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Introduction
     Computer Integrated Manufacturing Systems (CIMS) combine complex automated production control
operations with human supervision and direction.  Operators and managers of complex systems can use tools that
enable them to recognize trends in operational characteristics of manufacturing systems for which they are
responsible1.  Developing these tools requires system engineers that are knowledgeable about manufacturing
processes and also able to cope with the computer technology required to develop efficient interfaces to these
systems4. Programmable Logic Controller (PLC) equipment manufacturers have recognized the market for
software interfaces that allow operators to monitor and in some cases control operations from an operator
interface4.  These commercial packages consist of various development environments, communications drivers,
and display interfaces7.  Because these products are intended to provide a comprehensive, packaged solution,
interprocess linkages are embedded in the package.  From an educational point of view, revealing the processes
that drive the display and how they access information is important for students trying to gain an understanding
of the internal operation of the systems.  Commercial software packages hide these basic processes from
developers so they can focus their efforts on creating the interface in the design and development environment.

     In this paper, we introduce a methodology for developing comprehensive interfaces to link operators and
manufacturing systems.  The approach is motivated by the need to expand the accessibility of undergraduate
CIM engineering laboratory resources and still provide adequate opportunity to appreciate the complexity
involved in integrating humans and advanced manufacturing systems.  This paper introduces a new approach to
developing manufacturing system interfaces; furthermore, this approach requires the student to develop the
system iteratively by assembling appropriate processes to accomplish the desired tasks.  The architecture consists
of a group of processes that work together to acquire data, format it, and finally display it in a useful way to the
end user.  In this case an internet navigator is used as a standard interface.  This approach provides an
opportunity for the student to work with new and emerging internet technologies while learning how to develop
interactive system interfaces.

        We present the basics of developing manufacturing system interfaces and establish a framework for creating
laboratory-based curriculum using HyperText Markup Language (HTML) and Common Gateway Interface
(CGI) applications.  This paper is organized in the following manner.  An example of an industry standard system
interface is explained, followed by an example of how the same interface can be developed using a web-basedP
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model.  Finally, a brief discussion regarding curriculum development concerns and the current status of the
project is presented.

Manufacturing System Integration
     Manufacturing system integration is a term that is used often but in broad context.  To facilitate the
discussion, it is appropriate to describe this in terms of the curriculum that is being proposed.  In a modern
manufacturing system multiple operations occur simultaneously.  Each process has certain constraints,
operational characteristics, and requirements that have to be managed concurrently to maintain the performance
of the system.  Each independent process is capable of generating data that can be used to manage the system in
a number of ways.  Management of these processes are focused on achieving maximum productivity in a dynamic
environment.  This requires the data that has been collected to be displayed efficiently so that decisions can be
made quickly or even automatically.  For example, depending on the strategy of the firm, the focus might be on
reducing costs, the system interface then would be used to display production and overhead related costs.  Figure
1. shows an example of an interface for a specific work center.
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Figure 1.  Example manufacturing system interface.

In this example, the information collected concerns quality issues; the bar chart displays the scrap rate caused by
this work center based on the part types it produces.  A control chart is also displayed as are jobs scheduled at
the work center for that day.  This type of display aids in prioritizing the continuous improvement process.

     Figure 1. represents the type of manufacturing system interface that we want to examine.  Commercial
Human Machine Interface (HMI) software packages are available for developing these types of interfaces.
Although there is a difference between the manufacturing system interface proposed here and HMI development
applications.  HMI applications are generally designed to work with specific hardware components.  For exampleP
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many are designed to only work with a particular equipment manufacturers product.  However, they are capable
of recording and displaying all types of information, but are limited to one type of system6. A typical application
consists of the following components2,6:

• Communications package
• Database
• Development Environment
• Display Environment

The communications portion of the package establishes a communication link between the HMI and
Programmable Logic Controllers (PLCs) or other equipment.  In order for the HMI to do data analysis and
display trends, a database is used for storing data. The database stores data acquired through the communications
link and calculates derived data used in the display.  The development environment is an application used to
develop user interface environments, and combine commonly used predefined sub-routines with user defined
display elements during interface development.  The environment allows users to build both the graphic
interfaces and code the data processing tasks for the displays.  The display environment is simply an application
that allows the HMI to be viewed.  From an educational point of view, these development environments shift the
complexity from integrating different processes to using complex development tools in an unfamiliar
environment.  The model proposed here allows students to focus on the basic tasks that need to be performed
instead of learning a new piece of software.

TCP/IP Internet Model
     Technology currently used in the development of the World Wide Web (WWW) has many capabilities that
make it appropriate for developing user interfaces to manufacturing systems.  The distributed nature of the Web
makes it is readily accessible by students, both as viewers of information and content providers.  And the
resources available via this new and evolving technology also provides an attractive mechanism for teaching
systems integration.  Our approach gives students the opportunity to work with each process involved in creating
an interface in a distributed fashion.  The final product is a file containing instructions formatted according to
Hypertext Markup Language (HTML) standards that displays information acquired from a manufacturing
system.  This approach gives students first hand experience in designing the architecture used to acquire and
display many types of information using client/server based systems. The distributed environment provides a
mechanism for sharing resources and provides a natural division breaking the development process into pieces
that can be studied on an individual basis.  Groups of students are able to work on different parts of the interface
independently with fully functional examples provided as test applications or templates.

Figure 2. is a diagram that shows how the interface can be broken into separate development tasks by
considering the processes that are required to generate the display.   Each element in Figure 2 shows the basic
flow of information with arrows being used to show where the  data is coming from.  In this example
development efforts are focused on creating CGI programs and HTML documents.  The server, viewer,
database, and the simulated or real manufacturing system interface are provided.  Each of the objects in Figure 2
are briefly described below 5,3.
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Figure 2.  The diagram shows the flow of information between the processes and locations.

Client WWW Viewer:  The Client WWW Viewer is a standard web navigator capable of rendering both
graphics and text.  In Figure 2, the user would submit a request from a navigator that would either read an
HTML document, or initiate a Common Gateway Interface application (CGI).

HyperText Transfer Protocol Server:  A HyperText Transfer Protocol (HTTP) server provides access to the
CGI applications and documents that make up the site.  The server is responsible for coordinating
communication between the client requests and information stored on the server.

Common Gateway Interface: CGI is a standard for external gateway programs to interface with HTTP servers
for the purpose of creating dynamic responses to client requests.  These applications execute on the server and
send output directly to the client and can be coded using a variety of different languages.

HTML Update Application:  The HTML update application represents an application that would not be
considered a CGI program because it is not initiated by the client.  In this example it is used to update the initial
index page a user would receive when accessing the Universal Resource Locator (URL) for the site.

Database:  The database is used specifically to record process information.  Much of the information relevant in
managing a process requires storing data for periods of time necessitating a database.  This is then queried by
CGI applications and formatted into a document that can be viewed using the client WWW viewer.

Simulated and Real Manufacturing Systems: In this model, the database is being fed by a simulated process
and a real manufacturing system.  The simulated process is the easiest to implement because data generated by a
simulation can be sent directly to the database.  In an educational setting, a simulated process is ideal because it
requires little supervision, and the simulation output can be made easily accessible via the campus computer
network.  If a real manufacturing system is used, a separate process will be needed to extract data from hardware
used in the manufacturing system.  Extracting information from a Programmable Logic Controller PLC or otherP
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equipment requires coping with communication protocols used by the manufacturer of the product.  Including
this functionality is the ultimate goal; however, interfaces with this type of equipment will vary depending on the
situation.

Curriculum
     The objective of this project is to create a situation that illustrates many of the techniques and processes that
go on behind the scenes when interfaces to complex systems are developed.  However, there are concerns that
have not been addressed that need to be before implementation can occur.  In developing this curriculum the
complexity of the programming languages being used need to be considered in the context of the programming
skills of the students.   The approach must be designed such that minimal effort is required to get students the
background material needed to be successful in a short period of time.

     The schedule intended for a lab exercise based on this approach should take approximately three weeks.
During this period a reasonable amount of time is spent outside of class that coincides with in class discussions.
The goal is to address the material in a sequential manner, walking the students through the development
process. There is a natural division in the processes that separate this model into manageable segments for the
sake of class discussions.  This represents a starting point in developing this sequential process.

Current Status
     The architecture and detailed design aspects of the project have been completed and implementation is
presently underway.  During detailed system design, however, we have realized that the extent to which the
interface software components must be refined for application will depend on the anticipated level of
programming competence of the students using the this software system. Issues that will be of concern are: how
much background work will be required, will the programming tasks be beyond the skills of students that have
only had one or two programming courses at the university level, and finally, will  it be possible to cover this
material adequately in a two or three week period.  These issues as well as prototypes are currently under
development.

Conclusions
     We have presented a design methodology and system architecture which supports the development of
comprehensive human-manufacturing system interfaces by undergraduate engineering students.  This provides an
opportunity for students to implement theory taught in other classes to build interfaces to manufacturing systems.
Good system integration is a facilitator, it brings relevant information to the attention of management and assists
in maintaining the efficiency of the system.  The performance of a system is only as good as the operators ability
to recognize and react to variations in performance.  The objective of this curriculum is to demonstrate a general
approach for acquiring system data and processing it for use by operators making the system more efficient or
adding value along the way.  Towards these ends, this curriculum considers data derived in the manufacturing
system and looks at ways of automating the formatting and display to most effectively make that data useful.
This curriculum looks at these processes and instead of using a commercial package to accomplish this, seeks to
use the basic programming tools building a stronger understanding of client server applications and internet
programming concepts.
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