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ABSTRACT 

 
White Sands Missile Range is the largest overland test range in North America occupying over 
3,200 square miles in Southern New Mexico and nearby territory.  One of the most critical test 
elements at White Sand Missile Range is it’s capabilities in the telemetry field.  Much significant 
advancement in technology has given WSMR and the entire electronics world the ability to 
achieve new levels of data acquisition that were not achievable a decade ago.  And as attention to 
our nation’s defense is of high priority, White Sands Missile Range provides to highest levels of 
telemetry competence in the Western Hemisphere. 
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INTRODUCTION 
 
Today’s telemetry systems at White Sands Missile Range have utilized the very latest in both 
hardware and software technology in order to support the latest and greatest missile defense 
system requirements.  Upgrades to fixed telemetry sites and the addition of several mobile 
Telemetry Acquisition Systems (TASs) have given White Sands Missile Range the ability to 
provide the same great services all across the country.  Telemetry acquisition systems at WSMR 
have achieved new levels of capability due to the migration of sub-systems and software 
applications that run on a computer operating system (OS); the convenience of card-based, 
upgradable, updatable, portable, remote controllable and user-friendly systems have become 
more widely implemented and beneficial through outstanding test results at White Sands Missile 
Range. 
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TAS GENERAL DESCRIPTION 

 
Telemetry Acquisition System (TAS) is an L through S Band RF Signal Acquisition System and 
consists of parabolic reflectors mounted on a tracking pedestal, preamplifiers, down-converters, 
and multi-couplers. The antennas are fed by a five element, single channel, mono-pulse feed 
system. Right and left hand circular polarization may be selected simultaneously. Various modes 
of operation are provided, including slave, manual rate, and manual position. The TAS is capable 
of receiving/sending acquisition information via the Precision Acquisition System (PAS) which 
is interfaced to the TAS with a Range Interface Unit (RIU) that sends and receives information 
through an Ethernet communications link to be displayed on the computer.   

 
TAS combines fixed and mobile site acquisition and relay capability for received telemetry 
signals and a telemetry processing center.  The fixed systems consist of five fixed TM 
acquisition systems and comprise the primary leg of the Telemetry Acquisition and Relay 
System (TARS). TARS is a suite of fixed station and mobile systems strategically located 
throughout the range to take maximum advantage of varying terrain conditions, and recurring 
support requirements All systems, mobile and fixed, are capable of relaying multiple digital and 
analog data channels.  The mobile systems consist of a mix of two mobile telemetry acquisition 
systems known as Transportable Telemetry Acquisition Systems (TTAS) and two Mobile 
Telemetry System (MTS) tracking systems with a self-contained transportable L and S Band 
telemetry acquisition systems capable of full operation beyond the reach of commercial power 
lines. TAS also consists of three mobile relay systems known as Transportable Telemetry 
Acquisition and Relay System (TTARS) and one Relay and Recording Van (RRV) system. All 
TAS systems, mobile and fixed, are capable of tracking target emitters in the L-band (1435 to 
1537 MHz, and S-band (2200-2400 MHz), except for the RRV since it is only for Relay and 
Recording purposes. 

 
In addition, the Telemetry branch fields supports and maintains the Remote Data Acquisition 
System (RDAS), a radio interferometer consisting of the Single RDAS and Dual RDAS. Each 
RDAS system consists of two perpendicular pairs of crossed base lines receiving antennas.  In 
the antenna field, the separation between a pair of antennas results in a phase difference in the 
TM signal received at each antenna.  Measurement of phase differences between pairs of 
antennas is used to generate direction cosines associated with that antenna pair. As the missile 
moves away from the launcher, the accumulated phase differences are used to determine the 
direction cosines for each axis (antenna pair/baseline) of the antenna field.  These direction 
cosines are, in turn, used to compute the azimuth and elevation with respect to that antenna field.  
Dynamically, the intersection of instantaneous data of the two separate antenna baselines from 
each site is plotted as angular deviation.  
 
WSMR telemetry also consists of a Real-Time Data Processing System which consists of 
computers and desktop display workstations that provides real-time data processing and 
monitoring.  Data is received from range instrumentation at up to 32 Mbps multiplexed from 
fixed and mobile telemetry sites through the Range Communications System to WSMR’s 
Telemetry Data Center (TDC) and processed to provide real-time displays, precise pointing data 
for acquisition and tracking, and near real-time data reports for Range customers.  Telemetry also 
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provides Radar and Global Positioning System data in real-time to produce vehicle position, 
velocity and acceleration parameters. 
 
 

 
 

Figure 1 - Illustrates the Telemetry System Lay-out and most recent Relay Network 
WMSR TM has all around the range, including some locations where the RRV, TTARS, and 

MTS could be located. 
 

 
TAS CAPABILITIES THROUGH DYNAMIC TESTING 

 
Current TASs fixed telemetry systems are located at JIG sites 56, 67, 167, 10 and 3.  Each site is 
equipped with similar telemetry components to create a consistent acquisition system throughout 
the range.  WSMR’s telemetry receiving capabilities include and are compliant with the 
demodulation of the Advanced Range Telemetry Systems (ARTMS) Tier 0, Tier I and Tier II 
formats.  Current TAS receiving systems’ Tier 0 capabilities include 2nd Generation Multi-
Symbol (Trellis) PCM/FM demodulation with modulation indexing which generally provides for 
3 to 4 dB improvement over traditional single symbol demodulators.  Tier I demodulation 
capabilities includes Shaped Offset Quadrature Phase-Shift Keying (SOQPSK) demodulation 
and have shown greater than 2 dB improvement over single symbol demodulators. Though 
PCM-FM and SOQPSK are the most common forms of modulation tested on range, WSMR’s 
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current system can still demodulate FQPSK and Tier II CPM (continuous phase modulation) to 
ARTMS specifications. 
 
Testing performed on the TAS receiver systems consisted of an in house BER test which the test 
signal bypassed the antenna feed and was input directly into a SEMCO RC400 RF receiver 
combiner using a dual channel Lumistar LS-18-AP-M(X)2 Multi-Path Telemetry 
Simulator/Transmitter that was capable of creating a Doppler fade through each attenuator output 
to mimic irregularities and deviation during real missile tracking which could challenge the 
receiving system in gathering acceptable data.  Both attenuator outputs from the transmitter 
began with a 30dB sinusoidal fade margin at a rate of 20 Hz and each attenuator output from the 
transmitter corresponded to the left hand (LH) and right hand (RH) input of the receiver.  To 
further exercise the receiver combining system, both attenuator outputs produced fades opposite 
in phase so while one attenuator output (which corresponded to the LH receiver input) was at a 
maximum signal level, the other output (RH) was at its lowest signal level.  The transmitter 
outputs would fade sinusoidally opposite to one another in order to test the dynamics of the 
receiver combiner system.  The output of the SEMCO combiner was fed into a GDP Space 
Systems Bit Synchronizer model 2265 and finally into a GDP Space Systems model 630 bit error 
rate test unit. 
 
Although the test transmitter was capable of modulation within the Tier 0, Tier I, and Tier II 
ARTMS formats, the tests we performed using PCM-FM and SOQPSK data modulation formats 
because they are more commonly used on range and by WSMR customers.  Because the transmit 
signal bypassed the antenna feed and went straight into the receivers, noise floors were measured 
at -112dB.  For this test, beginning signal levels were measured at 22dB above system noise.  
Signal fade margins began at 30dB and were decreased on order to obtain acceptable bit error 
rates (BERs) at the higher data rates as bit rates were incremented up until our maximum Range 
acceptable bit error rate (BER) was achieved through a bit error rate test (BERT) apparatus. 
Acceptable Range rates are less than or equal to one error per million bits or a 1 x 106 bit error 
rate. During the test, fade margin were decreased to accommodate the increasing bit rates.   
 

PCM-FM Data Table 
 

FREQ (MHz) BIT RATE (Mbps) FADE BOUNDARIES (dBm) FADE MARGIN (dBm) SNR (dB) FADE RATE (Hz) BER  (n per million bits) Threshold
2250.5 5.0 -89 to -60 29 37.5 20 1.00 T
2250.5 5.0 -87 to -60 27 38.5 20 0.20
2250.5 7.0 -86 to -60 26 39 20 2.00
2250.5 7.0 -85 to -60 25 39.5 20 0.57 T
2250.5 10.0 -83 to -60 23 40.5 20 1.00 T
2250.5 10.0 -82 to -60 22 41 20 0.25
2250.5 12.0 -81 to -60 21 41.5 20 1.00 T
2250.5 12.0 -80 to -60 20 42 20 0.28
2250.5 14.0 -79 to -60 19 42.5 20 3.00
2250.5 14.0 -78 to -60 18 43 20 2.00
2250.5 14.0 -77 to -60 17 43.5 20 1.00 T
2250.5 16.0 -75 to -60 15 44.5 20 2.00
2250.5 16.0 -74 to -60 14 45 20 1.30
2250.5 16.0 -73 to -60 13 45.5 20 0.63 T
2250.5 18.0 -72 to -60 12 46 20 2.50
2250.5 18.0 -71 to -60 11 46.5 20 0.13 T
2250.5 18.0 -70 to -60 10 47 20 0.00
2250.5 20.0 -69 to -60 9 47.5 20 4.50
2250.5 20.0 -67 to -60 7 48.5 20 1.20
2250.5 20.0 -66 to -60 6 49 20 0.06 T

 
Figure 2 
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PCM-FM
Bit Rate vs Dynamic Signal Fade Margin
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Figure 3 
 

PCM-FM
Bit Error Rate Test Acceptability 
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Figure 4 
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SOQPSK Data Table 
 

FREQ (MHz) BIT RATE (Mbps) FADE BOUNDARIES (dBm) FADE MARGIN (dBm) SNR (dB) FADE RATE (Hz) BER  (n per million bits) Threshold
2250.5 5 -70 to -60 10 47 20 0.00
2250.5 5 -75 to -60 51 44.5 20 0.00
2250.5 5 -78 to -60 18 43 20 0.10
2250.5 5 -79 to -60 19 42.5 20 1.00 T
2250.5 7 -75 to -60 15 44.5 20 0.00
2250.5 7 -78 to -60 18 43 20 1.00 T
2250.5 10 -75 to -60 15 44.5 20 0.00
2250.5 10 -77 to -60 17 43.5 20 0.50 T
2250.5 10 -78 to -60 18 43 20 3.00
2250.5 15 -76 to -60 16 44 20 1.00 T
2250.5 15 -82 to -60 22 41 20 2.60
2250.5 18 -72 to -60 12 46 20 0.01
2250.5 18 -75 to -60 15 44.5 20 1.00 T
2250.5 19 -75 to -60 15 44.5 20 0.67 T
2250.5 19.5 -75 to -60 15 44.5 20 6.50
2250.5 19.5 -73 to -60 13 45.5 20 0.10
2250.5 19.5 -74 to -60 14 45 20 1.00 T

 
Figure 5 

 
 
 

SOQPSK
Bit Rate vs Dynamic Signal Fade Margin
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Figure 6 
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SOQPSK
Bit Error Rate Test Acceptability 
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Figure 7 

 
 

RECEIVER SYSTEM TEST CONCLUSIONS 
 
From what can be concluded from the data, transmitting data with SOQPSK modulation required 
more power initially and even at low bit rates.  Noise floors were measured at -112dB and an 
acceptable BER was not accomplished until 33dB above system noise, while the PCM-FM data 
stream maintained an acceptable BER at 23dB above system noise.  The apparent requirements 
of more power for SOQPSK to provide a good BER probability are due to the inherent 
characteristics of QPSK modulation.  SOQPSK has four phases and can encode two individual 
modulation streams consisting of the in-phase and quadrature components (I and Q).  So in order 
to achieve the same or on par BER probabilities of PCM-FM, BPSK or other modulation types, 
SOQPSK requires more power because two bits are transmitted simultaneously.  The need for 
power increase usually is not a hindrance for the modulation type because power received at the 
sites is generally 33dB above system noise.  As bit rates increase, the SOQPSK data stream 
performs much more horizontally linear than PCM-FM.  Figure 5 illustrates SOQPSK's linear 
performance through increasing bit rates as compared to PCM-Fumes linear decay of required 
signal over increasing bit rates (Figure 2).  Because of the spectral-efficiency of the SOQPSK 
modulation, less overhead is required to demodulate a high bit rate signal compared to PCM-FM. 
 
WSMR’s achieved a 20Mbps bit rate for PCM-FM and a 19.5 Mbps bit rate for SOQPSK.  
These numbers though represent a highly dynamic target with serious left and right hand 
deviation characteristics.  The signal fade margin decreased to 6dB to accommodate the 
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demodulation of the PCM-FM data stream at 20Mbps.  In testing of SOQSPK, margins 
decreased to 14dB and maintain linearity in required power level over increasing bit rates. 
 

ANTENNA SYSTEM G/T RATIO 
 
One figure of merit for any antenna tracking system is its Antenna Gain-to-System Noise 
Temperature Ratio or G/T ratio.  These measurements are performed daily at each telemetry site 
at WSMR in order to monitor antenna system performance and to conduct solar calibrations 
using daily L and S-Band solar flux values.  Below is a graph representing recorded left and right 
hand circular polarization G/Ts and corresponding daily solar flux values for fixed telemetry site, 
JIG-56 over a period of one year.   

JIG-56 G/T and Solar Flux at 2.2505GHz
 (2007-2008)
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Figure 8 – Fixed Telemetry Site JIG-56 G/T values 2007-2008 

 
 

WSMR REMOTE CONTROL CAPABILITIES 
 

WSMR has also already begun implementation of a fully remote controllable telemetry site.  
Because of location due to site access difficulty and the probability that remote control of this 
site would yield the best dollar return on effort and dollars expended, JIG 10 was chosen as the 
telemetry site that would first demonstrate this remote control capability.  By implementing a 
fully functional remote control telemetry site, WSMR would be able to support 30 to 35% more 
mission missions on a daily basis by utilizing the lost hours used by personnel to travel up to the 
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telemetry sites (which usually are located several hours away from the residences or offices of 
supporting contractors).   
 
 In order to successfully support a mission via remote control, WSMR has ensured that most 
telemetry equipment interfaces are controllable though an Ethernet interface within an IP 
network in which each component with an Ethernet port and IP address could be controlled by a 
remote computer interface.  Current GUIs range from remote desktops views for components 
with limited remote control command functionality, manufacturer provided remote control 
software designed for familiarity and practicality, and WSMR made remote control software 
designed with Labview for components without inherent GUIs but with remote control command 
ability.  Currently being developed at WSMR is a universal high-resolution interactive GUI for 
the switching and patching system that would eventually integrate and monitor all I/O 
connections within the telemetry site.  With the migration of operating systems into today’s 
telemetry equipment, it has become a much simpler task to integrate and remote control what are 
now just computers programmed to calculate data through telemetry hardware and sometimes 
card based interfaces. 
 
 The hardware control capabilities that WSMR will have upon the completion of the remote 
control effort would include powering on the racks and equipment, controlling the Antenna 
Control Unit (ACU), signal generator, oscilloscope, spectrum analyzer, power meters, BERT 
units, tracking and data receivers, bit synchronizers, and multiplexing equipment, and recording 
equipment.  Every task necessary to support a mission in setup and operation will be available to 
personnel at a remote location.  Setup processes would include the changing and saving of 
parameters, patching multiple inputs and outputs, and conducting noise floors or other system 
readiness activities.  Real-time mission support and operation would include the monitoring of 
systems GUIs at all times through an extensive arrays of computer displays, setup parameter 
changes, and real recording and data shipping to other locations on range such as WMSR's 
Telemetry Data Center or to another site for relay.  Though some troubleshooting and 
maintenance may require manpower on site, hardware failure is statistically uncommon in 
comparison to the amount of missions supported and software issues can generally be fixed with 
a software reset or may be debugged remotely.  
 
 

WSMR TSN-IP NETWORK 
 
WSMR Telemetry has begun to implement its assets into the Test Support Network (TSN) over 
IP. The TSN-IP consists of three fiber optics rings extending throughout the south, center and 
north areas of the range enabling 10 GB bandwidth for Telemetry and other range support 
elements (i.e. Optics, GPS, Radar, etc).  Currently, White Sands Test Center has been supporting 
transmission of analog and digital voice, data, telemetry, and video signals through direct 
microwave and fiber optic links.  The purpose of the TSN-IP is to group the transmission of 
Range data and universalize communication between Range elements.  Each element utilizing 
the TSN-IP will operate on its own Virtual Local Area Network (VLAN) with encryption to 
access and transmit classified data.  This network will be able to provide automated network 
management and control to telemetry data and provide a multiple data paths for a more robust 
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system infrastructure.  Development of the TSN-IP effort will also facilitate the implementation 
of additional remote control systems 
 

CONCLUSION 
 
White Sands Missile Range’s assets include five fixed telemetry sites equipped with high gain 
antennas, a robust receiving system capable of handling data rates of 20Mbps PCM-FM and 
19.5Mbps SOQPSK demodulation, recording capabilities in multiple formats, and the ability to 
multiplex and send data to a real time display and processing system at 32Mbps over fiber optic 
and microwave links.  WSMR telemetry also provides two mobile telemetry systems (MTSs), 
two Transportable Telemetry Acquisition Systems (TTASs), and three Transportable Telemetry 
Acquisition and Relay System (TTARSs) all capable of tracking, recording and relaying 
telemetry data across the entire 3,200 square mile range.  With remote control capabilities and 
the implementation of the TSN-IP, WSMR is one of the most complete and competent telemetry 
test ranges in the world. 
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