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ABSTRACT

This paper describes a system for distributing and
archiving engineering documents using fax and web
technologies. Software and hardware requirements for
the system are discussed. An implementation of the
system is described.

INTRODUCTION

Most engineering products produced today have
components that are manufactured in different locations.
In many cases, the final product is an assembly of
components that were purchased from many different
vendors or contractors. During the design and
manufacturing stages, engineering documents often need
to be distributed from site to site for different purposes.
These purposes can vary widely from determination of
power requirements to assembly planning.
Communicating these data between different sites can
sometimes become a problem. The National Institute of
Standards and Technology (NIST) currently has several
projects aimed at improving the distribution of engineering
and manufacturing data throughout the product life cycle
(MSID (1997)). Many of these projects use the World
Wide Web for distributing the data.

The World Wide Web has become a powerful way of
disseminating information to a large audience. Using the

Web, information can both be entered and retrieved by a
user relatively easily. Many companies and institutions
now use web technologies and the Internet/Intranet to
distribute information internally. There also are Web-
based programs and services available that allow for easy
distribution of electronic documents for archiving and
product development (see, for example, AIMSNet (1997)).
Using these advanced techniques, companies can send
engineering data relatively easily from site to site.

Prior to the use of the Internet for distributing documents,
the fax machine was the most convenient method for
sending documents between groups at different locations.
Because of its popularity, a fax machine is usually
available for use by people throughout the product
development cycle. Moreover, the fax machine is still
more useful for sending documents that do not exist in an
electronic format. Since many documents that are
needed and used during product development are still
only on paper, they must be scanned in for use on the
Web.

The author, seeing the problems associated with
integration of paper documents into a Web-based
document distribution system, has proposed and
developed a simple and effective method for moving
paper documents to the Web using fax technology. Fax
technology is well suited for this task because of its
reliable scanning technology, ease of use, and high use
throughout industry. By integrating web and fax
technologies together it is possible to receive, archive,



and distribute both paper and electronic documents to
many different locations relatively easily.

In this paper, an information archiving and distribution
system based on these two technologies is presented.
This system represents a prototype approach that might
serve as a model for those who have not divested
themselves of paper documentation. The organization of
this paper is as follows. First, a general overview of the
system is given. Then, hardware and software
requirements are discussed. Finally, a test
implementation of the system is described.

SYSTEM OVERVIEW
The document distribution system described in this paper
performs three major tasks:
The system receives documents that were sent using
a fax machine.
The system archives documents in an electronic
format for later use.
The system sends documents using the Web or a fax
machine upon request from a user.

SERVER SITE 1
tOHTTP Web
' server ¥ P! browser
. Fax g > Fax
. server | machine

Fax

machine

SITE 2 SITE n

FIGURE 1: ARCHITECTURE FOR THE ARCHIVING AND
DISTRIBUTION SYSTEM.

A document can be added to the archiving and
distribution system by sending the document via a fax
machine to a dedicated fax server. The fax server has
the necessary software and hardware to automatically
receive the document and place it in a temporary holding
bin. Since the actual contents of the fax are unknown, the
details of the document (e.g., title and description) need to

be manually entered. Ideally, it would be convenient if a
character recognition program could scan the contents of
the document and automatically create a valid description
of the document. However, it would be difficult to make a
system that could create a proper description without
some human intervention. Another possible method for
entering document details is to have the system
administrator enter information on new documents by
looking at their contents via a viewer. However, this
places a large burden on one person. Moreover, that
person may not enter the correct document details due to
lack of knowledge of a particular subject. If a cover sheet
containing document details were included with every fax,
then the second problem would be solved. The approach
used in this paper allows the document sender or system
administrator to enter information about the document
using a web browser.

Once the document information is entered, the document
can be placed in a project directory for archiving. This
document repository allows for the safe storage of paper
documents. Hence, if the original gets lost, then the
electronic version will still be available.

A person can also receive a document from the repository
using the Web. In this paper, two methods are discussed
for retrieving a document. The interested person can find
the document that they want on a web page and have that
document sent to their fax machine, or they can download
an electronic version of the document for viewing or
printing locally on their own computer. Access to this
information can be protected by a password entry form.

In summary, this system allows for a simple and complete
distribution of important engineering documents using two
standard and common technologies. Figure 1 shows the
basic architecture for this information distribution system.
In the next two sections, hardware and software
requirements for this system are discussed.

HARDWARE REQUIREMENTS

In order to implement this system several pieces of
hardware need to be in place. This hardware includes a
computer (the server) for sending and receiving Web
documents and a fax/modem, which is connected to the
server, for receiving and sending documents via fax. All
locations that want to use this system to their complete
advantage need a computer (a client) connected to the
Internet/Intranet and a fax machine.

The server can run on any platform that can run the
necessary software; software requirements are discussed
in the next section. The server also needs access to both
a regular phone line (for the fax/modem) and
Internet/Intranet access. Since the server is going to be
storing electronic documents, a reasonably large storage
device is recommended.



The choice of a fax/modem is important. There are three
different fax/modem classes for communicating with a
computer. A Class 1 fax/modem is the least capable
fax/modem. Most of the functions for sending and
receiving a fax are handled via software on the computer.
A Class 2 fax/modem has more internal functionality.
However, the Class 2 "standard" never made it past the
draft stage; hence, it has been implemented in different
ways by different fax/modem vendors. For a good
description of Class 1 and 2 see Chen (1992). Class 2.0
standard is the newest fax/modem standard (Leffler,
1997a). Most fax/modems do not support this standard
yet. It has the most functionality of the three classes.
Hence, this is ideal for our system because it does not
significantly slow down the computer while a document is
being received or sent using the fax/modem.

At every location that wants to fully utilize the server, a
computer with access to the server, using the
Internet/Intranet, needs to be in place, and a fax machine
is a necessity. The computer needs to be able to run a
web browser.

SOFTWARE REQUIREMENTS

To implement the described system, several pieces of
software are necessary. The server side of the system
needs HTTP server software and fax server software.
The client side needs a web browser.

Several different HTTP server software packages exist.
Most of these packages will work; however, the software
needs to be able to run programs on the server side. This
is commonly done in two ways. One way is to have an
application program interface built into the HTTP server.
The other way is to have a CGI module in the HTTP
software for running separate programs on the server.
The second method is more common (Graham, 1997).

Because of its simplicity, the implementation described in
this paper was created using gateway programs and the
CGI (Common gateway interface). Gateway programs are
independent programs that receive input from the HTTP
server, run code, and send results back to the server.
These programs generally send results back to the server
in the form of an HTML document. The gateway
programs communicate with the server via the CGI
module that is built into the HTTP server program.
Gateway programs do not need to be written in a specific
language, they just need to be able to read in variables
from the server and output information back to the server.
For more information on CGI programming please refer to
Tittel (1996).

In addition to running HTTP server software, the server
also needs to be running fax server software. This
software must be able to receive and send documents

over a fax/modem. There are numerous programs that
can do this. Ideally, the software should also be able to
automatically run a script file or program upon receiving a
document through the fax/modem.

If a script file or program can be run whenever a
document is received via fax, then many tedious tasks
can be handled automatically. This script file can move
the document to a new documents directory, create a web
link to the document, and convert the document to a more
common file format.

As stated earlier, there are several programs available for
receiving and sending documents via a fax/modem. For
testing of this system, the author used HylaFAX (Leffler,
1997b). Thisis a free fax software package for machines
based on the UNIX operating system. This software does
have the capability to run a script file upon receiving a fax.

All documents sent by fax are sent as TIFF Class F files.
Since this is not a common storage format, many
programs can convert TIFF/F files into a more usable
format. HylaFAX and its accompanying software can
convert a document to postscript. It also can convert
postscript back into a TIFF/F file for fax transmission.

Regardless of what format you use, you want a format
that is easy to view. Several programs are available that
can view postscript documents. However, other options
are available. For example, viewers for Adobe’s Portable
Document Format (PDF) are readily available. System
developers need to pick a format that can easily be used
by their clients.

IMPLEMENTATION

This section of the paper describes the basic
configuration of the test implementation. Methods for
receiving documents and sending documents are given.
Many programming details are not included because
many aspects of the system will depend on the computer
platform used, the programming language used for
creating the gateway programs, and the intended use of
the system. An experienced system administrator with
knowledge of gateway programming and HTML should be
able to implement a similar system using the following
implementation description.

Handling Incoming Documents

Ideally, when a document is sent to the fax server, the fax
server will move the document to a new-document
directory, change the file to a more usable format, and
automatically create a link in a new-documents web page.
This makes it possible for people to access the document
immediately. Figure 2 illustrates the steps used in our
implementation.
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FIGURE 2: FLOWCHART FOR HANDLING INCOMING FAX
DOCUMENTS.

As can be seen from Figure 2, the script needs to handle
three tasks. Moving the new document to a new-
document directory should not be a problem. However,
adding a reference to the document in an HTML file and
converting a document to a different file format can be
difficult.

Changing the file format of the document requires a
conversion program. HylaFAX and its accompanying
software came with software for converting to postscript
and back. The developers of similar systems will need to
find file conversion programs for all of the file formats that
they want to support. In the case of HylaFAX the
document can be converted to postscript using a simple
one line command, fax2ps, in the program script.

Creating a reference to a new document in the new-
documents web page can also be tricky. The reference
should include as many details about the received
document as possible. HylaFAX includes a command for
guerying the fax server for information about a new
document. The results of this query include the date and
time that the document was received, the number of
pages, and the phone number of the fax machine that
sent the document. Regardless of the fax server used,
this information should be included when making the
reference. Adding this information to an existing new-
documents web page requires the script file to add text to
the new-document HTML file. The commands necessary

to perform this task vary depending on the language and
computer platform used.

In addition to the information listed above, an actual link to
the document file should be made so that the document
can be downloaded for printing or viewing. A hyperlink to
a gateway program that allows a user to input the details
of the document should also be included. With the
reference and links in place, the document can be
accessed using the Web. Moreover, the document
description, title, and project can be entered. Figure 3
shows our new-documents web page.
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FIGURE 3: NEW-DOCUMENTS WEB PAGE.

It is suggested that a policy be set up so that a cover
page is included with all documents that are sent in by
fax. This cover page should give a title and description of
the document. This will make it possible for others to
understand the contents of the document just by viewing
the source file. This can be helpful if the source file gets
“misplaced.”

Handling Storage and Retrieval of Documents

Once a document is added to the new-documents web
page, the fax server is no longer involved. Accessto a
document is now made using a web browser. To access
any document on the server, a user should enter a




document repository homepage. This homepage should
have links to the different project directories that contain
documents sent in by fax. The homepage should also
have a link to the new-documents web page. The
homepage would also be the right place to query for a
password if security is an issue. The framework for the
document server is shown in Figure 4.
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FIGURE 4: FRAMEWORK FOR HANDLING DOCUMENTS OVER
THE WEB.

The new-documents web page contains only documents
that have just been received. The contents of these
documents are unknown to the server. The only known
information is the date and time that the document was
received, the number of pages, and the phone number of
the fax machine that sent the document. New documents
make it to the new-documents web page via a script that
is run when a fax is received, as discussed earlier. Our
new-documents web page is shown in Figure 3.

If a user wants to download a document, then he or she
should be able to click on a hyperlink to the document.
The user should also be able to enter document details.

This is accomplished by providing a link to a gateway
program. This program, when activated, can dynamically
create an input page for the document.

| Aie Edv View o Bookmarks Gptins Direcion Winchoe

S [=[2la][

i .:.:_

Fax Server: Input form for FAX00031

Plaoss input information oo te oemar of the original document

Mrnl |

e’ plane nunber:

Orwner's email address

Fless= anter document informadion

Dotument Ltk

Prajeci:

Pronass Flanming
o Habor ot ivre Dhaeipn.

istul Mamifactiring

Document deacriplion:

Svkruit Foem or pesst

F'Tw._rm REZET FORM)|

FIGURE 5: WEB PAGE FOR ENTERING DOCUMENT
INFORMATION.

The input page that the gateway program creates should
allow for entry of all relevant document information. This
may include a title, description, owner of the original
paper copy, and project. The information requested by
the input web page is up to the implementers of the
system. Figure 5 shows the input page created for this
particular implementation.

After the requested information is entered into the input
web page, the information must be submitted. This
information is again submitted to a gateway program.
This program should check to see that all necessary



information is present. If all the information is present,
then the program should move the document to the
appropriate project directory, add a reference to the
project web page, and remove the reference in the new-
documents web page.
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FIGURE 6: PROJECT WEB PAGE.

There should be a project web page for each project.
These web pages should contain references to all
relevant documents on the server. Each reference should
contain a link to its document for downloading and a
method for sending this document to a specified fax
machine. The second option should be done with a
gateway program. This program just needs to send an
entered fax number and the document to the fax server.
This allows a user to send a document to any fax
machine. Hence, individuals with access to a fax
machine but not a web browser can have someone else

send a document to their fax machine. Figure 6 shows
one of our project web pages.

As can be seen from this implementation, only a few
gateway programs and web pages need to be created to
have a functional system. Moreover, it should be easy to
integrate this document repository with an existing
repository for electronic documents.

CONCLUSION

This paper describes a system for distributing and
archiving engineering documents using fax and web
technologies. Software and hardware requirements for
the system are discussed. A testimplementation of the
system is described.
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