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HOW THE USER RELATES TO A LARGE
RANGE TELEMETRY SYSTEM
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Electronic Engineer Principle Application Engineer

White Sands Missile Range, New Mexico Loral Data Systems
Sarasota, Florida 34230

ABSTRACT

The Telemetry Data Handling System (TDHS) at the Telemetry Data Center in White
Sands Missile Range (WSMR), New Mexico, has been in operation since January 1990. It
is one of the world’s largest integrated range telemetry systems, and certainly the most
versatile in weapons support capability. The system supports one of the world’s busiest
test ranges, serving all U.S. Military Services as well as NASA and others.

This paper looks at the White Sands system from the user’s view, examining the ways in
which it is configured for several weapons tests in a typical day, and the way in which it
can run foreground launch support and background pre-launch activities simultaneously.

This system has grown in functional capability since its installation, both in hardware and
in software. This paper analyzes that growth to see the reasons and methods. Also,
near-term additional growth is addressed.

OVERVIEW

Located in the Range Control Center, Building 300, the Telemetry Data Center (called
“TDC”) in this document) supports all telemetry data collection and real time processing
40 miles east-west and some 100 miles north-south in the Tularose Valley and San Andres
Mountains of southern New Mexico.

Because of its large expanse and advanced launch, tracking, telemetry, and analysis
facilities, WSMR serves a wide variety of users with an even wider variety of vehicles and
applications. There is a never-ending drive to enhance the accuracy, reliability, data rates,
and meaningful results which have characterized this range for several decades. This need
compelled the range to plan, procure, and install the new telemetry capability in the TDHS,
most of which was supplied on contract by Loral Data Systems (LDS).



The variety of testing at WSMR in both workload and mission complexity was a driving
factor in design of the TDHS. Mission support could consist of as many as four separate
programs in one day, each of which has unique telemetry types, formats and display
requirements. To meet these needs, the TDHS was designed to be readily reconfigured
from one mission to the next via loading of software setup files, repatching of tape
recorder input panels, and use of a “one-to-loading of software setup files, repatching of
tape recorder input panels, and use of a “one-to-one” patchboard to route display signals
to strip chart recorders. Use of a powerful data simulation suite allows full checkout and
system validation before each mission starts. Through this design, the TDC has achieved a
turnaround time from completion at one mission to start of the next of 30 minutes.

Products of the TDC depend on the mission, of course. Typical products include:

! Realtime displays for the Range Safety Officer.

! Realtime displays for the vehicle design agency and its sponsors.

! Pen recorder charts for low-frequency analog data and discretes.

! Recording oscillograph charts for high-frequency data.

! Pre-detection magnetic tapes.

! Post-detection magnetic tapes.

! Nine-track computer tapes in either of three densities.

Data inputs for the various streams are shown later; the composite data input rate in a
fully-implemented configuration can go as high as 2,400,000 words (each up to 32 bits)
per second for each half of the TDHS while the throughput to archival disks can go as high
as 400,000 words per second from each half of the TDHS.

HARDWARE

The TDC functions are shown in the simplified block diagram, Figure 1.

Due to the large geographical area of WSMR and the irregular terrain, it is necessary to
use several telemetry receiving sites to insure continuous tracking of test vehicles. Three
receiving sites are located in fixed spots (two on mountain tops and one on the plains);
each of these has antennas, receivers, pre-detection recorders, and baseband relay
equipment. To handle the cases where a test extends into valleys which may be hidden



from all three receiving sites, the range has five mobile units, each with antennas, receivers
and relay equipment.

Realtime data inputs to the TDC come from the receiving sites by microwave relay or fiber
optics links. All data is stored on instrumentation recorders, even as it is decommutated,
processed, and displayed in realtime. Three recorder configurations are available (7-track,
14-track, or 28-track devices).

The TDC has totally-redundant data handling capability. One side can be used for
prelaunch setup and simulation or post-processing, while the other side is used to support
an active launch. The sides are known as Telemetry Data Handling System A (TDHS-A)
and Telemetry Data Handling System B (TDHS-B). Since the two sides are identical, the
following discussion relates to one side only.

Data inputs from all sources are routed through the Signal Distribution circuits, where any
input can be sent to one or more destinations under operator control. Thus an input device
can receive realtime data from any input link, playback data from any track of any
recorder, or simulated data from any simulator or calibrator.

Each side of TDHS has six PCM inputs, each capable of 20 Mbit/second operation. This
covers IRIG-standard PCM as well as several extensions of the IRIG standards. Each
PCM stream is conditioned by an EMR 8320 Bit Synchronizer, then decommutated by an
EMR 8330 Decommutator. The latter includes minor frame synchronization plus ID and
Recycle major frame synchronization. In addition, an asynchronous format can be handled
in each stream. With these units and all the succeeding equipment in the TDHS, words up
to 32 bits long can be handled.

The TDHS has two PAM inputs, each capable of 250 K samples/second for PAM/NRZ
data. This covers IRIG-standard PAM as well as several extensions. Each stream is
conditioned by an EMR 730 PAM Synchronizer, and each sample is output as a 12-bit
binary number. Up to three subframes are handled by the unit.

There is one FM system shared by the two sides of TDHS. Within the system are four
EMR 8470 Tunable Digital Multiplex Discriminators. An FM stream is routed to one
8470, which converts the analog multiplex to two digital outputs. The first, a 12-bit
parallel word, is not used. The second, a serial PCM stream, is routed to either TDHS A or
B, where it is processed as a standard PCM stream. For special FM needs such as
recovering Pre-Detection recorder data, the FM system also has six EMR 410 Tunable
Discriminators.



Range time is translated or separate time is generated by two Bancom Model M80 Timing
and Tape Control devices. The bit-parallel output of each unit is merged with data. Other
functions of the units include driving analog tape playback under computer control and
searching for and retrieving selected time segments for analysis.

In this state-of-the-art distributed-processing architecture, the vast majority of processing
in each half of the TDHS is performed by a high-speed EMR 8715 Preprocessor. This
device is in a dual chassis (with possible expansion to a third chassis) configuration to hold
up to 38 (or 56) modules. The data words in each input stream (expandable to 16 streams
total) are tagged by an input module and merged onto a high-speed internal bus along with
time words. Data processing modules (expandable to 8 total) perform uniquely-specified
word-slice floating-point operations on each word from each stream, and output each
preprocessed word back onto the internal bus with a new tag. About 100 preprocessing
algorithms were delivered with the unit, and others are developed by WSMR users as
needed, using high-level development software. Typical algorithms include conversion of
binary data words to engineering units (using polynomial conversion or table lookup),
scaling data for DAC drive, checking limits, and monitoring redundancy (ZFN algorithm).

The output modules (expandable to 8 total) send data words to their specified destinations.
The “log” output is used is used to put data into buffers in the computer memory; each
word accompanied by its tag for recording on disk. The “display” output maintains a
current-value table (CVT) in the computer memory, such that display software can access
any measurement points to display for a given user. The “DAC” output sends scaled data
and addresses to an EMR 8350 DAC/Discrete Unit for conversion to analog outputs, and
sends unmodified data and addresses to the unit for output as discrete bits. Another “log”
output drives a second computer on command.

The EMR 8350 DAC/Discrete Unit in each half of the TDHS generates up to 160 analog
outputs and up to 256 discrete outputs. Each analog and discrete output goes to a patch
panel where it can be routed to the desired channel on a chart recorder. A total of 256
analog channels and 256 discrete channels are available on Gould Model 2800 Pen
Recorders (DC to 100 Hz), and a total of 112 channels are available on CEC Model 1053
Recording Oscillographs (DC to 5,000 Hz). The pen recorders and oscillographs are
shared by sides A and B of the Station.

The host computer in each side of the TDHS is a Concurrent 3280. This super-mini-
computer has two high-speed buses, plus a lower-speed bus for support of slower
peripheral devices. Closely coupled to the processor are 1.8 GBytes of disk storage and
four tri-density magnetic tapes for data and setup transfer. Finally, the computer in
TDHS-A is connected to the computer in TDHS-B by high-speed bus for data or setup
transfer on command.



Telemetry data, tags, and status inputs to the computer bus for archival and for display are
handled by high-speed direct-memory-access (DM) devices. Each such device consists of
one EMR module and one Concurrent module. Then to maintain high rates to and from
disks and tapes, a separate dedicated controller is used for each such device to prevent any
bottlenecks in these critical paths. Display data is brought into a dedicated area in
computer memory, where the output tag associated with each measurement defines the
memory location where that parameter is buffered for access by the display software.

Data output devices on each computer include eight line printers, seven alphanumeric
display terminals, and two color graphic display terminals.

For system checkout, each side has a set of data simulators/calibrators. For PAM and
PCM simulation, four EMR 8336 PCM/PAM Simulators are used, three for PCM and one
for PAM. Each generates a data stream with 64 uniquely-assignable words. Each has the
ability to simulate noise, baseline variations, and other perturbations. Then for FM
calibration, two EMR 4080 Calibrators are used, one dedicated to constant-bandwidth
(CBW) channel generation and the other to proportional-bandwidth (PBW) channel
generation. In the PCM arrangement, the simulator also contains a bit-error-rate test
capability.

Front-end setup from the computer is necessary in order to provide the high-speed
switchover from one test to another. Two types of setup output are provided; the RS-232C
output handles most front-end equipment, and a bit-parallel output handles the high-speed
tight coupling to the preprocessor.

Data from the preprocessor can be routed to a 32-bit super-minicomputer for further
processing. This computer is coupled to the Realtime Operations Control System (ROCS)
which consists of identical Concurrent 32-bit computers to process data. In this manner,
telemetry and data are combined to generate real time plots of missile position,
trajectories, and instantaneous impact prediction (IIP).

SOFTWARE

The FORTRAN-derived software, as the hardware, is unique. Because the purpose of the
TDC is to process a wide variety of formats at moderate to high composite rates, and to
present the results to users in realtime or playback in usable formats, the software uses a
multi-purpose architecture. Its basic functions are:

! Prepare the data base and local distribution maps.

! Setup front-end equipment.



! Acquire data (using the high-speed hardware interfaces).

! Archive selected data on disk and/or tape.

! Process and display selected data on the designated terminals in realtime.

! Playback, process, and display archived data after a test is completed.

! Provide utilities to support these and other functions.

All operator interfaces are menu-based, to accommodate the abilities of users who are
familiar with the hardware but who are not trained in computer software terminology and
practices.

The data base contains information to fully define an incoming format (PCM, PAM or
FM), to enable the front-end equipment to be set up properly for that format. Further, it
defines every parameter in the format, using the user-familiar parameter name as the first
setup in that definition so that all subsequent users need only reference the name in order
to see the contents of the data base and to display data. Finally, it defines the tag, analog
(DAC), and discrete setup maps so that the computer can route data properly. All data
base entries and maps can be listed on the screen, printed on a system output devices,
archived on disk, and recalled by name for future use.

Front end setup is accomplished by loading a new data base or one which has been defined
and archived. Rapid retrieval and loading are a significant factor in keeping the switchover
time at a minimum on the TDC as one test in completed and another started.

Data acquisition, internal buffering, and archival to disk or tape are handled at high rates in
order to meet the overall throughput demands. Software sets up rules for such action, but
actual transfers are handled semi-automatically by input and output hardware after such
setup. An even through data destined for DACs and discretes does not enter the computer,
the setup software has full control of its tagging and routing from the preprocessor to DAC
and discrete circuits for conversion and output.

When a display device is set up to observe measurements, display software fetches the
current value of each measurement from the input CVT buffer, processes and formats the
data as defined, and presents it to the user. One format is a 32-parameter alphanumeric
display, where each parameter is shown in an appropriate manner (engineering units,
discrete state, binary, decimal, or other notation). Another format is the six-parameter
graphic display, where each parameter is shown as a scrolling colored trace with the name 



and units of measurement. In each case, the user can change the contents of any display
interactively.

Archived data is available immediately for recall, display, and more detailed analysis. A
32-channel alphanumeric format is available. This is similar to the realtime alphanumeric
display, except that every sample is displayed, the rate of display is variable, and the user
can go forward or backward in the data sequence. A graphic format is available also. Here
again, the user sees all occurrences of each measurement; instead or scrolling, the screen
fills and is held until a new screen is requested. The user can search by time slice or by
event occurrence in the data itself. In each display mode, the user can generate a hard
copy.

Utilities with the TDHS perform functions which are needed occasionally by a user. For
example, the user can send to or receive data files from the computer in the other half of
TDHS, or from the computer outside the TDHS, and can transfer data from output tape to
disk for playback and detailed analysis. Perhaps most importantly, the user can develop
new algorithms for the EMR 8715 to further enhance its preprocessing repertoire, or can
chain existing algorithms to increase throughput rates, and can update the data base to
accommodate these new algorithm configurations.

INSTALLATION, EXPANSION AND MODIFICATION

The largest parts of the TDC were supplied on contract, the last part in January, 1991.
Each of these subsystems had been tested as an entity before delivery, with data flow and
control verified for simulated data inputs to computer display outputs. However, the
contract did not include the receive sites, mobile units, microwave and fiber optics
transmitters and receivers, tape recorder/reproducers, chart recorders, and certain other
items. The first step in use was to integrate all elements into a single, functioning TDC.
This was accomplished in the relatively short period of seven months, even as the older
system was kept on-line to support the normal day-to-day tests.

Because of past experience at WSMR, telemetry engineers were aware that no telemetry
station could be used for many months in its original configuration. New test programs
come along, old programs become more complex, the test load increases, and other things
happen which are unpredictable at the beginning. For this reason, a significant element in
procurement was to define a system which could be expanded or modified with minimum
pain.

To this end, TDC is modular in both hardware and software. Interfaces are as simple as
practical. Many devices are in themselves capable of far greater performance than required 



at the beginning. All these should enable WSMR to use this TDC at ever-increasing levels
of activity until after the year 2000.

One of the first tests of expansion was the appearance of the SRAM II missile program at
WSMR in 1991. This missile has a MIL-STD-1553 avionics bus, and the test involves
collection of data from that bus using the IRIG 106 technique. In order to prepare the
TDHS for SRAM II, engineers of WSMR and Loral Data Systems worked together to
incorporate the necessary modules in each EMR 8715 Preprocessor, related setup and
processing software modifications, and EMR 8336 IRIG/1553 Simulators in both sides of
the TDHS. The result was an efficient capability for handling this data, achieved with
minimum cost and minimum disruption of TDC operation.

Another modification to the TDHS was designed and installed by WSMR telemetry
engineers to prevent loss of PCM data when testing a low-flying vehicle on the range.
Peaks and valleys are so pronounced that it is not possible for one tracking site to follow
such a vehicle, and operators do not have the information with which to switch from one
site to another as the vehicle moves across the terrain. The solution is a unique matrix
installed in each half of the TDHS. Matrix inputs are data paths from six most likely sites
(Receive Sites and Mobile Units), plus “lock” indication signals from PCM synchronizers
in those six paths. The selector matrix accepts one of the synchronized paths and uses it as
a system input; when that synchronizer loses lock, the matrix moves automatically and
quickly to the alternate path which has been locked in synchronization the longest. In this
way, only four or five minor frames are lost in the typical switchover. Since there are six
PCM input paths in each half of TDHS, this involved no new equipment except the matrix
selector itself, and proved the value of a well-planned modular design with inherent growth
capability.

FUTURE IMPROVEMENTS

No one can predict the future growth of the TDC. It depends on the needs of those tests
which WSMR supports, advances in the state of the art in related instrumentation,
performance of the existing equipment, and available financing. Some possible
improvements include:

1. Replacement of the DAC/discrete devices and analog strip chart recorders with a
digital bus and digitally-driven array-print-head chart recorders. This will improve
data quality and recording rates dramatically.

2. Addition of modules in the hardware processor to increase the processing
throughput rate.



3. Addition of high-speed storage devices to offer greater archival time, plus addition
of optical laser disks for archival on lower-cost transferable media.

4. Addition of display devices, and possibly computer-powered workstations with
X-window data presentations.

5. Improvement of the relay link from the nearest site to handle analog-based PAM
and FM signals more accurately.

6. Enhancement of the algorithm list to include other useful preprocessing capability,
and chaining existing algorithms to increase the throughput rate.

7. Addition of new processing and display software to give users more meaningful
information.
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