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ABSTRACT 
 
This paper describes the basic foundations of XML and the description of a JAVA-based 
eXtensible Markup Language (XML) prototype application being developed for the E-9A 
Airborne Telemetry Platform.  In an effort to eliminate proprietary software and improve 
range safety data exchange, radar boat position data will be tagged with pre-defined 
XML tags prior to being transmitted from the E-9A. Ground Station software will then 
processes the XML-based boat position data to provided a means for ground station 
personnel to strip out data and distribute over the Internet.  Leveraging XML for a 
telemetry application provides the ability to efficiently exchange telemetry data between 
users over the Internet and harness a web based standard with industry wide support. 
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INTRODUCTION 
 

There are only two E-9A aircraft in the USAF inventory, both of which are stationed at 
Tyndall AFB.  In addition to its other mission requirements, the Sea Surveillance Radar 
system on the E-9A is used to locate an area on the Eglin Gulf Range clear of surface 
vessels for live-fire weapons test.   

 
 
 
 
 
 
 
 
 
 
 

 
 



Up to twenty boat positions are down linked once per minute via a High Frequency (HF) 
modem for display at the Range Control Facility (RCF).  Range safety personnel at the 
RCF use this boat position information to determine a clear area in which to conduct 
live-fire missile tests.  

 
Different facilities on the Eglin Gulf Range use redundant equipment with proprietary 
software to receive and display the E-9A boat data.  This increases maintenance and 
support costs leaving no room for enhancements or modifications to the downlink. 
 
In an effort to increase system functionality and improve data exchange, the radar boat 
position data will be tagged with pre-defined XML tags prior to being transmitted from 
the E-9A.  Software will then be developed to parse the XML-based boat position data 
to provide a means for ground station personnel to strip out data for real-time displays.  
With the use of XML, the boat position data sent from the E-9A will be more efficiently 
archived and exchanged between range safety personnel using commercial off-the-
shelf web-based applications thus reducing costs and improving overall safety on the 
Eglin Gulf Range.  

 
WHAT IS XML? 

  
XML is designed to improve the functionality of the Web by providing more flexible and 
adaptable information identification.  It is called extensible because it is not a fixed 
format like HTML.  Instead, XML is actually a `metalanguage' - a language for 
describing other languages - which lets you design your own customized markup 
languages for limitless different types of documents.  
 
XML is easy and straightforward to use: easy to define data types, easy to author and 
manage data, and easy to transmit and share data across the Web.  It defines an 
extremely simple dialect that is completely described in the XML Specification.  The 
goal is to enable data to be sent, received, and processed in the way that is now 
possible with HTML.  For this reason, XML has been designed for ease of 
implementation, and for interoperability with HTML.  XML is not just for Web pages: it 
can be used to store any kind of structured information, and to enclose or encapsulate 
information in order to pass it between different computing systems which would 
otherwise be unable to communicate.  It removes two constraints that were holding 
back Web developments: 

1. Dependence on a single, inflexible document type (HTML) which was 
being much abused for tasks it was never designed for;  

2. The complexity of full SGML, whose syntax allows many powerful but 
hard-to-program options.  

XML allows the flexible development of user-defined document types. It provides a 
robust, non-proprietary, persistent, and verifiable file format for the storage and 
transmission of text and data both on and off the Web; and it removes the more 
complex options of SGML, making it easier to develop software programs. 



XML itself is not sent between computers. However, XML is used to describe the data 
that can be transferred. For instance, a software tool reads the XML, automatically 
creates an appropriate user interface for issuing commands, and finally sends the 
commands in response to user input. When responses come back, the same tool can 
interpret the incoming data and automatically present it with an appropriate user 
interface. 
 
Before an XML application can be developed, designers must agree on three things: 
which tags will be allowed, how tagged elements may nest within one another and how 
they should be processed.  Creating and defining tags is relatively easy.  Determining 
how they are processed is more complicated because requirements must be defined 
and software must be developed.   
 
The first two--the applications tag vocabulary and structure--are typically codified in a 
Document Type Definition, or DTD.  The XML standard does not compel language 
designers to use DTDs, but most new languages will probably have them, because they 
make it much easier for programmers to write software that understands the markup 
and does intelligent things with it.  Programmers will also need a set of guidelines that 
describe, in human language, what all the tags mean.  The purpose of a Document 
Type Definition is to define the legal building blocks of an XML document. It defines the 
document structure with a list of legal elements.   A DTD can be declared inline in your 
XML, or as an external reference.   
 
Once you have defined the structure of XML data using a DTD, a large part of the 
processing you need to do has already been defined.  A DTD provides a grammar that 
tells which data structures can occur, in what sequences. That specification tells you 
how to write the high-level code that processes the data elements. 
 
There are a number of reasons for XML's surging acceptance:  
 
Plain Text  
 
Since XML is not a binary format, you can create and edit files with anything from a 
standard text editor to a visual development environment. That makes it easy to debug 
your programs, and makes it useful for storing small amounts of data. At the other end 
of the spectrum, an XML front end to a database makes it possible to efficiently store 
large amounts of XML data as well. So XML provides scalability for anything from small 
configuration files to a wide data repository. 
  
Data Identification  
 
XML tells you what kind of data you have, not how to display it. Because the markup 
tags identify the information and break up the data into parts, an email program can 
process it, a search program can look for messages sent to particular people, and an 
address book can extract the address information from the rest of the message. In 



short, because the different parts of the information have been identified, they can be 
used in different ways by different applications.    
  
Easily Processed  
 
As mentioned earlier, regular and consistent notation makes it easier to build a program 
to process XML data. For example, in HTML a <dt> tag can be delimited by </dt>, 
another <dt>, <dd>, or </dl>. That makes for some difficult programming. But in XML, 
the <dt> tag must always have a </dt> terminator, or else it will be defined as a <dt/> 
tag. That restriction is a critical part of the constraints that make an XML document well-
formed. (Otherwise, the XML parser won't be able to read the data.) And since XML is a 
vendor-neutral standard, you can choose among several XML parsers, any one of 
which takes the work out of processing XML data.  
 
By using XML to describe how data moves between computers and instruments, 
manufacturers no longer need to create custom software, specialized device drivers, 
and/or distributed objects to communicate with their products. Instead, an instrument 
manufacturer will only need to provide an XML description of how the communication 
takes place. Tools that can parse and interpret the XML will be able to automatically 
generate the required user interface to control the instrument, automatically construct 
messages to the instrument, and automatically display the data that is returned.  
 

WHY JAVA? 
 
When the data structure is fully specified, the code you need to process it can just as 
easily be generated automatically. That process is known as binding--creating classes 
that recognize and process different data elements by processing the specification that 
defines those elements. As time goes on, software developers will find that they are 
using the data specification to generate significant chunks of code, so they can focus on 
the programming that is unique to your application.  
 
The Java programming language is excellent for writing XML-processing tools that are 
as portable as XML. Several Visual XML editors have been written for the Java 
platform.  Java technology offers a substantial productivity boost for software 
developers compared to programming languages such as C or C++. In addition, 
developers using the Java platform can create sophisticated programs that are reusable 
and maintainable compared to programs written with scripting languages. Using XML 
and Java together, developers can build sophisticated, interoperable Web applications 
more quickly and at a lower cost.   
 
To achieve the goal of XML processor independence, an application should limit itself to 
the JAVA Application Programmer Interface (API) and avoid implementation-dependent 
APIs. This may or may not be easy depending on the application. JAVA includes 
industry standard APIs such as DOM and SAX. 
 



SAX is an event-driven XML parser that is appropriate for high-speed processing of 
XML because it does not produce a representation of the data in memory. DOM, on the 
other hand, produces an in-memory data representation, which allows an application to 
manipulate the contents in memory. Both SAX and DOM automatically perform 
structure validation. An application could perform content validation with SAX and DOM, 
but such an application must provide the necessary extra code, which might be 
complicated, error-prone, and difficult to maintain. 
 
XML is pretty simple, and very flexible. It has many uses yet to be discovered—industry 
is just beginning to scratch the surface of its potential. It is the foundation for a great 
many standards yet to come, providing a common language that different computer 
systems can use to exchange data with one another. As each industry-group comes up 
with standards for what they want to say, computers will begin to link to each other in 
ways previously unimaginable. 
 

A DEMONSTRATION OF XML ON THE E-9A 
 

The use of XML on the E-9A boat position downlink is a perfect test platform for the use 
of XML in a telemetry application.  The data rate is low and the size of the data packets 
is extremely restricted.  This is beneficial not only for this particular application but 
provides for a beneficial learning environment for software developers.  However, the 
simplicity of this effort does not imply that XML is only meant for limited applications.  To 
the contrary, XML can handle any level of complexity. 
 
The parameters currently sent from the E-9A to the Eglin ground stations are broken 
down into a serial stream of twenty 8-byte messages in the following format: 
 

 
Y-VELOCITYX-VELOCITY Y-COORDINATEX-COORDINATE VALID (1/0) ID 

The aircraft and target position data is in a flat earth XY coordinate with True North +Y 
and east +X.  The position data is relative to the latitude and longitude of Tyndall AFB, 
Fla.  The conversion to the XY coordinate systems takes into account the curvature of 
the Earth and in the case of the aircraft data, the aircraft altitude.  The velocity vector in 
XY is required for the aircraft and the target.  Setting the ID to 127 identifies the aircraft 
data.  The target data is reflected by the corresponding data ID set to a value between 0 
and 99.  On power up, all 20 targets slots are unused and are identified with a value of 
00.  When a target that has been tagged is deleted, the data ID for this target is 
transmitted and the delete target bit shall be set to one.  The initial target data has the 
velocity vector set to zero and is updated accordingly on subsequent taggings.  The 
message protocol is defined as a compete set of aircraft and target datums, consisting 
of 21 different datums.  This message is transmitted once every minute.  The most 
current information on the tagged target is required to be transmitted during the next 
transmission period.  In each message, the aircraft message is transmitted first, 
followed by the 20 target datums.   
 



The first step in the process towards an XML based application is to determine whether 
one needs to use a DTD.  For the E-9A boat data downlink, a DTD is not necessary at 
this time. The process to convert the E-9A boat data to a XML-based format prior to 
transmitting requires inserting a laptop between the radar and the HF modem.  The 
laptop reads the serial output of the radar, adds the appropriate XML tags to the data, 
and then sends the data out through a second serial port connected to the HF Modem. 
 
 

HF Modem & 
Transmitter 

LaptopSea Surveillance 
Radar RS-232 RS-232 

 
 
 
 
 
 
A sample image of the XML-based data for this particular application is as follows: 
 
<?xml version="1.0"?> 
<E-9A Boat Data> 

<ID>127</ID> 
<VALID>0 </VALID> 
<X-COORDINATE>419</X-COORDINATE> 
<Y-COORDINATE>727</Y-COORDINATE> 
<X-VELOCITY>51</X-VELOCITY> 
<Y-VELOCITY>38</Y-VELOCITY> 
<ID>1</ID> 
<VALID>0 </VALID> 
<X-COORDINATE>2231</X-COORDINATE> 
<Y-COORDINATE>-1302</Y-COORDINATE> 
<X-VELOCITY>0</X-VELOCITY> 
<Y-VELOCITY>0</Y-VELOCITY> 

</ E-9A Boat Data > 
 
For simplicity, the above example shows only two of the twenty-one target datums.   
 
The ground station software then receives the data and uses standard Java based APIs 
to parse the data.  Information required for real-time displays is then forwarded to the 
required range safety locations.  Other information, non-pertinent for real time displays, 
is archived for trend analysis and possible future requirements. The Java classes 
parsing the data also provide error checking to ensure integrity of the data.    
 
After validating this initial XML demonstration, plans include incorporating additional 
parameters to the HF downlink such as aircraft bus data and telemetry mission 
equipment  data. 
 

CONCLUSION 
 

The concept of XML & Telemetry really seems too simple to be true.  Yes, this is a very 
simple demonstration of the flexibility of XML.  But the ramifications of this technology 
are very far reaching.  With respect to the telemetry industry, some questions about the 



effect of using XML have yet to be answered. First, what is the cost, in dollars and 
bandwidth, of inserting XML in the real-time environment?  Secondly, who will develop 
the software needed to handle the XML based telemetry?  The final answer on how 
XML will be used in the telemetry community will probably come down to a compromise 
– use XML for post mission data processing and inter-range data exchange and 
implement XML telemetry into new systems.  Individuals involved in the requirements 
phase of new systems should consider specifying XML as a part of their real-time 
telemetry relay. 
 

ADDITIONAL INFORMATION 
 

Organizations 
 
World Wide Web Consortium (W3C)    http://www.w3c.org/  
  
General Information 
 
“An XML Vocabulary for TMATS”, Bob Downing, SYMVIONICS, Inc., ITC Proceedings 
 
Spacecraft Markup Language (SML) 
 
XML in 10 points 
 
Java Technology and XML 
  

http://www.w3c.org/
http://www.oasis-open.org/cover/spacecraftML.html
http://www.w3.org/XML/1999/XML-in-10-points
http://java.sun.com/xml/



