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ABSTRACT

The Internet, as the online worldwide connection of computers has come to be known,
has now grown to the point of emergence as a major tool in many applications. It will
soon become, if it has not already become, an indispensable source of information and
interaction for scientists and business people alike. The use of the Internet's various
protocol's, including mail, newsreader, and file transfer, produces a global
interconnectedness that is impossible to achieve in any other fashion. It is also
important to realize that the Internet is currently doubling in size every year and will
continue to grow at an extremely accelerated rate for at least the next five years. It is
therefore important to be aware of the various applications made possible by use of
the Internet, and of the potential for telemetry related uses.
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INTRODUCTION

To examine the potential use of the Internet for future telemetering applications, it is
important to understand some of the possible methods for data transfer already
available. This information, coupled with a knowledge of the various tools and
protocols in use on the Internet, can lead to a multitude of creative applications in
telemetering and other fields. The following paper is a survey of various uses, tools,
and example applications in which the Internet serves to increase effectiveness and
decrease time and expense in the performance of these tasks.



INTERNET USE FOR DATA TRANSFER

The Internet is revolutionizing communication and data transfer in many fields of
investigation and research. Some of the most important contributions include:

1) Real time data transfer over large distances.
2) Availability of extensive data sets from previous experiments.
3) Promotion of experimental design collaboration among parties at long

distances from one another.
4) Remote experimental coordination and execution.
5) Effective small or large business WAN (Wide Area Net).

One of the simplest yet most important applications for the Internet is its ability to
transfer real time data anywhere in the world. This allows for a variety of applications
in telemetry (some of which are discussed in detail later). This real time ability also
lays the groundwork for an interconnected business world which will achieve
unprecedented levels of efficiency in communication.

One of the more important contributions the Internet has made is to provide immediate
access to any current knowledge on a particular subject. This knowledge helps to
prevent much of the overlap in the types of research undertaken. It also serves to
enhance the work being done by providing updated information from all areas of the
world. RFCs (Requests for Comments) on a multitude of topics are sent out for
comments by colleagues so that the information published is as current as possible.
The most important aspect of the Internet is that it is not a static resource tool. It is
constantly growing and changing, thus providing different information depending on
when it is accessed. It is the most current information source in the world.

Since long-distance computer connections can easily be made through the Internet,
experimental collaborators from different Universities, government agencies,
businesses, or even from different countries do not need to travel to exchange ideas
quickly. With remote 1ogin, electronic mail, chat protocols, and file transfer protocols,
two or more people can easily contribute to a project or experiment without ever
having met in person. This allows for more people to be involved in an experimental
design. The Internet can also serve as a large common area for brainstorming which
has an enormous potential for generation of fresh new ideas and constructive criticism
of existing ideas.

Once a remote design has been formulated the experiment need only take place in one
location. The remote collaborators for the experiment can then observe the results in
real time or even control the experiment in conjunction with the people who are



located at the experimental site. Once the experiment is complete, the results can
easily be made available to other investigators.

Another application the Internet is well suited for is as a Wide Area Net (WAN) for
small or large businesses. This would be especially effective if the business were
located at multiple distant locations (an ideal example would have divisions located at
various places around the world). The mail and chat protocols would help keep travel
costs down and having a linked computer system would allow anyone at any site to
keep track of what is going on at the other sites. Any information located on one site
can easily be transferred to the other sites with the file transfer protocol. In addition,
the aforementioned applications are also available as resources.

In this paper we will explore items 1, 2, and 3 in some detail. Suppose someone were
interested in atmospheric cloud data from a laser radar remote sensing station. They
could use some of the tools of the Internet to retrieve archived information to analyze
or they could set up a real time transfer link to get data as soon as the station gathers
it. A more detailed analysis of this situation will be examined after the tools of the
Internet are described.

TOOLS

The hardest part in describing what exactly is available on the Internet is that the
Internet can be described as having a life of its own. The half life of an average
service on the net is approximately four years. This means that in one year about one
quarter of the net will not be in existence in the same way it is today. Because of this,
the most current catalogs of information and tools are available only on-line. Even so,
there is much that can be learned that will not change soon. The most important of
these things are the tools with which the Internet is traversed. Following is a brief tool
by tool description of what is used (for now) on the Internet.

To be able to access the Internet you must connect to a server which allows you to run
the various applications available. The most common server type occurs at the various
educational learning institutions around the world but commercial links are growing
every day. Most of these servers use a Unix or Unix compatible operating system.

Some common applications on Unix severs (each one will be described in greater
detail) are [1], [2]:

telnet remote login to sites on the Internet
archie string search for FTP sites
FTP file transfer protocol



mail/elm/pine electronic mail readers
m/trn/tin usenet readers for accessing newsgroups
veronica string search for gopher sites
gopher menu driven program for FTP
WAIS "wide area information server"
WWW "world wide web" - graphical interface

A. Telnet:

The Internet's remote login protocol. It lets you sit at a keyboard and connect to any
computer server anywhere on the net. When you are connected, you are directly
working on that computer as if you were there. Using this tool, you can make use of
any services that are provided by the different hosts on the network. Telnet is used
only when an account on the remote system has already been established. Without a
remote account, access to the remote system will no be denied. However, there are
many systems that allow anonymous login for purposes of information retrieval.

B. Archie and FTP

FTP, or File Transfer Protocol, is the standard method by which data is transferred
across the Internet. Regardless of what kind of computers are connected or where they
are around the world, as long as they both use the FTP protocol they can transfer files.
FTP is widely used and available on most Internet connected machines. There exist a
large number of anonymous FTP sites that any user can log to without having an
account in advance. Because of this standardization and the existence of anonymous
sites there are a multitude of different data files and shareware applications available
through FTP.

With the availability of so much material one problem is deciding where to FTP to
retrieve the desired material. This problem is largely solved with the archie client.
Archie searches a database of known FTP servers for a string that you specify to
identify a certain topic. This is obviously a powerful tool when searching for specific
information in a space as large as the Internet.

C. Gopher and Veronica

A major complaint about the FTP client is that it is not user friendly. A much more
friendly Internet client, available on most machines, is the gopher server. It is a menu
driven system that allows for a much more visual view of the Internet. A good analogy
is that the FTP client is like a library with no card catalog system. The gopher is



useful is setting up that catalog system so that if you want to retrieve information
about a certain topic the gopher will do the work for you.

In addition to the index searches that can be performed at the particular gopher server
you may be on at the time, gopher allows you to search all other gopher servers for a
topic. This is done using veronica (analogous to archie). Veronica returns its search
results as another gopher page which then can be browsed through. Again, an
information string search is extremely effective in helping to location information
about a certain topic.

D. Email, Usenet News, and the IRC

Another valuable resource provided by most servers involves information and
communication. Email, or electronic mail, is probably the most widely used service on
the Internet. The Simple Mail Transfer Protocol (SMTP) and the Person to Person
(POP) protocol are the most common forms. Email has already begun to revolutionize
how communication is performed. Its importance should not be understated.

Usenet news is a collection of subject areas in which readers from around the net can
view messages (public email) from other readers on their own time. You can then post
new messages in the subject area, simply read along as other users have conversations,
ask questions, or yell at each other (referred to as "flaming"). There exist literally
thousands of these subject groups to browse through. The subject range is extremely
broad and it is useful as a public forum regarding ideas or information on most any
topic.

The IRC, Internet Relay Chat, is based on the same idea as the usenet except for the
fact that the IRC is a live subject interface. Live conference groups allow for more
information to be exchanged than the static mediums of email and the usenet.
Therefore, the IRC serves as an international free flowing idea exchange.

E. Wide Area formation Service

Wide area information ice (WAIS) is much like veronica in that it searches for
information on a topic. The main difference is that it searches on a particular indexed
library that specializes in a some particular topic. These specialized libraries tend to
be much more thorough in cataloging their information than a normal gopher client
would be. The WAIS libraries are themselves cataloged in the "directory-of-servers"
library. This Internet tool is still under construction and thus is not nearly as fully
developed as it soon will be.



F. World Wide Web

World Wide Web (WWW) is the newest and fastest growing client on the Internet.
The Web is based on hypertext technology which helps to make the Web the most
flexible tool for navigating the net. Hypertext allows for an extremely graphical
interface and point-and-click movements through the net. It is also the most powerful
of the Internet tools available since it can also access FTP, gopher, email, the usenet,
and WAIS [3].

The World Wide Web is growing by leaps and bounds every week. Each hypertext
document, or home page, can be thought of as a stop in the Web. One of the reasons
for the Web's popularity is the ease with which anyone can set up their own
personalized home page with connections to their other favorite home pages.
Therefore, the Web is branching out quickly on the Internet and is already the most
popular tool with which to navigate. Through use of these protocols a myriad of
differing applications can be achieved

EXAMPLE APPLICATIONS

In March of 1993 a robot from the Woods Hole Oceanographic Institute explored the
bottom of the Gulf of California [4]. Its raw data was flashed instantly over a tether to
a surface ship and then, via satellite link to an Internet Server, to computer networks
and researchers around the globe. This real time data transfer allowed more scientists
from more parts of the world to instantly start analyzing the data retrieved than a
non-linked scientific community would have.

In October, 1994, the U.S. Army Corps of Engineers performed an experiment to
gather a comprehensive data set of coastal processes under various conditions [5]. The
data from a variety of sensor buoys and other telemetry front ends was collected and
updated daily on a workstation. The workstation then served hypertext descriptions of
the experiments, graphics of processed data and electronic movies of coastal models
to scientists and researchers at over 80 different sites for analysis as soon as the data
became available.

Amy Galbraith, a graduate student in Electrical and Computer Engineering at the
University of Arizona, has gathered archived data from a laser radar remote sensing
station to examine cloud formation and composition. This data would take a great deal
of time to obtain without the Internet access. With access, no security clearances or
contacts or paperwork needed to be done. All that is necessary is the ability to use
FTP, the file transfer protocol.



Environmental scientists at Polytechnic University of New York have been working
for over a year to compile all environmental data available [4]. This data is located
deep in the archives of hundreds of computers around the world such as the
Environmental Protection Agency in Washington, the World Health Organization in
Geneva and the National Aeronautics and Space Administrations, which has volumes
of satellite data, By opening all archives possible the scientists can get a more
comprehensive data set then would conventionally be possible and thus the results of
analysis done on this data should be as accurate as possible.

Dr. Brendan D. McKay, a computer scientist at the Australian National University in
Canberra has been working with Dr. Stanislaw Radziszowsky, a mathematician at
Rochester Institute of Technology since 1990 when Dr. Radziszowsky sent Dr.
McKay an electronic query about his work [4]. Since then, they have exchanged
thousands of email messages over the Internet. While one works, the other sleeps.

HISTORICAL TRENDS

The beginning of the Internet was formed in 1969 by the Advanced Research Projects
Agency (ARPA) as part of the Department of Defense's reaction to the launching of
Sputnik and the threat of technical superiority of the Soviet Union. The ARPANET
started as a four host link and grew slowly throughout the 1970's. It was not until 1984
that the Internet (which started from and included the ARPANET) reached 1000 hosts.
As this point the growth rate increased steadily until the 1,000,000 host mark was
reached in 1992. Since that time the Internet has been growing at a rate that is beyond
exponential (see Figure 1) and has now reached an estimated 27.5 million users. This
incredible rate is expected to increase for at least the next few years [6].

A less scientific but no less revealing trend in Internet growth in telemetering fields
can be seen by examining the Proceeding of the International Telemetering
Conference over the last few years for Internet related telemetering papers. Even as
recently as 1989 telemetering applications by modem were a "novel approach for
telemetry transmission of computer data." It was not until 1992 that a paper
specifically mentioned the Internet as being a viable part of a telemetering application.
In 1993 that number grew to three papers and in 1994 five paper mentioned the
Internet. Even though this is an incomplete analysis method the trend of the Internet
increasing as a telemetry tool is clearly illustrated [7].

A third method for analyzing the growth rate of the Internet is to simply measure the
amount of bytes transferred or "traffic" on the net on average per day. In addition,
which protocol is used to transfer those bytes can also be tracked. Due to the
difficultly in measuring the transfer rates on the entire Internet, only the traffic on the



Figure 1

National Science Foundation Net, or NFSNET (a small portion of the total Internet)
has been measured [6]. The results, seen in Figure 2, clearly point to an increase in the
use of both the File Transfer Protocol (FTP) and the World Wide Web (WWW), two
of the most heavily used of the protocols.

Figure 2



CONCLUSION

It is of vital importance for people in the telemetering field to have access to the
powerful resources that Internet connectivity provides. As the Internet grows and
changes, its resources and usefulness grow and change as well. This is an area of
enormous potential that up until recently has been undeveloped. The potential has still
barely been tapped even though it is becoming a major tool in some telemetering
applications. The dynamic platform for information exchange and near real time
application that is the Internet will only continue to improve upon its own capabilities
as a telemetering resource. Future applications will reflect these evolving capabilities.
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