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ABSTRACT

The Inter-Range Instrumentation Group (IRIG) introduced the Telemetry Attributes
Transfer Standard (TMATS) in IRIG 106-93. This long needed standardization was
designed to provide a common thread through which test programs could move from
one test range to another without significant re-work in the setup environment.
TMATS provides the definition of telemetry attributes and specifies the media and
data format necessary to permit the ready transfer of the information required to setup
telemetry receiving/processing functions at a test range. These attributes are defined
as those parameters required by the receiving/processing system to acquire, process
and display telemetry data received from a test item or source.

As the telemetry vendor community develops more and more board level products
designed to be integrated into various platforms such as Personal Computer (PC),
VME, and VXI, the necessity of providing a setup environment, which is independent
of a specific vendor product, becomes essential. An significant advantage of TMATS
lies in its ability to provide a mechanism for setup of “multiple vendor systems” wit h-
out the necessity of restructuring telemetry attribute information for each unique ve n-
dor’s product. This paper describes the use of TMATS for the setup of a VXI based
telemetry acquisition system containing board level products (including Antenna
Control Units, RF Receivers, Combiners, Bit Synchronizers, PCM Decommutators,
and PCM Simulators) from multiple ve ndors.
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INTRODUCTION

Significant advances in technology (mostly in miniaturization and performance) over
the past decade have complicated implementation decisions for the System Integrator
or Test Range Engineer who is preparing to acquire and/or build a new or replacement
data acquisition system for mission support. A typical flight test mission support sy s-
tem consists of the following major components:

1. Telemetry Acquisition Component :  This component consists of the hardware
necessary to acquire the telemetered data (Telemetry Antenna, Antenna Contro l-
ler, RF Receivers, Combiners, etc.), provide signal conditioning, and deliver the
data to the telemetry data decommutation and proces sing component.

 
2. Telemetry Data Decommutation and Processing Component :  This compo-

nent consists of the necessary hardware and software to synchronize and d e-
commutate the data stream into unique measurands, perform data manipulation
(e.g. number systems conversion, concatenation, etc.), perform Engineering
Units Conversion, provide data for presentation to the test engineer, and storage
of raw/processed data.

 
3. Data Presentation Component :  This component consists of the necessary

hardware and software to present, in real-time, data to the test engineers at di s-
play stations including graphical workstations, strip chart records, alarm panels,
and general purpose displays.

These major components have been typically provided by one of several telemetry
vendors specializing in that particular component. For instance, the telemetry acquis i-
tion component would be provided by a vendor which specialized in telemetry trac k-
ing antennae and RF signal acquisition. Hardware within this component would be
homogeneous (or at least components of the same function would be from the same
manufacturer). Another example is the telemetry data decommutation and processing
component. This component would be provided by a single vendor specializing in t e-
lemetry data processing equipment. The hardware internal to this component is typ i-
cally provided by the same vendor and is delivered completely integrated and self
contained.

The only variation to this homogeneous theme can be seen in the data presentation
component. Most suppliers of telemetry data decommutation and processing equi p-
ment provide a data presentation capability. However, some integrators choose to d e-
velop their own capability using a combination of custom developed displays and
commercial-off-the-shelf (COTS) hardware and software.



In the recent past, the hardware necessary to provide the mission support capability
represented above consisted of several racks of equipment provided by only a few
vendors. Today, however, with the technological advances made in computational
platforms (Personal Computers, single board computers, VME, and VXI), a system
capable of providing significant telemetry data processing performance can be housed
in a single 19” rack-mountable chassis. In addition, the advent of board level telemetry
products such as RF receivers, combiners, Antenna Control Units, Bit Synchronizers,
PCM Decommutators, Simulators, and single board computers allow a multiple ve n-
dor solution to be impl emented.

Configuring a telemetry system today is analogous to building a personal computer for
home or office use: Selecting the processor power desired (386, 486, Pentium); Selec t-
ing the desired graphics adapter and manufacturer; Selecting the type, size, and man u-
facturer of disk storage; Selecting the type, size, and manufacturer of input devices;
Selecting the type, size, and manufacturer of output devices; and finally selecting the
most performance and capability for the dollars available in the budget.

With the plethora of board level products available from multiple vendors (similar to
the personal computer industry), it is not difficult to select the components which will
satisfy the requirements of the modern telemetry station. The difficulties encountered
revolve around the setup and control of these products in a heterogeneous enviro n-
ment. Each product vendor provides some sort of setup capability (no two alike) for
their hardware which may consist of Windows applications, DOS applications, UNIX
applications, or simply device drivers delivered as source code in “C” or assembly
language or dynamic linked libraries (DLLs). This creates a complex problem for the
system integrator who must make all of this equipment work together as a single sy s-
tem.

One solution to these problems can be found in the Telemetry Attributes Transfer
Standard (TMATS) which is defined in IRIG 106-93 Chapter 9. TMATS provides a
common set of telemetry attributes which can be used to describe, for instance, a PCM
format independent of the equipment being used in the system. This paper discusses a
practical application of TMATS in a multiple vendor environment.

A MULTI-VENDOR SYSTEM

Figure 1 below represents a multiple vendor telemetry acquisition system which has
been implemented on the VME Extensions for Instrumentation (VXI) platform. This
integrated, self contained telemetry system consists of all of the necessary equipment
to track, acquire, process, archive, and display telemetry data from the test item.
Equipment was selected for this system to insure a heterogeneous environment for



demonstration purposes. Each module is set up via the ISA Bus, VME/VXI Bus, or
IEEE-488 utilizing a COTS package called Interactive Telemetry Acquisition and
Control Software (ITACS).
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Figure 1 - A Multi-Vendor Telemetry System

To provide maximum flexibility for the setup of this multiple vendor telemetry system
(VXI-2000), TMATS was selected as the foundation for telemetry attribute inte r-
change with the outside world. TMATS support software tools were utilized to pr o-
vide a seamless interface to the ITACS setup and control software. These tools will be
discussed later in this paper.

WHY CHOOSE TMATS?

Chapter 9 of the IRIG 106-93 Telemetry Standards document defines the syntax and
usage of the Telemetry Attributes Transfer Standard (TMATS). TMATS defines the
telemetry attributes which are required by a typical telemetry receiving and processing
system. TMATS provides the definition of these telemetry attributes and specifies the
media and data format necessary to permit the ready transfer of the information r e-
quired to set up a telemetry receiving and processing system at a test range. Figure 2
below pictorially repr esents the TMATS file structure.



The attributes defined by TMATS are those parameters required by the recei v-
ing/processing system to acquire, process and display the telemetry data received from
the test item or source. Each attribute is represented by a unique code name and ass o-
ciated data.
These attributes are divided into the following groupings:
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Figure 2 - TMATS File Structure



Attribute Group Cat egory Description

General Information Defines various top-level program definitions
and defines each data source used within this
TMATS file.

Transmission Attributes Describes each RF link that was defined in the
General Information Section.

Tape Source Attributes Describes each tape data source defined in the
General Information Section.

Multiplex/Modulation Attri b-
utes

Defines each FM/FM, FM/PM, or PM/PM
multiplex characteristic. For analog measur e-
ment, this section defines a link to the Data
Conversion Section.

PCM Format Attributes Defines the format and various characteristics
of a PCM data stream. This definition includes
subframe and embedded format descri ptions.

PCM Measurement A ttributes Defines and describes each PCM measurand to
the system. This definition includes the mea s-
urand location(s) and measurement names.

1553 Bus Data Attributes Defines each 1553 data stream by defining the
various messages and their loc ations.

PAM Attributes Definition of the Pulse-Amplitude Modulation
system. This includes PAM format characteri s-
tics and measurement a ttributes.

Data Conversion Attri butes Defines the various conversions that are be
applied to defined mea surements.

Airborne Hardware Attri butes
This section was recently added to the TMATS
specification (5 May 1995). It defines the sp e-
cific configuration of airborne instrumentation
hardware in use on the vehicle u nder test.

The TMATS file may contain multiple definitions for various configurations. A
TMATS file is structured similarly to a hierarchical database allowing a user to e x-
tract the necessary information for a particular setup.

The primary considerations for using TMATS are represented in the following:

• A single TMATS file contains the entire description of a test system from o n-
board transducers through EU converted data as one “database” of definitions
and descriptions. By incorporating TMATS, projects can be easily transported
between different hardware and software platforms and test ranges.



• Although TMATS is gaining support throughout the flight test community,
there is still much hesitation to convert to TMATS. This is understandable,
given that until recently, there were no commercial products available to allow
easy migration to/from TMATS. With more and more government procur e-
ments specifying TMATS, the need to be able to support this standard is i n-
creasing.

 
• TMATS, like any other “setup file”, can be difficult to read/maintain/edit wit h-

out additional tools. Although TMATS is an ASCII file, it can be quite large
with even the most modest PCM definitions. In order to create or edit a TMATS
file manually, the user must be quite familiar with the “keywords” and syntax of
a TMATS file. This is a job not too well suited for the everyday word processor,
since the simplest error could result in an inv alid TMATS definition.

 
• Many vendors are now offering TMATS support in their systems and COTS

developers are offering tools to maintain TMATS structured data files. Wi n-
dows based COTS software tools are available to allow users to create, edit and
maintain TMATS files in a simple, easy to use environment. With these COTS
applications the TMATS structure becomes invisible to the user and is replaced
with a more friendly graphical format, allowing the user to visualize the various
data formats in the TMATS file.

SYSTEM IMPLEMENTATION

Once TMATS was selected as the primary setup interface for this system it was ne c-
essary to provide a mechanism to translate the TMATS flat file to the software which
would actually load the telemetry equipment incorporated in the VXI-2000 system.
This was accomplished by building an OTIS translator module which ingested the
TMATS structures and built the appropriate ITACS structures for module loading.
Like most telemetry system setup software, ITACS supports the input of a flat file to
provide setup information. Figure 3 shows this process.



Figure 4 is a sample of the graphical user interface provided by the Open Telemetry
Interactive Setup (OTIS)  COTS software which provides support for the TMATS
standard. Utilizing this software on an IBM Compatible PC under the Microsoft Wi n-
dowsTM environment, the user can define all of the information necessary to setup the
multiple vendor telemetry system without regard to the unique characteristics of the
individual modules configured in the system. This software supports the full TMATS
standard including general mission definition, RF and Tape source definition, PCM
format definition, 1553 bus data definition, measurement definition, data conversion
definition, and if necessary, ai rborne hardware definition.

As a set of TMATS support tools, the
OTIS family of products provides the b a-
sic utilities which are necessary to inte r-
pret and create TMATS files using a s o-
phisticated graphical user interface (GUI)
which is designed to simplify the task of
using TMATS as a general setup enviro n-
ment. Although the TMATS format was
initially created to be a mechanism of
transferring information pertaining to
mission setup between test facilities, its
internally consistent structures lend it to
becoming a viable setup environment for
systems such as those described in this p a-
per. TMATS has the facilities to support the majority of the information (85% - 95%)
for most large and small telemetry receiving and processing sy stems.
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Translate
to

Vendor Format

Vendor
Specific
Flat File
Format

Figure 3 - Translate from TMATS to ITACS File Structures using OTIS-Tn

PCM Format Window

Figure 4 - PCM Format Definition using OTIS-9



The operational interface for the VXI-
2000 is accomplished utilizing the
commercially available Interactive T e-
lemetry Acquisition and Control Sof t-
ware (ITACS) which was enhanced to
support the VME/VXI interface pla t-
form. ITACS, which is also a Microsoft
WindowsTM application, provides the
following support for the system oper a-
tor:

• Interactive environment for setup,
monitor, and control of the telemetry
equipment over VME/VXI, IEEE-
488, and RS-232 interfaces.

• Definition and Maintenance of Sy s-
tem Configuration.

• Definition and Restoration of Mission
Configuration.

• Off-line and real-time operations
• Preparation of a Mission Log
• Preparation of an AGC log containing

time tagged AZ, EL, and AGC levels
• Generation of various reports.
Figures 5, 6, and 7 represent samples of the
interactive windows which provide control

and status monitoring for the decommutator, RF receiver, and bit synchronizer r e-
spectively.

All of the telemetry attributes for the in i-
tial setup of the system are provided by
the translation of TMATS files into the
internal database of ITACS. Equipment
which is not supported by TMATS (e.g.
power meter, switch assembly, GPS
Time, and Bit Error Rate Tester) are
configured using standard ITACS mo d-
ules and stored in the internal database.
This translation allows for support of any
mission coming from another range or
test facility using TMATS as the transfer mech anism.

Figure 5 - Decom Setup using ITACS-VME

Figure 6 - Receiver Setup using ITACS-VME

Figure 7 - Bit Sync Setup using ITACS-VME



In addition to supporting the import of the TMATS structures, the system allows for
the export of TMATS files from the internal ITACS databases using an OTIS Bridge
Module. This bridge from ITACS to TMATS provides all of the setup information
which is supported by the standard in the appropriate attribute definition structure.

Of course, the setup information which is not included in the standard will not be
transferable to the outside world as easily as those which are.

CONCLUSION

No solution will ever be perfect, or cover every possible combination of telemetry
system components, however IRIG 106-93 Chapter 9 (TMATS) adequately satisfies
its goal “... to provide a common format for the transfer of information between the
user and a test range or between ranges. This format will minimize the ‘station unique’
activities that are necessary to support any test item ...”.

This paper represents a successful and practical example of the use of TMATS to
solve the setup problems posed by today’s’ modern, multiple vendor, telemetry a c-
quisition and processing systems. At first glance, TMATS may appear to be another
complicated and difficult to use setup environment which is reminiscent of the days
when card readers and paper tape were the standard input medium for telemetry sy s-
tem setup. However, a more detailed analysis will reveal that the internal structures of
TMATS were designed to encourage the use of modern database technologies and
graphical user interfaces. The availability of utilities developed around the standard
will encourage wide-spread use of TMATS among telemetry system users and the
vendor community.
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NOMENCLATURE

AGC Automatic Gain Control ITACS Interactive Telemetry Acquis i-
tion and Control Software

AZ Azimuth OTIS Open Telemetry Interactive
Setup

COTS commercial-off-the-shelf PC Personal Computer (IBM Co m-
patible)

EL Elevation PCM Pulse Code Modulation
EU Engineering Units RF Radio Frequency
GPS Global Positioning System TMAT

S
Telemetry Attributes Transfer
Standard

GUI Graphical User Interface VME Versa Module Europa
IRIG Inter Range Instrumentation

Group
VXI VME Extension for Instrume n-

tation


