping. For example, a simple definition in the ARM such as
The requirement for strong rule definition in EXPRESS is alstshape” or “tolerance” is expanded in the AIM to the full defi-

motivated by the geometrical content of product models. The rulagion computed by geometry or tolerance experts.

can be simple such as a circle must have a positive radius, miIdIy.I.he definition of tolerances for the STEP-NC ARM model il-

complicated such as a loop of points describing a boundary Myirates the methodology. In an ARM model a tolerance can be

all be in the same plane, and very complicated such as the face_§e resented as a simple value that indicates the desire to use tol-

a body must be topologically connected and closed. The definiti : - S - L
of manufacturing features shows why EXPRESS needs such8 gneesina model without giving a detailed definition.

powerful model. A manufacturing feature can have both a par@YPE tolerancedlength_measureslength_measure;
metric definition and a shape definition as shown in Fig. 1. END_TYPE:
The EXPRESS language has four levels of rules: ENTITY round_hole

SUBTYPE OF(machining feature;

1. A rule is defined by the choice of data structure. For e .
diameter: tolerancedength_measure;

ample, if a circle is required to have a radius and center then this - ) .
can be determined by requiring both attributes in the definition of ~changein_diameter: ~ OPTIONAL taperselect;
the entity. bottom_condition: hole bottom_condition;

2. Arule is defined by a local expression. For example, if thefeND_ENTITY

is no positive data type then a rule can be defined in the context ofyhen round hole is mapped into the integrated resources it is
the circle by a simple expression such as “rad@s” _ necessary to describe a full definition for tolerances. There are at
3. Arule is defined by a global expression. For example, if @ast two weaknesses. First there is no definition for the upper and
data exchange protocol requires every circle to be associated W§{yer limits for the tolerance value for the diameter. This is rela-
a plane(because our definition so far is 2D and this protocol is fafyely easily fixed but the full definition is surprisingly compli-
3D datg then a global rule can be defined that assures such @ited because of the wide range of techniques used to define tol-
association exists for every instance of circle. _ erances by engineers. Second, there is no definition for the
4. Arule is defined by an informal propositidiEnglish lan-  tolerance for the position of the hole. This is more difficult be-
guage description This is the least desirable alternative becausguse the location of the hole is not shown in the definition. In-
of possible misinterpretation particularly in an International comstead it is inherited from one of the super-types. Such “missing
munity but necessary because some geometric properties sucifiges” occur quite frequently in ARM models because the devel-
the requirement for a solid to be closed cannot be reduced t®gers are considering the information requirements of an applica-
finite algorithm. tion from one perspective only. In this case the machining per-

Each level is harder to understand. The Level 3 language SRECtive. From this perspective it is desirable to model the
particular hurt the popularity of EXPRESS because it requiré%cat'on of each feature in a common super-type with coordlnate_s
predicate calculus style functions to search over an informatidhthe center of the feature and at the top of the stock because this
base for the existence of entities. This style of function is ndt NOW the machinist will measure the feature when the part is
familiar to engineers. Giving the calculus functions semi-familignanufactured. L .
sounding names was a compromise that suited nobody. A Ian_-'n the integrated resources a positional tolerance_ls modeled
guage called EXPRESS-X overcomes this problem by giving E vith respect to three datum faces. These faces are likely part of

PRESS an SQL-like ability to query an information base but it i§'€ model and probably define another manufacturing feature as
not widely used. shown in Fig. 2. However, it is also quite possible for them to

belong to another model such as a fixture. Plus each kind of fea-
2.2 The STEP Data Integration Architecture. The most ture needs its own kind of tolerances making it difficult for com-

important and controversial component of STEP is its use of mamon machining properties such as the axis to be inherited from a

ping tables and integrated resources to integrate data across amalinmon super-type. One of the advantages of the STEP architec-
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Fig. 1 EXPRESS Inheritance Example

ture is that it allows a team to define a detailed model of thei

The XML implementation method is new and interesting because
it may help bridge the gap between the ARM and AIM models of
STEP.

The XML binding is known as Part 28. There have been two
editions. The first edition defined three algorithms for mapping
EXPRESS defined data into XML data defined by DTD’s. Each
algorithm selected a different subset of the available information
and mapped it into an XML form without much concern for the
resulting organization. The idea was that the XSLT language
would be used to map the information into a desired organization.
However, the STEP information models are large and the XSLT
mappings became very difficult for third parties to understand so
the documentation of the STEP meaning of the XML became
unclear. As a result it was decided to try again using a language to
configure the STEP information into XML defined by XML
Schema.

The new language lets an information modeler annotate an EX-

unique requirements and make light reference to other informati
already known to be in STEP. This is widely accepted when th
other information is geometry, but more controversial when tH&S:
other resource is tolerance or PDM data. 1

2.3 Implementation Methods. Each STEP information
model is implemented by mapping the integrated definition of the 2.

ESS schema for the purpose of developing an XML Schema.
e language lets the information modeler configure three quali-

. Determine the owner element and child element in nesting

relationships.
Pick a tag-name for each element from the available EX-

PRESS names.
Pick a layout format for aggregate data structures.

model into an implementation technology.
The available implementation technologies include: 3.

__ An EXPRESS driven file format called Part 21. The advantage of the_config_uration language is that it can produce
. . . STEP XML data that is easier to read as the code fragment from
— A variety of programming language bindings that allow an\p_5(3 iy Fig. 3 perhaps demonstrates.

irinpaﬁ!lc?r?“s%rt]sp;ggrgggsesr \t/(;lggseri]niﬁ?ﬁlzir?sstagigge%ilnngior_ The configuration language lets an information modeler or ap-
have been developed for CAG- and Ja)\//a ’ r‘lﬂﬁ:ation developer tailor the description of the XML for an ap-
) ) ’ o _ plication either to make the data easier to read or easier to process.
— Anew configuration language for mapping EXPRESS intejowever, the configuration may also create incompatibilities be-
an XML Schema. tween models because one modeler may decide that X should be
The Part 21 file format is currently the most popular implemerihe parent of Y while the other decides the opposite. This negates
tation method. The programming language implementation me$eme of the value of the STEP integration architecture because
ods have been the inspiration for a number of tool kit productsode written for one model will not be applicable to the other
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Fig. 2 A hole position tolerance with two of its three datums shown
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EXPRESS (Simplified AP-203) Part 21 (first)
XML after configuration (second)

ENTITY product; -- Part 21
id : identifier; #34=PRODUCT(’prod’, ’A Product’);
name : label; #35=CC_DESIGN_PERSON_AND_ORGANIZATION_ASSIGNMENT(#3
END_ENTITY; -- product 6, #37, (#34));
#36=PERSON_AND_ORGANIZATION(#38, #39);
ENTITY person_and_organization_assignment #37=ROLE(’design_supplier’);
ABSTRACT SUPERTYPE; #38=PERSON(’Smith’, *John’);
assigned_person_and_organization : #39=ORGANIZATION{WidgetsUnlimited ’Stuff Made’);

person_and_organization;
role :person_and_organization_role;

END_ENTITY; -- XML after configuration

<product id="i34">
<id>prod</id>

ENTIrY N . <name>A Product</name>
cc_design_person_and_organization_assignment <desien supplier>
SUBTYPE OF &n._supp

<last_name>Smith</last_name>
<first_name>John</first_name>
<organization>WidgetsUnlimited</organization>
<org_type>Stuff made</org_type>
</design_supplier>
</product>

(person_and_organization_assignment);
items : SET [1:?] OF product;
END_ENTITY;

ENTITY person_and_organization;
the_person  : person;
the_organization : organization;

END_ENTITY;

ENTITY person;
last_name : OPTIONAL label;
first_name : OPTIONAL label;
END_ENTITY;

ENTITY organization;
name : label;
description : text;
END_ENTITY;

Fig. 3 STEP data in XML as defined by Part 28 Edition 2

model unless the processor understands the configuration lanwhether as an object model or as an Application Protocol,
guage. It remains to be seen whether this will be acceptable to ®€EP-NC is intended to replace an existing language for machine

STEP community. control known as RS274D in the USA and ISO 6983 in the rest of
the world. In RS274D a part program is described as a sequence
3 STEP Integration and STEP-NC of linear and circular tool movements. There is no information

The STEP-NC model defines a CNC part program as a seriesat!?PUt. the part being machined, the tool requnrements, or the fea-
operations that remove material defined by features. The featufdes In the data so the only strategy that a ma(_:hlne tO.OI controller
supported include holes, slots, pockets and removal volumes §&0 USe to make the part is to execute each instruction as accu-
fined by 3D surfaces. Each operation contributes to the manuf4gtely as possible. This has lead to a machining environment
ture of a feature by defining the volume of material to be ravhere many machine tools quite literally rgsemble dllnosaurs. be-
moved, the type of tool required and some basic characteristi@!se they compensate for their small brains by being as big as
such as whether this is a roughing or finishing operation. TH®ssible so that they will be as rigid as possible when they execute
operations are then sequenced into a work plan that converts the G code instructions. It has also ensured that manufacturing
stock into the final part. The work plan may be sophisticated ag@ntinues to rely on drawings because people cannot understand
include conditional operations that depend on the results of prdbe intent of RS274D files.
ing operations, and it may be divided into sub-plans to be ex- Figure 4 shows how the design to manufacturing process can be
ecuted concurrently on machines that have multiple cutting hea@splemented using STEP-NC. Design creates the specification for

STEP-NC Controls

- Planning + * Manufacturing |
A STEP IS STEP-NC A
| (AP-224*) (AP-238) |
75% — 35% faster L o 50%
faster . NSO, faster
Same geometry

*224 is best, 214 next best, 203 acceplable provided process planning includes feature recognition

Fig. 4 STEP-NC defines a new interface between Planning and Manufacturing
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Table 1 Summary of differences between the STEP-NC models

STEP EXPRESS 3D Design
Compliance compliance Geometry Integration Complexity
AP-238 Full Full Required Full More
ISO 14649 Partial Partial Optional Little Less

a product. Planning decides how to manufacture the product. graphical interfaces on the CNC. The integrated STEP
Manufacturing controls production. The job of design can be as- model makes these interfaces more powerful because each

sisted using a CADComputer Aided Designsystem. The job of working step can be shown in the context of the part feature
planning can be assisted using a CAMlomputer Aided Manu- it manufactures, the current geometry of the part and the

facturing system that may or may not be part of the same inte- tolerances required by that geometry. In the ARM model
grated system as the CAD system. The job of manufacturing is these features, geometry and tolerances are not available so
usually controlled using a CN@Computerized Numerical Con- they cannot be shown.

trol) system. STEP-NC allows the systems to be given new inter-b. High Speed CNC's already make extensive use of caching.
faces so that full fidelity 3-D geometry annotated with all the If the integrated model is slower to parse then this can be
necessary manufacturing information is sent into the manufactur- overcome using another level of caching.

ing control. c. The SC4 integrated resources are normalized to make them
Sending full fidelity 3D data into the controls has three funda-  easily extendible. If specific weaknesses can be identified
mental advantages for manufacturing industry: then they should be extended for manufacturing. However,

. - the editors of the STEP-Manufacturing Application Proto-
1. It makes developing a CNC part program more efficient be- .15 (Ap_224, AP-219 and AP-240 in addition to AP-238
cause the machining instructions can be defined more con- have not yet ,identified any weaknesses.

cisely. (In 3-D a command can be “rough mill this pocket”
instead of move the tool to this location, then here, then hereThe difference between the models is illustrated most clearly by
eto. the link between features, geometry and tolerances. In the SC4
2. It allows a CNC to optimize and check a part program fomodel, the tolerance data is defined by the GD&T model devel-
the tooling available at the time of manufacturing instead afped for AP-203 Edition 2, AP-214 and AP-2&ke Appendix for
having it fixed at the time of planning so manufacturing cathe title of these AP’%s This allows an application program to
become more efficient, safe and flexibl#/ith 3-D data the traverse the data from a feature, to the faces in that feature, to the
control can analyze what is possiple design tolerances that apply to those faces, to the datums that
3. It eliminates the requirement for drawings on the shop floalefine the tolerances, to the plane that defines each datum, to
because a STEP-NC file describes both the process and émether feature that contains a face on that datum plane and so on.
part including all the required tolerance@\n intelligent The SC4 team argues that the differentasnmarized in Table
browser can give the operator more information than a draw) matter because they affect the fundamental business benefits. If
ing). the STEP-NC model includes the STEP tolerance model then

) there will be greater traceability between design and manufactur-
However, there are two STEP-NC models: the ARM model,, “gimijarly, if the STEP-NC model uses the STEP model for

developed by ISO subcommittee TC184/SC1 as ISO 14649 nufacturin : ;
; g features then CNC programming systems will be
?g éls'g [Il_}?deAleﬁvelogeld by ISOhsug_croEn;mlttee TC184/dSC|:4 le to receive these features from design or manufacturing.
290, [he mode! reuses the geometry models ajfli-qiy if the CNC machine tool receives the design product

is harmonized somewhat with the STEP feature model, but it hﬁﬁ)del then there are many quality checks that can be performed

its own model for tolerances and PDM. ; Vg
The SC1 team started STEP-NC and was attracted to the Egg the machine tool such as determining if the selected tool and

PRESS language because CNC control is a complex domain r eeds and feeds will produce the right surface finish.
quiring complex data definitions and STEP has a definition for

NURB surfaces. However, they decided to not use the full inher- o

itance model of EXPRESS and made only light use of the rufe Current Status and Future Directions

language. Originally they did not call their new object model STEP gefines a large Entity Relationship model for product
STEP-NC either, but found the models popularity increased cofata and then uses subsets of that model to exchange data between
siderably when they adopted this name. However, they nevgfyjications. The main advantage of this approach is that data is
planned to use STEP integration and this is now a big issue Bgysed across application domains. The main drawback is that a
tween the teams because the SC4 team can claim that SC1 8% effort is necessary to get consensus on which entities are
adopted its “trademark” without following the conventions thalygcessary for each domain. This can make the standards seem
give the trademark meaning. , more complex than necessary.

The SC1 team argues that it should not have to use mtegratlorEveryone agrees that AP-238 is more functional than 1SO
for the following reasons: 14649. Therefore, it would be better if industry implemented AP-

a. The object model describes data that is easier for a persorf&s Put SC1 argues that it will not because of the extra complex-

read and hand-edit using a text editor. ity. Over the years STEP has learned the following about deploy-
b. The object model describes data that can be parsed mBtgnt of its Application Protocols:

quickly which is an important advantage for high-speed ma- — The protocol must deliver usefiihon-trivial) data from a

chining. b -
c. The SgC4 integrated resources were not designed for manu- S€Nding system to a receiving system.
facturing. — The protocol must describe its data in a manner that lets
algorithms in the receiving system process that data deter-
The SC4 team counter argues as follows: ministically (protocols thatrequire attributes are easier to

a. Both models describe data that is too difficult for an average ~ Process than those that allow attributes toop&ional.
machine tool operator to hand edit so there will have to be — The protocol must have well defined rules to distinguish
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between good data and bad data so that systems that sgralv further it must adopt an XML file format to make its data

bad data can be identifiethad receiving systems are self-more understandable. The Part 28 Edition 2 specification is show-

eviden). ing the way but it is also shows that the price of making the data
— The protocol must have at least one conformance ¢lass More understandable may be a return to islands of automation.

subset defined in the standatHat is easy to implement so  Others argue that before STEP can be applied to larger prob-

that early success can be demonstrated to managementlems it must become more modulaf]. In this proposal Applica-
on Protocols are rapidly constructed by users from a library of

odules that each implement a unit of functionality. Today these
Therefore the fourth rule mav be the kev to im Iementincmms of functionality are developed by the STEP modelers for
y y P ach AP as part of defining the ARM model. Teams within STEP

STEP-NC as AP-238. hen ensure compatibility between the units by identifying com-

In AP-203 the simple conformance class allowed 3D models¥ o . o
. nalities. The new proposal is to develop the units in advance as
be exchanged as facets. Moving data between CAD system rﬁ h ARM and AIM models and then assemble them as necessary.

this way is not very useful because such data can be moved u . - L
VRML and STL. However, the value of the simple conformanc mains to be seen if the module developers can usefully antici-
' ! e the requirements of the AP developers in advance.

class was that it allowed the CAD vendors and users to show eaﬁ’@t L . -
nother promising line of research is to combine aspects of the

success to management. After this was achieved permission wa dules initiati d th impl : hod |
given to tackle the more difficult problem of moving full fidelity M0dules initiative and the XML implementation method. Early
3D information between systems. results are showing that STEP data can be divided into many

AP-238 deployment can use the same approach by definin mall fragments ea_lch with an XML S_chema definition and an
conformance class for tool paths. Moving data in this way is al DF catalog description. The Appll_catlon Protocol then_assures
not novel because RS274D already defines tool paths as M an@iof the fragments add up to a valid model for processing on a
codes. However, value will be added because the tool paths carf®® such as a CNC. In this approach the XML and RDF can be
associated to features and design data so more powerful editifigfributed across multiple directories and organizations leading to
and tracking will be possible. Plus the technology to convert tig@me interesting search and integration applications. For example,
tool paths back to M and G codes is not difficult so there is mudfrganization A might define and maintain the data for operation 1,
less risk for the early end user. Organization B might do the same for operation 2, and Organiza-

After the initial Conformance Class has been implemented th&Rn C might maintain the design and final assembly data. A search
the community can progress into the more complex feature driveéAgine might then test this data and create the associations re-
conformance classes. Gradually considering all the interactiofigired to define a complete product.
that can occur between the different kinds of features until anyIt remains to be seen what will happen next. Soon after the
kind of feature based CNC model can be passed between guecessful definition of AP-203 it was asserted that STEP could
systems. The same activity occurred for AP-203 after the initiabt be extended into CAM without defining new methods for
success with facetted models. In its case the range of geometgipresenting processes. This was not the case. Now there are ques-
representations was gradually increased until all reasonable diaths over whether STEP can be extended into the maintenance
accurately defined geometry could be passed between CAD sgbase of the life cycle without new additions. What they might be
tems. and whether they will prove to be desirable or necessary remains

If STEP-NC is successful then there will be several more yeais be seen. Itis undeniable however that as STEP grows to include
of STEP development as STEP-NC models are created for mangre functionality it will become more complex, but with the new
different CNC controlled manufacturing processes. After that th&VL implementation methods it may become easier to hide this
path for STEP is not so clear. Some would argue that for STEP¢omplexity from beginners.

AP-238 is an order of magnitude more complex than AP-2
because it contains both design and manufacturing informati

Appendix—STEP Application Protocols Part 220 Printed Circuit Assembly

Part 201 Explicit Drafting Manufacturing Planning

Part 202 Associative Drafting Part 221 Functional Data and Schematic
Part 203 Configuration Controlled Design Representation for Process Plans

Part 204 Mechanical Design Using Boundary Part 222 Design Engineering to Manufacturing
Representation for Composite Structures

Part 205 Mechanical Design Using Surface  Part 223 Exchange of Design and
Representation Manufacturing DPD for Composites

Part 206 Mechanical Design Using Wireframe Part 224 Mechanical Product Definition for
Representation Process Planning

Part 207 Sheet Metal Dies and Blocks Part 225 Structural Building Elements Using

Part 208 life Cycle Product Change Process Explicit Shape Rep
Part 209 Design Through Analysis of ComposiRart 226 Shipbuilding Mechanical Systems

and Metallic Structures Part 227 Plant Spatial Configuration
Part 210 Electronic Printed Circuit Assembly, Part 228 Building Services
Design and Manufacturing Part 229 Design and Manufacturing Information
Part 211 Electronics Test Diagnostics and for Forged Parts
Remanufacture Part 230 Building Structure frame steelwork
Part 212 Electrotechnical Plants Part 231 Process Engineering Data
Part 213 Numerical Control Process Plans for Part 232 Technical Data Packaging
Machined Parts Part 233 Systems Engineering Data
Part 214 Core Data for Automotive Mechanical Representation
Design Process Part 234 Ship Operational logs, records and
Part 215 Ship Arrangement messages
Part 216 ship Molded Forms Part 235 Materials Information for products
Part 217 Ship Piping Part 236 Furniture product and project
Part 218 Ship Structures Part 237 Computational Fluid Dynamics
Part 219 Dimensional Inspection Process Part 238 Integrated CNC Machining
Planning for CMMs Part 239 Product Life Cycle Support
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computing environment. With the aid of such a system, assembly-
induced design conflicts arising from the outsourcing of design
activities can be identified and resolved in the early stages of
team-based design.

Unfortunately, successful development of a collaborative as-

A Web-based Product Structure sembly modeling system is seldom reported in the literature. Nev-
ertheless, there still exist two parallel types of collaborative CAD

Manager to Support Collaborative system, though very few, that somewhat support collaborative de-

Assembly I\/Iodelmgl Elg]:eg%lxlge:)}s?:gsly, CAD conference systems and Internet-

CAD conference systems enable designers to hold virtual de-
Li Chen,2 Tingjin Wang, and Zhijie Song sign meetings via the Interngt,2]. In such systems, audio and
The University of Toronto, Design and Manufacturing video communications are two typical modes to support interac-

. . tions among designers. These systems also provide a shared
Integration Laboratory, Department of Mechanical “whiteboard” that allows designers to collaboratively view and

and Industrial Engineering, 5 King's College Road, annotate 3D objects. Although they support collaborative reviews
Toronto, ON, Canada M5S 3G8 of 3D models, the systems do not lend themselves to real-time
e-mail: chenl@mie.utoronto.ca CAD modeling activities. On the other hand, Internet-based CAD
systems have been carefully designed to enable designers to ac-
cess a feature-based 3D modeling system via the Intg8red].
Although such Internet-based CAD systems make it possible for

s - I ) CHistributed designers to share a feature-based CAD system, the
aided design processes among distributed deS|gne_rs are gainig, e of real-time multi-user interaction has not been addressed in
more and more attention. Yet, such systems, especially in SUpQ%Eth

of collabore_ltive as_sembly modeling, are hardly achieva_ble. In an To fhis end, our research effort is underway toward an Internet-
lef{)ort ttc_n brlcc:igeD this tgap, V\f[ﬁ are detdggted to dt()elvelopljngl_ a Cc%’qnabled colllaborative CAD system dedicated to platform-
aborative system with aim a assembly modeling. ! ; :

part of this effort, this paper addresses one function module of t dependent 3D assembly modelipg,7]. The main goal is to

; ovide a team design environment enabling a group of designers
system, a Web-based Product Structure Manager, which ena S%OIIaborativer build an assembly model in real time. As part of

the Collaborative Product Structure Management (CPSM) in co his effort, this paper addresses one function module of the sys-

laborative assembly modeling. In particular, CPSM facilitateEes
F

Sci. Eng.,2(2).

product data sharing among distributed designers and suppo m, a Web-based Product Structure Manager, that enables the
collaboration in product structure creation and modification. A Oliabarative Product Structure Managemt@PSM in collabo-

bench clamp assembly is used as an example to illustrate trﬁ:léive assembly modeling. In particular, CPSM facilitates product

Product Structure Manager for supporting collaborative assemb ta sharing among distributed designers and supports collabora-
modeling. [DOI: 10.1115/1.1666894 on in product structure creation and modification.

Two specific considerations have been incorporated in develop-

Keywords: Product Structure, Product Data Management, col™® the Product Structure Manag]. That is,
laborative Assembly Modeling, Collaborative CAD, STEP » Heterogeneous application systems and data formats are be-
ing used by designers
» Designers are situated in different areas of the world

1 Introduction In this context, STEP standafé] has accordingly utilized to ad-
Usually real-life product design is carried out by a group ofiress the first issue; meanwhile, the Product Structure Manager
designers based on teamwork. However, most of the availalbias been settled as a “Web-based” function module to accommo-
CAD software only supports solitary design activities of a singldate the second issue.
The rest of this paper is organized as follows. Section 2 de-
IModified from the paper presented in the 2003 ASME/DETC-QPaper No.  SCribes basic concepts and components in the framework of
DETC2003/CIE-4826p CPSM. Sections 3 and 4 elaborate the activity and data models of
“Corresponding author. CPSM, respectively, that are built upon IDEFO technique and

Contributed by the Engineering Informati¢&IX) Committee for publication in ;
the DURNAL OF COMPUTING AND INFORMATION SCIENCE IN ENGINEERING. STEP standard. In Section 5, a prototype of the Product Structure

Manuscript received September 2003; Revised December 2003. Associate Editof/iNager is addressed with emphasis on 3-tier client-server archi-
Szykman. tecture and function implementation. Section 6 illustrates the ap-
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plication of the Product Structure Manager, through a design ex-
ample, to a collaborative assembly modeling scenario. The paper
is concluded in Section 7.

Fig. 2 Product structure of an office chair

2 Basic Concepts and Components « Link product definition data to a product structure;

Collaborative Product Structure Managemé®PSM refers to  Allow various domain-specific views of a product structure;
an approach and means to collaborative computerization of prod- and . N
uct data in support of collaborative assembly modeling. With it, * Transfer product structure and other data in both directions
distributed designers can collaboratively create and modify the between the PDM and ERP systems.
product structure to form design variants synergistically. At this
point, the Web-based CPSM system should make it achievable t®.3 Configuration Controlled Design and Management
seamlessly share and exchange product data in a worldwide sc®pe product structure forms a basis to support configuration-
with ease and efficiency. controlled design and management tasks. Configuration is a pro-
CPSM involves activities relating to many aspe@issubjecty  cess of selecting and maintaining a set of components and their
which form a framework of CPSM as shown in Fig. 1. Thigelationships, which is contributive to forming a design solution
framework also provides a basis for constructing both activity ad1,12. The primary task of configuration management is to en-
data models of CPSM. The basic components/concepts involv&dre that a complex product, when designed from detailed speci-
in this framework are described below. fications, is realized as intended. The configuration management
involves four main activities: configuration identification, con-

b zid PrOdeCt Stru(;:ture.l _Pr?dUCt ?jtructur:e IS a hlera;chlczlﬁ uration change control, configuration status audit, and configu-
reakdown of a proguct. It Is Tocused on the aspects of pro "H%ion review. It is therefore a widespread process involving in-

design that define a product in terms of nested decompositionyg,j e information and extensive activities. In this context, this
gse ;é)rriggoi?e;r:(sj' Ea"’:]cglggnggogsirgcis;zg%;ﬁhkg;‘r’]vg gicrgs::r'ﬁsat is concerned with only the data relating to design and man-
as CAD/CAE files. Figure 2 illustrates an example of the produc ment of 3D product configurations in & product family.
structure ofan office chairtogether with its meta-data and asso- 2.4 Collaborative Product Structure Management. Col-
ciated documentatiof®]. Therefore, except for the meta-data of daboration applies to a process in which a group of collaborators
product structure, product definition data, such as 3D models, 2irk together to synergistically achieve a common goal. The no-
drawings or process planning documentation of parts and assdion of collaborator is context dependent and can be referred to an
blies, are linked to each component in a product structure. Thiglividual, a team or an organization. Oftentimes, the collabora-
linkage provides a rapid and efficient way for locating desigtors are geographically dispersed. Nowadays, the collaborative
information and tracking design chandesrsions and variations product development approach in team paradigm has been widely
encouraged and adopted in industry. Essentially, there are two

2.2 Product Structure Management. Product Structure ; ; ; :
) o e main functions that must be supported in a computerczgldbo-
ManagementPSM) is a term describing the activities needed t‘?a}[ive design process: PP P

handle a product structure. Since a product structure is part 0
product information in the entire product development process, itss Document Sharing-Collaborators can view and edit docu-

studies have received close attention recently and the results have ments that are stored in a common space but may originate
been integrated into state-of-the-art enterprise information sys- from multiple geographically dispersed systems. These docu-
tems such as PDM systerfis0,11]. According to CIMdatd 10], ments can be dynamically updated in real time.

PSM facilitates the design configuration and management. Ase System Sharing-Collaborators can share a common system to
configuration changes over time for a product, the PSM systems create or modify product data. For example, sharing a PSM

can track design changes, versions, affectivities or evolutions. In system enables collaborators to access available functions of

short, the PSM serves as activities to the same system to manipulate product structures.
 Facilitate creating and managing product configuration;  Note that embodiment of the above collaborative functions should
 Track versions, affectivities and design variations; depend on domain-specific applications. Therefore, in application
68 / Vol. 4, MARCH 2004 Transactions of the ASME
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to the collaborative assembly modeling aided by CPSM, the Distributed Product Stictir
functions are further specified as to fulfill the requirements ¢ e Manager
CPSM on top of the traditional PSM, namely, Purpose
To model the process for a collaborative product structure managementsystem
* Product Data Sharing-Product data that are generated on t| i erderto extractthe funciors and their interfaces
erogeneous CAD platforms can be integrated and shar . ]
R Viewpoint
among collaborators; and User provided functiors AD

¢ PSM System Sharing-The PSM system is open to each c=
laborator, enabling collaborators to perform the PSM activi-

ties synchronously and interactively. Fig. 4 Context diagram of CPSM

To this end, CPSM is defined as a collaborative process for the
Product Structure Management among/across a group of collabo-

rating participants. In fact, CPSM may be viewed as the result of o )
combining collaboration features into the traditional PSM. Structure Manager. Specifically, the function, named “Collabora-
tively Manage a Product Structure,” forms the context of the ac-
- tivity model, together with another five function components rep-
3 CPSM Activity Model resenting the data and object interfaces of the system to its
In this section, IDEF@)technique is used to create the activityenvironment: “Product Information,” “Product Structure,”
model of the Product Structure Manager in three steps accordifRroduct Specification,” “Distributed Design Team,” and “Prod-
to Fig. 3. uct Structure Manager.” As indicated in the diagram, this model
STER 1.Creating  Context DiagamTo begin i, tre con- BUBETLe model e CESM prcess o etact e nclons o
text of the Product Structure Manager activities is prescribed IWm a svstem user's view ojr>1lt 9
terms of purpose and viewpoint, thus profiling the development 0 Y P
the activity model. Figure 4 shows the context diagram of CPSM, STEP 2-Creating the Topmost DiagramThe context diagram
denoted A-0, in which the single box defines the overall functiopounds the context of the Product Structure Manager. To embody
that covers an entire scope of the functionality of the Produttie overall function defined in A-0 diagram, the diagram in Fig. 5,
denoted A0, shows how the function in Fig. 4 can be decomposed

3Information about IDEFO standard is available on http://www.idef.com. into four major sub-functions, denoted Al through A4, as follows:
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Fig. 5 Topmost diagram of CPSM
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Fig. 6 EXPRESS-G Model of project management UoF

Define a Projec{Al): A live session is started where partici-unique to a specific application, tt@vneridentifies ateam to
pants initiate collaboration in product structure related activiwhich this project belongs. Thebout product specifies a
ties. product_model with which the collaboration is concerned. Each
- Create a Product StructuréA2): Participants, with assigned instance of theoroduct_model may have a set ofariants (af-
privileges, collaboratively create a product structure acrossikated to a product family each in turn consisting of its constitu-
family of products. entparts. Thehas participantsspecifies theeams participating
« View the Project and Product Structuf@3): The resulting in the project. _ o _ )
project and product structure information are made available The team itself is an abstract entity with a uniqueam_id
and accessible to each participant. attribute. There are two kinds of team in consideratdi@nt and
Manipulate the Product Structui@4): Participants can track design_team. Both teams could have a single or multiple in-
the product configurations and access the definition data sitinces ofole, and be responsible for a setgdrts pertaining to
each component through an index. a specifiedvariant. Similarly, role is an abstract entity whose

STEP 3-Creating Child Diagram. To elaborate the functions instance is either the instance obordinator or the instance of
of the Product Structure Manager, decomposition of each functigﬁs'gn—rme' In turn, de3|gn_rol_e itself is a super type otle-
(within the AO diagram into more child diagrams is performedSi9ner andteam_leader. Each instance ofole belonging to a
subject to the IDEFO modeling protocols. This process continugBeCific instance ofeam is allocated to an instance aser.
until the content of each child diagram reaches the level of detailgj| of \aterial and Part Identification. As shown in Fig. 7,
at which further clarification on a function is no longer necessar,
As a result, a complete activity model can be finally obtained f
the Product Structure Manager.

Bill of Material UoF contains five application objects, namely,
céﬂternate_part, substitute_part,  engineering_assembly
engineering_next_higher_assembly and
engineering_promissory_usage On the other hand, Part Identi-
4 CPSM Data Model fication UoF includes three application objects, namelgrt,

To further capture the information contained in the resultingart _version, and design_discipline_product_definition.
activity model, EXPRESS and EXPRESSIE3] are used to de- These objects not only convey the information essential in creat-
scribe the data model of the Product Structure Manager. In gefg the structure of a specified product, but also capture the rela-
eral, this data model, which is built upon the STEP standafgnships that associate product definition data with their compo-
[8,14], consists of two levels of abstraction in tvyo models: Applihents in the product structure.
cation Reference Mode(ARM) and Application Interpreted  Ap engineering assemblyis defined by a set of attributes such
Model (AIM). as security_code parent_componentand child_componentThe

4.1 Application Reference Model(ARM). This model is parent_componenspecifies the parent constituent of an assembly,
defined upon the basis of ARM of AP2(35] and thus used to and thechild_componenthe child constituents of the assembly.
describe basic application objects of concern. The ARM contaiitfiese constituents in turn are defined by
24 application objects that are distributed in four Units of Funaesign_discipline_product _definition.
tionality (UoF), namely, Project Management, Bill of Material, An instance of design_discipline_product_definition has
Part Identification, and Design Information. several attributes as described in the following. Bieeipline_id

Project Management. As shown in Fig. 6, Project Manage- attribute uniquely identifies an object. The optionatl_filename

ment UoF contains 12 application objects that capture the infcttrioute specifies the design documents containing product defi-

mation required for project creation, tedmse) management, and Nitions.  Each instance ofpart is identified by a unique
product family creation for a specified product. part_number attribute and may have more than one

In Fig. 6, theproject entity consists of several attributes, in-part_version. On the other hand, an instance drt_version
cluding project_id, name, description, creatiomate, owner, is defined by one or more instances of
about_product and has_participants While the project_id is design_discipline_product_definition.
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Fig. 7 EXPRESS-G Model of bill of material and part identification UoFs

Design Information. Design Information UoF includes four multiple instances ofdesign_discipline_product_definition.
application objects, as shown in Fig. 8, which convey informatiofincespecificationis an abstract entity, eacpecificationinstan-

on the specification of aproduct The

instance of Cceis

either a design_specification instance or a

additional _design_information contains add-on information, Material_specificationinstance.

which is a collection ofspecification instances, for a single or

Design_discipline_
praduct_definition

o

Intormation_tor [1:7]

Additional_design
_infarmation

Consists_of [1:7)

(]

specilication_source

© (ABS)Specification specification_code

Design_specification Matenal_specification

Fig. 8 EXPRESS-G Model of design information UoF

Journal of Computing and Information Science in Engineering

4.2 Application Interpreted Model (AIM). This model is
nothing more than an EXPRESS based information model that
formally describes the application objects according to the exist-
ing definitions available in the STEP library. AIM represents the
same set of information as ARM does but its focus is on the lower
level of abstraction. In this work, both AIM and ARM share the
same EXPRESS model for the Project Management UoF. Apart
from those in the Project Management UoF, entities in AIM are
built into two schemas, produatefiniton schema and
product structure schema, each providing one specific aspect of
product definitions. The detail definition of each entity in these
two schemas can be referred to AP Q3].

Product Definition Schema.The entities defined in
product definition schema contribute to a generic representation
to convey how a product can be described by a set of definitions
and be grouped by available versions. Figure 9 illustrates, in this
schema, the identification and definition of a product, the group-
ing of multiple versions of a product and the definition of rela-
tionships between products.

In the engineering environment, a product may be viewed as
the identification and description of a physical object. This kind of
objects is all defined as instances of feduct entity, each of
which is characterized by several attributes sucidasame, de-
scription andframe_of_reference

The purpose of theroduct_definition_formation entity is to
support the identification of a specified version of a product. The
of_productattribute ofproduct_definition_formation specifies
the product it belongs to.

STEP uses product_definition to provide a specific
life_cycle_stageview for the product data whose attributes &te
description, formatiorandframe_of_reference Thus the associa-
tion between product_definition and
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T T schema in EXPRESS-G format.
In Fig. 10, product_definition_usageis a sub-type of the

desorption name | O product_definition_relationship ~ entity. ~ Its  sub-type,
J l frome_oi refrence S[1: 7] PR assembly component_usage is defined to describe the assem-
procuct - .r bly relationship of a product in terms of its lower-level compo-
id . LD nents. This entity, on the other hand, is a super-type of another
of procuct e _of_reterence 112] desipton  documentation & STL g1 entities  representing  different assembly  relationships:
| quantified_assembly component_usage next_assembly_
crodud_defrifion _ prochict_defirition usage occurrence  promissory_usage occurrence  and
_brmaton [ omanon | PO Uc ARl | oLwih_fssodated. specified_higher_usage occurrencg which are discussed as
7 follows.
L —— The quantified_assembly_component_usageentity indicates
how many components are required to make an assembly. The
rebingproduct_edrition reference designator attribute inherited from

assembly component_usage uniquely identifies each compo-
nent according to a proper reference assigned. The
next_assembly usage occurrence entity specifies the relation-
ship between a child component and its immediate parent assem-
bly in a product structure. Instances of this entity in the same
Fig. 9 Product definition schema in EXPRESS-G format assemb|y can be grouped to construct a one-level
Bill _of_Material (BOM) structure. Consequently, a multi-level
BOM structure can be formed by appropriately concatenating all
product _definition_formation is established through tHerma- levels of next_assembly usage occurrence instances. The
tion_attribute. Each instance WOdUCt__deﬁnition may relate to promissory_usage_occurrence entity specifies the relationship
an instance ofdocument that contains, for example, a CAD pepveen a component and an assembly if the assembly is not the

model through its sub-type . . e
product _definition_with~_associated documents Each  in- immediate parent of the component. This is often used when the

stance oHocumenthas arid that uniquely identifies its source of product structure is not completely defined but it is clear that the
the file. component belongs to the assembly. Also, the

An instance ofproduct_definition_relationship characterizes specified_higher_usage occurrence entity specifies the recur-
the relationship between instancespedduct _definition within a ~ sive relationship between a component and an assembly if the
product. Based on the same product definition, the relationshipagsembly is not the immediate parent for the component.

the parent-children elements would be specified as an instance ojl 3 Mapping From AIM to ARM.  ARM and AIM describe

the product _definition _relationship entity. Using this entity as - S
a reference, product structure schema can be further establisbheeg;ﬁ::neA;el\tA osf 'Qiﬂrignsatimgrgg[:gﬁrfgt Jﬁ;n%seﬁg diLe\tQ?li g/;e
and described (in the next section The attributes of aﬁd AIl\,ll descrik?es those entities con\?e ing the inforn?ation ré-
prod.uct_definition_re]qtionship include id, name, Qgscription, quirements in terms of generic resourcesyinglow level. In view of
relating_product_definitionandrelated _product_definition the implementation of the Product Structure Manager, ARM
Product Structure SchemaTo convey how a product is com- would be embedded in the form of tables in a relational database
prised in association with other information, product structurend AIM be incorporated in STEP physical files. At this point, a
schema is defined to describe a compositional relationship of thapping from AIM entities to ARM objects is needed accord-
product. This relationship is a  sub-type ofingly.
product_definition _relationship defined in productdefinition The mapping is defined in such a way that every object in ARM
schema. Figure 10 exhibits the relationships among entities of tkisuld be obtained from one or more AIM entities. As an example

procuct_dednifion | = scipton

_relllonship

i e

i i _
rocuct_dedintion_schem aproduct ¥ procuct_defintion_

} definition_relation ship ! usEge

1 i

reference_designaor

upper_usege

1 1
muant fied_sszembly
_component_usage i

Promiss0ry_usage
_OCCUmence

Pecd_aszembly_usage) red_usege I;pu;iﬁuj_ﬁg-cr_umgc
_ocanrence | _OCCUPENCE

Fig. 10 Product structure schema in EXPRESS-G format
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Table 1 Mapping table-bill _of _material UoF

ARM ELEMENT AIM ELEMENT SOURCE REFERENCE PATH
ENGINEERING _ assemblycomponentusage 44

ASSEMBLY

parent component productdefinition 41

child_component producidefinition 41

security_code securityclassification level 44

ENGINEERING_NEXT_ next assemblyusage 44

HIGHER_ASSEMBLY occurrence
reference designator

reference designator

ENGINEERING_
PROMISSORY USAGE

ALTERNATE_PART Product

SUBSTITUTE_PART Product

assemblgomponentusage. 44

next assembly usage occurrence=

assembly componentusage
assembly componentusage.referencalesignator

promissory usage occurrence 44

41 product

{produck -

alternate product relationship.alternaje
41 product

{product definition_usage=
assembly componentusage<-
assembly component usage substitute.substitufe

shown in Table 1.engineering_assembly an ARM object, is
mapped from assembly component _usage in AIM, while
engineering_next_higher_assembly is  obtained from
next_assembly usage occurrence

5 Implementation of Product Structure Manager

The CPSM STEP server is composed of several main function
modules. Of these modules, STEP Loader, coded -+CQupon
ST-Developer from STEPTOOLS™ supports two main functions:
up-loader and parser. While the up-loader uploads STEP physical
files from distributed heterogeneous CAD systems to a temporary
location on the CPSM central server, the parser analyzes the up-
loaded files and stores the resulting instances of the STEP-

_Based on the activity and data models obtained, this sectiggmpatible non-geometry product data in the CPSM database. The
discusses the implementation of CPSM through a prototype of t8g e three modules-project management, product structure man-

Product Structure Manager.
5.1 Manager Architecture. Figure 11 displays three-tier

agement, and product structure graphic tree viewer-support func-
tions in collaboration such as collaborative creation, modification

client-server architecture for implementation of the Product Strugnd deletion of a proje@) and the related product struct(se
ture Manager. According to this architecture, the Product Structuféese functions are implemented using Java programming lan-
Manager is based on two kernels: CPSM STEP server and CP§Nhage.

database.

CPSM System client

Cliend Gloabal Sfes

CPEM STEP Sover

Java Application Sonar
(BEA Webl ogic)

On the other hand, the collaborating participants can access the

i
j

Pinjec! Management

2
Product Structure Manasgement i i
Product SSructure Viewor - T E
b EE
(=]

-

STEP physical file

Fig. 11 Three-tier client-server architecture of product structure manager
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Fig. 12 Architecture of STEP loader

client-side GUI of Product Structure Manager through a Welthe parser and then stored in the system database. The
browser. In this architecture, ROSE library API, which is a colinformation-extracting module of the parser is written in-€
lection of C++ class definitions provided by ST-Developer, isipon ROSE library.

used for STEP file access and Java for database access and GH Fig. 12, the parsing action is done through a user interface
implementation. The whole system is built upon a platform usinghplemented in Java. Therefore, Java Native Interfaliél) is

such development tools as Oracle 8.1.5, ST-Developer 9.0 aiylized to integrate G + modules. On the other hand, the data-
BEA WebLogic Server 6.1. base access module of the parser is implemented through the API

5.2 STEP Loader. The STEP Loader is purported to upIoaoOf Jaya Database Connecti@®dDBC) that provides database ac-
STEP physical files from clients’ locations to the central servé&€SS in Java programs. o _
and then to parse these files to obtain the corresponding ARMThe geometry data contained in a STEP file is transformed into
objects. These objects are in turn mapped to the system databa8eACIS file via the STEP-to-ACIS translator. As designers export
The data flow involved in this process is depicted in Fig. 12. Adeir original designs in STEP format, a manual control is neces-
shown, the loader handles the geometric and non-geontptdd- ~ sary in order to generate STEP AP 203 CC6 data phy}. Based
uct structurg information separately. When a STEP physical file isn a set of G-+ classes, this translator performs the translation
uploaded to the central server, non-geometry data is processedrbyn the STEP AP203 CC6 data to an ACIS SAT file. The gener-

W Frameset testing - FMicrosolt Intermnet Explorer I8 1 =10 x|

| mie  Ede  Wiew Pavarkes Tools  Help |
| mack = = =~ E3 ] 24| Dhsewch [dfFaverites PHstory | Th- S - S fp @ B R
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Progecli Managemend B3 Managemenl Aboul CPEM

Project Cwrrent avaiable project
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Avsilabls
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Fig. 13 Project management page
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Fig. 14 Project implementation page

ated ACIS files are then processed by another translator thaigis lllustrative Example
ges\,,éltycl)?t(rziiu((::Ie;s?etshlti;\{orgkél;re hlussr;e(\)/\]{ :Laeniléﬁgr Eaig?;‘g%%?gp(gljhis section illustrates the application of the Product Structure

: anager to the collaborative assembly modeling of a bench
nent, gnd thus ablg to gener’ate an approximate polygonal repcr%-mp? The objective is to create a ne)\//v design %/ariant to the
sentation, named *Web-Repl'16], for visualization of a B-rep xisting assembly model shown in Fig. 15. Table 2 lists the com-
model. The use of Web-Rep greatly reduces the volume of geo

etry data transmitted for visualization. Using the ACIS persiste Ztr?ni)?(teO?r::;egorT:iF::(;rt]if)rr]ntSs::TaE\r;erigxésstgsj%?asss?r:gtt)li/hrgr%dzlr.elztjr:;e e
ID mechanism, Web-Rep also maintains links between its o ’ PP

entities and the original B-rep data structure entities in ACI istributed members(individuals or companigsparticipating in

] . . X . This collaborative assembly modeling practice. Accordingly, Table
tshl:gzglr']n\lj\?egglé% it possible to perform geometry manipulatio outlines the responsibility of each member for an assigned task,

The parser also associates the components of a product Stlyvhere each subassembly is created presumably using a different

. : . : S O %D system.
ture with their corresponding geometrical definition data such §5The new variant to the existing bench clamp assembly is cre-

CAD models. In this way, one can easily access the geometry 3 %d using the “collaborative assembly modeling” approach with
product definition of a particular component via the product stru e aid of the Product Structure Manager. The main steps involved

ture. in this practice are summarized as follows.
5.3 Function Realization. The implementation system con- . .
tains three main function modules, namely, project managemeﬁltl' The team leader set up the bench clamp re-design project

S A rough the Product Structure Manager. In particular, the team
product structure managemedefinition and creation and prod- . - . - ! .
uct structure graphic viewer. leader defined the project, set project participdBtsnembers in

this casg¢ and provided some other informatigsee Fig. 16
* Project Management

This module sets up a project for collaboration. The functions
contained in this module are integrated in the Project Managem:
Page displayed in Fig. 13.

* Product Structure Management

This module provides functions to support product structui
creation and modification activities. The functions contained i

this module are integrated in the Project Implementation Pa

displayed in Fig. 14. A:;-,.R
* Product Structure Graphic Viewer I o
This module supports implementation of a graphic tree for

product structure. Compared to the other two modules, the prc
uct structure viewer has no separate interface. This module
implemented as a Java applet and thus plugged into the Project

Implementation Page as exhibited in Fig. 14. Fig. 15 Bench clamp assembly and subassemblies

Tr ums wirrim b aswemb by Movable Jww sub smemb by Clarg _Bedy rubmnemb b
n
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Table 2 List of bench clamp assembly components

Mame

Handlehead

Quaniity

Hande

Serew Rod

Mevable J aw

Fixed Jaw

L-MHut

Base Mount

¥ A A WACE

Movable Jaw [nzert

Fixed Jaw Insert

Table 3 List of design task allocations
Design Team Subassembly CAD System
Member A Transmission subassembly Unigraphics
Member B Movable_Jaw subassembly [-DEAS
Member C Clamp_Body subassembly Pro/Engineer
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Fig. 16 Project creation page
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Fig. 17 Collaborative creation of the bench clamp structure

2. The team leader defined the global product structure5. The participants collaboratively assemble the new bench
(highest-level hierarchy for the new bench clanamd assigned clamp in real time via “collaborative assembly modeling.” Note
design taskge.g. subassembly modelintp the participants. In that the successful realization of this step also requires some other
this example, the team leader divided the bench clamp into thresllaborative CAD modeling tools, in addition to the Product

subassemblies with distribution to three participants according $tructure Manger, which will be addressed separately in a future
Table 3. aper.

3. The participants worked out their own subassembly ind?— ) . )
vidually and then stored the resulting CAD model respectively in For illustration, one exemplary scenario for the demand of a
STEP data format. new design variant to the existing model is considered in this

4. The participants uploaded their STEP CAD data file indexample. Table 4 outlines the modifications done to the existing
vidually onto the Product Structure Manager. Then the STEFesign according to Table 2. In specific, one change is to add flat
loader in the Product Structure Manager was used to analyze efages at the end of thBcrew Rodso as to facilitate the alternate
uploaded STEP file, extract the product structure of each subasrewing. However, this change decreases strength in the resulting
sembly from the file, and finally insert each extracted structured for the reduced wall thickness. To maintain the desired
into the global product structure. The final result is displayed istrength in the re-shaped rod, the diameter of the hole on the
Fig. 17. Screw Rodand the diameter of thelandleare both reduced cor-

Table 4 List of the modified components

Mame Existing Component Redesigned Component | Comment
Add flat surface on the end of serew
Screw Rod rod to facilitate alternative doving
approaches
Reduce the diameter of handle
Handle accordingly to fit the hole on the
sorew rod
Add circular feature on both
Mowable Movrable Jaw Insert and Fixed Jaw
Jaw Inser Ingert to allow for holdng
cylindrical workpisces.
Fixed Jaw \ Similar to the above
Insett
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assembly modeling. The latter one is concerned with efficiency
and consistency in data storage to account for the growth of vari-
ants of a product in collaborative assembly modeling. To this end,
one stream of our effort underway is devoted to a more concise
yet elaborate product structure information model that combines
the product variant/classification model with the product break-
down structure model. Last but not least, the approach of CPSM
also provides an alternative way for synergistic reuse of design
information in platform product design, which facilitates creating
variants for a product family.
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