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ABSTRACT 
 
One problem facing telemetry engineers is the ability to easily translate telemetry attributes from one 
system to another.  Engineers must develop a written set of attributes that define a given telemetry 
stream and specify how the telemetry stream is to be transmitted, received, and processed.  
Telemetry engineers take this document and create the configuration for each product that will be 
exposed to the telemetry stream (airborne, ground, flight line).  This process is time-consuming and 
prone to error.  L-3 Telemetry-West chose to implement a solution using relational databases and 
eXtensible Markup Language (XML) to solve this and other issues. 
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INTRODUCTION 
 
A telemetry stream can generally be thought of as consisting of two parts:  the transmission side and 
the receiving side.  On the transmission side, a series of sensors is arrayed throughout a device in 
order to capture specific measurements.  These measurements are encoded into some kind of data 
stream in a pre-defined manner.  The data stream is then transmitted from the device, via radio, 
network, or other transmission technique to a ground station.  Since the data stream is pre-defined, 
engineers developing the receiving station can parse the incoming data into usable information for 
display and analysis. 
 
 

PROBLEMS WITH EXISTING IMPLEMENTATIONS 
 
The configuration information that describes the data stream, such as measurement or parameter 
word size, data rate, or format information that exists on both sides of the telemetry stream 
implementation is usually not easily transferable from one side to the other.  More often than not, the 
components used to make up a complete telemetry solution come from multiple vendors.  Getting 
these individual components to work together can be difficult and time consuming. 
 



Many implementations of telemetry systems utilize a proprietary format for the storage of telemetry 
configuration information, commonly called a database.  This database format is different for each 
vendor and many times, for individual products by the same vendor.  This can create problems for 
telemetry engineers who are unable to easily modify a given database without using vendor software 
or are unable to recover a database that has become corrupted. 
 
 

TELEMETRY ATTRIBUTES TRANSFER STANDARD 
 
The Telemetry Attributes Transfer Standard (TMATS) was designed to fill a void caused by the 
transition of programs from one test range to another.  This transition includes the definition of the 
data stream and the attributes used to describe the telemetry.  The transition from one range to 
another is not always clean, as different ranges supported different technologies and processes.  
Developing a TMATS standard allowed a telemetry stream and its attributes to be defined in a 
manner that could be recognized by everyone that needed to analyze the data stream.  The standard 
was written in such a way that the method used to define the data stream could be transferred from 
one computer to another in a system independent, machine-readable manner.  TMATS was also 
required because equipment designed by different manufacturers, or even by the same manufacturer, 
did not always work together using the same database or data formats.  One reason for that is fairly 
simple: all equipment does not support the same level of functionality.  For example, A given bit 
synchronizer might have functionality that is not supported by a different bit synchronizer.   
 
TMATS has some problems though.  TMATS is difficult to read, difficult to construct, and difficult 
to interpret into the format needed by the telemetry equipment.  Although the format might be well 
defined (in some cases), it is not always easy to convert a TMATS document into the configuration 
needed to setup multiple pieces of telemetry equipment due to the differences between equipment. 
 
 

XML FOR TELEMETRY ATTRIBUTES 
 
Extensible Markup Language (XML) is not exactly a new technology.  HTML and XML are based 
on the Standard Generalized Markup Language (SGML) technology developed for storing and 
transferring data used in text applications.  Hypertext Markup Language (HTML) is a derivative of 
SGML used for expressing data on the web.  All web browsers support HTML standards, though not 
all support all the latest standards.   Both SGML and HTML are limited by design.  They are meant 
to represent specific types of data and have defined structures from which applications meant to 
interpret their data can understand the document.  For example, in HTML the "<a> </a>" element 
defines an anchor element.  This element definition is absolute and cannot be changed. 
 
XML is different in that there is no specific element definitions for the data contained in the 
document.  This means that a given element can be defined to mean anything.  A solution 
implemented with XML consists of three distinct parts: the design of the document, an input 
component, and an output component. 
 
To begin this discussion, we should define a few terms.  The first line in a valid XML document is 
the XML declaration.  The declaration defines the version of the XML document, the encoding used 



for the document, and any other data that might be necessary to interpret the document.  The 
declaration is one possible use of a processing instruction.  Processing instructions may be placed in 
an XML document to indicate how the document should be read or processed.  They are always the 
first lines in the document.  The most common processing instruction is the XML declaration (<?xml 
version="1.0"?>), which must exist in order for the document to be well-formed.   
 

<?xml version="1.0" encoding="UTF-8"?> 
<DOCUMENT> 
    <ELEMENT ATTRIBUTE="Attribute data"> 
     Element Data 
    </ELEMENT> 
</DOCUMENT> 

 
The body of an XML document is made up of elements and data.  The preceding example illustrates 
the use of an XML header followed by the body of a document.  The body contains an XML 
document element and an inner element with an associated attribute.  Elements are the components 
of an XML document that contain data.  A valid XML document contains only one top-level element 
(the Root element).  An element tag begins with the element declaration (<ELEMENT>) and the 
element ends with the same declaration preceded by a "/" (as in </ ELEMENT >).  An element may 
contain other elements as shown below.   
 

<?xml version="1.0" encoding="UTF-8"?> 
<DOCUMENT> 
    <ELEMENT ATTRIBUTE="Attribute data"> 
     <INNERELEMENT> 
      Inner Element Data 
                </INNERELEMENT> 
    </ELEMENT> 
</DOCUMENT> 

 
The data for the element exists in between the element tags.  This data can itself be one or more 
elements.  An element can also contain attribute data.  Attributes are information that helps to 
describe the element more fully. 
 
For the purposes of this discussion, the example of a PCM telemetry data stream will be used.  Every 
telemetry stream has identifiable characteristics such as data rate, frame size, common word size, 
and synchronization information.  The fictional stream used in this discussion will consist of 16 
minor frames with 100 16-bit words per frame.  If we define the data stream using XML we get the 
following document (a minimum amount of information is shown for example purposes, obviously 
more information would be required). 
 
 
 
 
 
 



<?xml version="1.0" encoding="UTF-8"?> 
<DOCUMENT> 
    <PCMStreamInfo DataRate="2000000"> 
        <FrameDefinition> 
            <MinorFrame>16</MinorFrames> 
            <WordsPerFrame>100</WordsPerFrame> 
        </FrameDefinition> 
    </PCMStreamInfo> 
</DOCUMENT> 

 
One of the first things that can be noticed about this document is that it is readable.  A quick glance 
will allow the user to easily see that the data stream being described has a data rate of 2 megabits and 
is constructed from 16 100-word frames.   
 
Suppose that a manufacturer develops a decommutator module that can parse our fictional data 
stream.  This decommutator module can support only a single format.  The document developed 
above can describe the data stream for this decommutator module.  Now suppose that the same 
manufacturer develops a new decommutator module that can support multiple formats.  If we choose 
to add support for this new decommutator module, we can modify the preceding XML document to 
include format information as shown below.  
 

<?xml version="1.0" encoding="UTF-8"?> 
<DOCUMENT> 
    <PCMStreamInfo DataRate="2000000"> 
        <FrameDefinition> 
            <MinorFrame>16</MinorFrames> 
            <WordsPerFrame>100</WordsPerFrame> 
            <NumberOfFormats>1</NumberOfFormats> 
        </FrameDefinition> 
    </PCMStreamInfo> 
</DOCUMENT> 

 
The way that XML documents are interpreted, both XML documents are valid for both 
decommutator modules.  The reason is simple.  The interpreter can choose not to process a given 
element.  This same philosophy can apply to most other designs with one exception.  If a proprietary 
format were used to store the telemetry information, the designer would have to change the format of 
the proprietary file to support the new functionality.  It can generally be said that as those proprietary 
files are modified, they will no longer be compatible with older versions of software. 
 
While XML can provide an easy way to transfer and store human/machine readable data stream 
definitions, performance could be impacted when reading and writing large amounts of data.  
Although techniques are available for doing this (Xpath), a better solution is to use a relational 
database system. 
 
 



RELATIONAL DATABASES 
 
A relational database solves the problems presented by using proprietary databases, namely that user 
administration of those databases is limited to the tools provided by the vendor.  Using a relational 
database provides the user with a variety of tools for the administration and manipulation of data.  
The manufacturer of the database management system (DBMS) typically provides some tools, but 
other tools (both proprietary and open source) are available for the administration and modification 
of stored data.  A variety of relational database products exist.  Microsoft Data Engine (MSDE) is a 
re-distributable component of Sql Server that is available under certain circumstances, but currently 
limited to 2 GB of data.  MSDE can be upgraded to a full Microsoft Sql Server solution for more 
data storage and better administration tools.  MySql is an open-source database that is much less 
expensive than competing products, but does not support much of the functionality of more 
expensive products.  Oracle, Postgres Sql, and other products are also available. 
 
Programming for the relational database does not necessarily require specialized knowledge or API’s 
developed by the vendor.  Relational databases utilize the Structured Query Language (SQL) for 
control of the database.  Many developers already know this method of database access and 
companies can capitalize on this knowledge by using their existing developer base. 
 
Years after a project has ended, and the vendor has changed the format used for the storage of their 
data, the information stored in the relational database may still be read and modified.  Tools 
available for the modification of SQL databases will allow these databases to be modified or 
translated from the old format to the new format without relying on the vendor for a special 
conversion application. 
 
It is possible to modify the structure of a table in a relational database without losing the data stored 
in the database.  If the vendor changes the format of the data stored in the database, by adding a 
column, the old data is still available, viewable, and modifiable.  It becomes fairly simple to write an 
application that can modify the existing tables to support new database structures.  Existing DBMS 
functionality also allows for backups of entire databases prior to the modification of the database. 
 

Many database manufacturers now support XML as a native 
component of the DBMS.  A typical XML function of the DBMS 
might be to output the result of a database query as an XML 
document.  This output can be formatted to varying degrees by the 
implementing DBMS.  As a rule, this formatting has yet to provide 
the level of detail necessary to eliminate additional formatting by 
application code, but is sufficient to prove that relational databases 
and XML can work together to provide application solutions. 
 
Figure 1 shows how application software might be designed to work 

with both a relational database and an XML layer.  As you can see, the relational database stores the 
data for quick and easy access by the application, while an implemented XML layer allows the 
application to handle XML documents either stored in the database or from other sources. 
 

Relational Database 

Application Software 

XML Database Access 
Routines 

Figure 1 



CASE STUDY:  VISTA TELEMETRY GROUND STATION 
 
In 1998, L-3 Communications Telemetry-West made the decision to implement relational database 
support as part of its line of telemetry ground processing products.  A later decision incorporated 
XML into the product line.  These decisions were made to achieve three objectives: platform 
independence, product independence, and user flexibility.  Telemetry-West has several products 
including its System 550, Visual Test System (VTS), Avalon and Astra baseband processing system.  
Each of these hardware platforms has common elements as far as configuration is concerned.  In 
addition to the previously listed hardware platforms, Telemetry West developed Vista™ as an 
enterprise level solution to the management and control of the many products sold by Telemetry-
West.  The benefits for the customer include a common database format for each ground station, 
centralized database administration, and a common graphical user interface for the definition, 
analysis, and display of telemetry data streams. 
 
This combined design also has benefits for the vendor.  Relational databases have well-defined 
interfaces and a time-tested design.  A telemetry system manufacturer doesn’t have the need to spend 
time or money developing the database management system, interfaces to the database, and is not 
dependent on a single database management solution.  A large body of knowledge and experience 
exists for the relational database, making implementation easier.  Many customers already have 
relational database management systems in place.  Vista™ has the ability to work with these 
customers’ systems by implementing a generic database design from which it can support Microsoft 
SQL Server, Oracle, MySQL, and other database management systems. 
 
Another benefit derived from the use of relational databases is language independence.  Interfaces 
into relational databases exist in some form for almost every language.  This means that the 
manufacturer and the customer can leverage existing skills and technologies in developing telemetry 
configuration tools. 
 
XML provided Vista™ with the ability to easily transfer databases from one system to another via an 
import and export utility.  Since XML provides a format that both the computer and the user can 
easily read and understand, this tool became an invaluable tool for the support and debugging of 
telemetry configurations not internally developed.  In addition, these exported databases can also be 
viewed in a web browser, eliminating the implementation of proprietary tools for the viewing of 
exported configuration files. 
 
No telemetry stream configuration is usually ever developed correctly the first time.  There are 
almost always changes.  However, implementing an integrated solution such as can be had with 
VistaTec™ (allowing development of a single database that supports the creation of both the 
airborne PCM format and the ground processing tables from the same database) will allow the user 
to eliminate the necessity of transferring attributes between systems.  Implementing a version control 
system in a relational database creates some interesting challenges.  Telemetry-West chose to use 
XML as a solution for version control inside the Vista ground station software.  XML provided the 
perfect tool for wrapping several relational tables inside a single document that can then be stored 
back to the database in a compressed format (requiring less space) or stored to disk for transfer 
between systems. 
 



 
DIFFICULTIES WITH A RELATIONAL DATABASE AND XML SOLUTION 

 
Performance is one of the largest problems when implementing a solution using relational databases 
and XML.  Communication performance with a relational database server on a network is dependent 
on network traffic.  This means that updates to, and reads from the database should be minimized to 
achieve the greatest performance.  A careful analysis of query design and the use of application 
caching can help to diminish this problem. 
 
When designing an XML document, one might be enticed to make the XML document readable by 
making the element descriptions long.  This can be a trap for long databases that contain hundreds or 
thousands of records as these descriptions increase the size of the XML document.  However, since 
an XML document is nothing more than ASCII, it can be compressed using existing compression 
technology available in many languages and platforms.  The key to element naming is to find a 
balance between human readability and machine usability (the bigger the file, the longer it takes to 
load and search). 
 
 

RECOMMENDATION 
 
The Range Commanders Council should consider the possibility of transitioning the TMATS 
standard to an XML based format.  Although XML itself does not define elements, a mechanism is 
in place that accomplishes this task.  A document type definition (DTD) or XML schema serves this 
purpose by defining what elements an XML document that complies with the DTD or schema must 
contain and any constraints that may exist for those elements.  If an XML document is associated 
with a DTD or schema, and processing the XML document against the DTD or schema produces no 
errors, then the document is said to be valid.  A document may be validated against one or more 
DTD’s or schemas.  The created DTD’s or schemas would replace or augment the existing TMATS 
format. 
 

CONCLUSION 
 
XML and Relational databases can provide an invaluable solution for the development and 
implementation of a telemetry ground station.  XML provides a platform, product, and language 
independent manner of transferring and storing configuration information.  Relational databases are 
a proven technology that has an existing body of developers and knowledge that solves many of the 
problems created by the use of proprietary database formats.  The use of DTD’s or schemas 
authorized by the Range Commanders Council would allow manufacturers to develop products 
whose configuration is not tied to any particular product or manufacturer, yet flexible enough to 
contain the exceptions that exist for every manufacturers product.   
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GLOSSARY OF TERMS 
 
 
DBMS 
DTD 
RDBMS 
SQL 
TMATS 
XML 

Database Management System  
Document Type Definition 
Relational Database Management System 
Structured Query Language 
Telemetry Attributes Transfer Standard 
Extensible Markup Language

 




