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For several years a community of industrial researchers has been developing models for product and process data as a series of ISO standards. These models are known as STEP an acronym for the STandard for the Exchange of Product Model data (the acronym is better in French) and have the formal number ISO 10303 [1]. If the vision of the community was working correctly then by now it would be possible to read these models into manufacturing systems and use them to control the production of the described products using intelligent machinery.

The biggest success of STEP started in 1996 with a data exchange standard for 3D product geometry called AP-203. Today more then 2 million CAD stations contain STEP translators and for some industry segments it is fairly routine for an Original Equipment Manufacturer (OEM) to send a model to a machine shop and for that machine shop to process the geometry and make the part on its milling and turning machines. However, the process is not totally automated. The machine shop needs more than the 3D geometry to make the part because the tolerances and other process information are also critical. Today these are supplied by a drawing and the refusal or inability of the CAD vendors to add these tolerances to the geometry is a symptom of a significant problem that the community has been trying to overcome. 

Because the tolerances and other data are not available in model form, they have to be read by an operator and used to program a CAM system that generates long sequences of tool motions. These tool motions are then used to control the machine and require close supervision in case any of the conditions assumed by the motions are not correct.

The success of AP-203 did not occur overnight. First it was necessary to define a model of the 3D product geometry. To do this a whole new modeling language was designed and implemented. The properties of geometry have been researched for a very long time. There are many mathematical relationships that can be used to model 3D geometry and many mathematical rules that must be met in order for that geometry to be valid.  ISO TC184/SC4 invented a new modeling language called EXPRESS to capture these rules and relationships and while 10 years later there are several languages that can perform some of its functions, it is still not clear than any other language can perform the whole task as well as EXPRESS [2].

Accurate modeling is very important because the systems that create and manage 3D geometry are also complex. Therefore, complex data needs to be passed between complex systems and it is hard for users to find the source of any error. Even with the powerful modeling facilities of EXPRESS it was hard for the community to make the exchange work and implementation forums set up in the USA, Europe and the Far East had to work with the CAD vendors for five years to make the exchange process sufficiently comprehensive and reliable for use by industry.

A second success of STEP was to create a process for creating many different models for product data. Each model is called an Application Protocol. More than 40 of there protocols are in various stages of development– see Appendix A. Each model customizes the 3D geometry defined by STEP for a different category of products. For example, AP-210 performs this specialization for printed circuit boards, AP-216 does the same for ship molded forms and AP-223 does it for castings. STEP has an elaborate architecture for making these specializations and maintains several committees to ensure that any overlaps between the models are identified and given a common definition. 

In principle any of these models can be loaded into a system and used to describe the behavior of the corresponding category of product.

However, the CAx (CAD, CAM, CAE, CNC) vendors have not implemented the new models. Several factors seem to be involved:

1. The smaller vendors can only populate part of the models and the larger vendors are reluctant to populate them because it will make their data available to the smaller vendors.

2. Even when the vendor is large enough to supply all the required information, ownership of the data spans multiple departments and one department must understand the data of another department and this does not work well in practice.

3. End users are used to defining manufacturing attributes as text on drawings.

4. The files are too large and complex to be understood by ordinary users which makes it difficult for them to debug the files produce by the vendors and reuse information across files.

These problems have prevented significant progress in the deployment of product models despite significant pressure by industry [3]. The issue is an important one because industry wants to deploy a next generation of intelligent manufacturing equipment. Today’s methodology for programming CNC and PLC equipment is much too labor intensive. If full fidelity digital models of the product and manufacturing process were available then industry would be able to pass that data to intelligent machines that could be programmed more efficiently by replacing motion and event based manufacturing (move. move, move.) with task based manufacturing (mill this pocket with this tool) [4]. 

Given that there has been no progress new approaches are now being examined. One promising line of research is to make the product models more modular and intelligent by combining the IEC 146499 concept of Automation Objects with the ISO 10303 information definitions. The IEC 61499 community uses automation objects to define function blocks for PLC and device programming [5]. If these automation objects are enhanced with product model definitions then a programming environment for rapidly automating many different kinds of manufacturing may be enabled.

The new approach uses abstraction to encapsulate the information elements defined by the STEP standards into more granular modules (defined by XML Schema) that are then placed into the Automation Objects. The modules represent units of engineering functionality, for example, the circular profile of a hole, or the elements in a manufacturing plan. The Automation Objects are application views of the modules that provide functionality of interest to the end users. Figure 1 gives a rough illustration. The figure shows three Automation Objects. The first represents a product feature to be manufactured, the second represents an approved process for manufacturing this kind of feature and the third represents a twist drill defined by an equipment vendor.
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Figure 1. Automation Objects for Model Driven Manufacturing

The three objects can come from three sources: a CAD system, a library maintained by the machine shop and a library maintained by the equipment vendor. In IEC 61499 each object represent a function block and when the blocks are linked an event occurs that can trigger a negotiation whereby the process is checked for compatibility with the feature and the tool is checked for compatibility with the process and the feature. Ideally, if they are compatible then the end-user programming of this operation is finished. If they are not then some kind of dialogue can be used to determine a resolution to the problem.

The benefit of defining the objects using the modules becomes clear when the product, process and tooling objects have been linked and all the required references have been filled with other modules and objects. When this happens the data in the objects satisfies one of the Application Protocols defined by STEP and this is important because it means that the product model has a complete and unambiguous definition [1]. Therefore, if that protocol defines a process such as CNC machining, or circuit board assembly then an intelligent controller can read, compile and process the data to machine the part or assemble the circuit board. This in turn means that industry has reached its goal of replacing motion and event based programming with task-based programming and equipment vendors can embed systems into their machinery to process the models and make them more intelligent.

Figure 2 illustrates the evolving relationship between Automation Objects, Modules and Information Elements (entities). It is somewhat similar to the three-schema architecture of database systems.  The information elements at the bottom represent the fundamental quantities of information that need to be represented such as a length measure with its associated units and tolerances. The modules aggregate those elements into pieces of engineering functionality such as the circular profile of a hole, or a manufacturing work plan.  The automation objects aggregate these modules into something useful for the enterprise. 
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Figure 2. Relationship between elements, modules and Automation Objects

At the present time the big issue is how to most efficiently program the Automation Objects. The IEC 61499 committee has developed a framework for programming the objects within the context of device programming. The software engineering community recommends use of the Model View Control (MVC) design pattern to program models like the Automation Objects. Combining these concepts with the product data developed by ISO 10303 is a challenge and an opportunity.

In summary three languages are used in the evolving methodology.

	EXPRESS
	Describes the information elements in the modules. The major attraction/advantage of EXPRESS is that it has the power necessary to model 3D geometry relationships and rules.

	XML Schema
	Describes the modules. The major attraction/advantage of XML Schema is the wide availability of tools such as XSLT for rapidly populating the modules.

	IEC 61499
	Describes the Automation Objects. The major attraction/advantage of IEC 61499 is its ability to divided models into function blocks that can be given behavior useful to a manufacturing operation.


The engineering definitions in each object are described by the modules. The information necessary to describe each parameter in the definitions is described by the information elements. The modules add value to the objects because they can be reused across objects and interpreted by external systems such as CNC controllers. The information elements add value to the engineering definitions by ensuring that each engineering parameter is given a robust definition that includes units, tolerances and if necessary references to external data such as the cylinder that defines the radius of a hole.

The next task of the community is to investigate whether or not a sufficient set of objects can be activated by a group of end users to enable the automation of real products. A project is being formed that will test this thesis using discrete part machining, circuit board assembly and paper goods manufacturing. If the project succeeds then the CAD vendors will be required to support the new objects and industry will have the information necessary to enable a next generation of intelligent machinery that uses embedded models of the product and process data to control manufacturing operations.
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Appendix A. Product Models under development for ISO 10303

Part 201
Explicit Drafting

Part 202
Associative Drafting

Part 203
Configuration Controlled Design

Part 204
Mechanical Design Using Boundary Representation

Part 205
Mechanical Design Using Surface Representation

Part 206
Mechanical Design Using Wireframe Representation

Part 207
Sheet Metal Dies and Blocks

Part 208
Life Cycle Product Change Process

Part 209
Design Through Analysis of Composite and Metallic Structures  

Part 210
Electronic Printed Circuit Assembly, Design and Manufacturing  

Part 211
Electronics Test Diagnostics and Remanufacture  

Part 212
Electrotechnical Plants  

Part 213
Numerical Control Process Plans for Machined Parts  

Part 214
Core Data for Automotive Mechanical Design Processes  

Part 215
Ship Arrangement  

Part 216
Ship Molded Forms  

Part 217
Ship Piping  

Part 218
Ship Structures  

Part 219
Dimensional Inspection Process Planning for CMMs  

Part 220
Printed Circuit Assembly Manufacturing Planning

Part 221
Functional Data and Schematic Representation for Process Plans

Part 222
Design Engineering to Manufacturing for Composite Structures  

Part 223
Exchange of Design and Manufacturing DPD for Composites  

Part 224
Mechanical Product Definition for Process Planning  

Part 225
Structural Building Elements Using Explicit Shape Rep  

Part 226
Shipbuilding Mechanical Systems  

Part 227
Plant Spatial Configuration

Part 228
Building Services

Part 229
Design and Manufacturing Information for Forged Parts

Part 230
Building Structure frame steelwork

Part 231
Process Engineering Data

Part 232
Technical Data Packaging

Part 233
Systems Engineering Data Representation

Part 234
Ship Operational logs, records and messages

Part 235
Materials Information for products

Part 236
Furniture product and project

Part 237
Computational Fluid Dynamics

Part 238
Integrated CNC Machining

Part 239 Product Life Cycle 
