
TRANSITION FROM ANALOG TO DIGITAL RECORDERS
FOR TELEMETRY AT THE WESTERN RANGE

Item Type text; Proceedings

Authors Hedricks, Michael J.; Sussex, Jeff; Streich, Ronald G.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:49:03

Link to Item http://hdl.handle.net/10150/604138

http://hdl.handle.net/10150/604138


TRANSITION FROM ANALOG TO DIGITAL RECORDERS 
FOR TELEMETRY AT THE WESTERN RANGE 

 
 

Michael J. Hedricks           Jeff Sussex                      Ronald G. Streich 
ITT/SLRSC                        SMC/LRRVS                 ABRO Resources/SLRSC 
Vandenberg AFB, CA      Vandenberg AFB, CA    Vandenberg AFB, CA 
 
 
 
 

ABSTRACT 
 

The transition of PCM recording from analog to digital recorders was completed at many test 
ranges more than a decade ago as marked by delivery of data on S-VHS tape, CD-ROM, DVD, 
ZIP disc, JAZ disc, 8mm tape and DLT tape for low rate data and D-1 cassettes for high rate 
data. Data then quickly began distribution via the internet and other networks. Analog recorders 
have remained a necessary legacy for the long transition to convert from analog to digital (PCM) 
data transmission from the test vehicles. However, the new digital recorder capabilities have 
removed this requirement to convert the transmissions from the test vehicle. Analog signal and 
predetection recording on digital recorders has been successfully demonstrated at costs below the 
existing analog recorders. Application of new techniques in a methodical transition program to 
the new digital recorders has proven the many benefits of recording wider bandwidths with 
excellent repeatability. Repeatability issues are primarily in the very low error sources of the 
processing system because the major analog error sources of the analog tape recorders, analog 
time code readers, analog demodulators, etc have been greatly reduced. This paper provides test 
results of recording higher signal rates and bandwidths of the new programs and describes the 
techniques and implementation through procedures of the Western Range transition from analog 
to digital recorders. Surprising results show predetection and analog signal recording costs are 
nearly the same as PCM recording costs due to the price of deliverable media with respect to 
mission recording requirements. 
 
 

KEY WORDS 
 

Analog recorder replacement, analog signal recording, wideband analog signal recording, digital 
media, data archiving 

 
 

INTRODUCTION 
 

The Space Lift Range Systems Contract (SLRSC) started in January 2001 for modernization of 
the Eastern Range and Western Range instrumentation tracking systems. As part of this effort the 
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telemetry site upgrades include replacement of the existing one inch tape, 14-track analog 
recorders by digital recorders that are compatible with computers and networks. Systems 
engineering analysis produced requirement documents that provided the basis for system design 
followed by preparation of equipment performance specifications for procurement of digital 
recorders. Testing of Commercial Off-The-Shelf (COTS) recorders was conducted during 2002 
through 2004 after public release of a Request for Information (RFI) providing the primary 
features of the desired digital recorders. The RFI purpose was to inform potential suppliers of the 
requirements and that pre-qualification testing of their recorders was required in order to bid on 
the procurement. Several manufacturers could meet most of the SLRSC requirements but not all.  
The RFI allowed manufacturers to prepare for the procurement while qualification tests allowed 
SLRSC engineers to refine the test methods and procedures for equipment acceptance. 
 
Qualification tests of digital recorders showed that it is nearly as inexpensive to digitize and 
record predetection and analog baseband signals as it is to record digital signals due to short 
mission durations of less than an hour. Earlier thoughts had focused on predetection versus post 
detection recording and how much less bandwidth is required by PCM than analog signals. It is 
certainly true that PCM recording takes less bandwidth than recording digitized analog signals. 
But, when you realize that the cost is not a significant driver for short missions (less than an 
hour) because the new hard disk drive (HDD) and RAID recorders have tremendous rate and 
capacity for very low cost, the real issue is then real-time and post test relay of the data. Data 
transmission and relay bandwidths are nearly always significantly less than recording 
bandwidths. 
 
Test results showed the 4 MHz bandwidth frequency response for each track of the existing 
analog recorders was easily met by the digital recorders. The analog signal recording and 
playback capability of the digital recorders enabled predetection signal playback of QPSK 
modulation when the analog recorders could not. Launch range Users are not willing to give up 
this critical predetection data that allows data analysis and occasional data recovery from 
anomalous missions. Testing at wider bandwidths confirmed playback of predetection 10 Mbs 
PCM/FM and predetection translated GPS L2 signals with good success on test signals and 
during launch support. 
 
Timing accuracy was measured using a unique Time Insertion Unit (TIU) that inserts a time 
word stored at the rising edge of the first clock after the frame synchronization pattern in the 
PCM frame to replace words in the frame. By simultaneously recording low and high bit rate 
PCM streams with this technique we obtained absolute time accuracy for each track and channel-
to-channel skew. All of the new digital recorders exceeded the 10 microsecond accuracy 
requirement. Most exceeded 1 microsecond accuracy. And, two recorders maintained tens of 
nanoseconds track-to-track timing skew accuracy. This excellent timing accuracy performance 
was degraded by the analog time code reader when the signal was converted back to analog for 
playback where only standard IRIG AC time code accuracies could be expected, e.g., 10 
microseconds for IRIG-G time code. 
 
Qualification tests proved COTS digital recorders exceed all ER and WR telemetry data 
recording requirements. Market surveys proved digital recorders and media are lower cost than 
existing analog recorders and media - even for higher data bandwidths. The real challenges of 
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processes and procedures then emerged. IRIG standards, similar to existing standards for analog 
tape recorders, have not been completed. Obtaining agreement on deliverable media from range 
Users or customers depends heavily on funding for replacement of their legacy analog tape 
recorders. Various transition processes from analog to digital recording are being evaluated. One 
method has been procurement of Western Range RAID recorders to accomplish the real-time 
recording then dub the data to analog tape recorders for delivery of the conventional analog 
tapes. Delivery of other digital data products such as PCM data files on CD-ROM, DVD and the 
new data item media - HDD – have also begun as direct copies of the recorder digital files. Costs 
of the digital media are less than analog tapes in all cases. 
 
 

DIGITAL RECORDER REQUIREMENTS 
 
 
Based on the requirements data summarized from the launch vehicle programs and the additional 
information obtained from initial recorder evaluation and testing efforts, the recorder study team 
developed key inputs for the recorder specification.  The team also developed the Request for 
Information (RFI) [2]. A draft RFI was distributed widely to manufacturers by email for review 
and comment in 2002. The formal RFI released in 2003 stated that “each digital recorder must 
meet the following minimum recording/playback requirements:  
 

• 16 digital PCM channels from 250 bps to 10 Mbps. 
• 8 analog input channels of DC to 4 MHz bandwidth, including one analog input channel 

for IRIG B modulated timing and one analog input channel for IRIG G modulated timing. 
• All channels must be able to be operated independently and simultaneously for both 

recording and playback.  Simultaneous record and playback is not required.   
• Aggregate playback and record rate must be a minimum of 800 Mbps for a minimum of 

50 minutes.   
• For playback, the system must have 8 digital PCM outputs from 250 bps to 10 Mbps.  
• For playback, the system must have 8 analog output channels of DC to 4Mhz bandwidth 

of which two can be IRIG-B and/or IRIG-G timing. 
• Channel-to-channel skew or, alternatively, the absolute timing accuracy of each signal 

must be no greater than 10 microseconds. 
• The recorder will include an Advanced Intelligent Tape (AIT-3) and Digital Video Disc 

(DVD) for data archiving. 
 
Evaluation units for testing must be provided to Vandenberg Air Force Base prior to submitting 
bids in response to the Request For Proposal (RFP) to be released after 1 January 2004. 
 
Following additional testing and evaluation of digital recorders, the preliminary recorder 
requirements data were updated and incorporated into the Telemetry Digital Recorder 
Procurement Specification [4].  Some digital recorders are being procured separately due to other 
requirements.  These separate procurements are described in the next section. 
 
 

MANUFACTURER DIGITAL RECORDER QUALIFICATION TEST RESULTS 
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During the two year recorder test period, eight manufacturers qualified their recorders for the 
procurement through testing. The desired capabilities were exceeded by all eight manufacturers.  
Half of the manufacturers provided 1600 Mbs or 200 Mbytes/sec aggregate record and playback 
rate. Several manufacturers required retest one or two times after failure of certain tests. There 
were no restrictions on recorder design such as recording format, operating system or methods. 
Primary restrictions were on performance and use of standard interfaces and standard archive 
media. Proprietary recording methods required publication and release for use by the 
government. All the manufacturers agreed to these terms. Only two manufacturers of the eight 
declared their methods proprietary and agreed to the government terms. All eight qualified 
systems used hard disk drives for real time recording with five providing full Redundant Array 
of Inexpensive Disk (RAID) systems and the other two using hard disk drive (HDD) striping. All 
eight manufacturers agreed to provide IRIG 106, Chapter 10 format data during playback at no 
additional cost if awarded the contract. 
 
Qualification tests were conducted at the Vandenberg AFB primary Telemetry Receive Site 
using the launch support equipment in the configuration normally used for prelaunch simulations 
and verification. The new digital recorder under test was connected at the coaxial patch panels in 
the same manner as the existing analog tape recorders. Variable gain signal distribution 
amplifiers are typically used to distribute predetection and post detection signals from the 
receivers and diversity combiners to the recorders. These distribution amplifiers allowed the 
analog signal levels as required by the digital recorders. Analog tape recorders are generally 
tested and aligned for 1 V rms input and output while many of the digital recorder analog inputs 
are optimized for 1 V P-P input and output. The distribution amplifiers enabled simple 
adjustment to the desired levels. Many of the new digital recorders also have built-in gain 
controls on their inputs and outputs to directly replace the older analog recorders. 
 
When recording and playback of existing launch program signals showed that literally all 
existing predetection, post detection and analog signals tested well then documented limitations 
of the analog tape recorders were tested. The analog tape recorders could not record and 
playback Quadrature Phase Shift Key (QPSK) predetection data because the demodulator could 
not achieve phase lock on the signal. BPSK modulation had previously been the highest 
modulation format for successful predetection recording. Figure 1 shows the test configuration 
with legacy telemetry receivers and demodulators where predetection Asynchronous QPSK 
(AQPSK) signals were successfully played back. Data quality was measured by varying the RF 
signal generator output in one dB steps to obtain bit error rate (BER) measurements at each level 
versus signal to noise ratio (SNR). Success was proven by the real-time signal BER verification 
within 1 dB SNR of theoretical ideal performance as computed by [REF 4] methods and the 
playback signal BER within 1 dB of theoretical ideal performance. New telemetry receivers were 
also tried during some of the recorder tests and without exception achieved lower demod lock 
thresholds (phase lock at lower SNR) and faster phase lock times than the legacy receivers but 
very minor improvement in BER versus SNR performance for the same data rates. 
 
It is clear that the receiver filters are excellent anti-aliasing filters for the A/D converters during 
real time to permit the low sampling rate of 2.5 times the upper bandedge. 4.0 MHz upper band 
edge required only 10 Mega samples per second (Msps) and higher sample rates produced no 
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data quality improvement for predetection signals. The receiver filters also provided excellent 
reconstruction filtering during analog signal playback. Bits per sample were eight.  It is 
interesting to note that the existing site analog tape recorders are unable to achieve QPSK demod 
lock at any SNR due to the recorder time base error (TBE). While playing back data from digital 
recorders, the Model 1258-D demod loop bandwidth was reduced from 3 kHz to 300 Hertz (Hz) 
and the same BER results were obtained. The significantly superior performance of the new 
BPSK/QPSK demodulators over the Model 1258-D is described in the receiver reports. 
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Figure 1: Asynchronous QPSK Predetection Record and Playback Set-Up 
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A recent new program provided legacy wideband telemetry receivers but restricted recording to 
PCM on legacy tape recorders. The legacy wideband receivers contain selectable predetection 
carrier frequencies tunable in 100 kHz steps up to 10 MHz. One EELV modulation format is 
AQPSK with 3.2 Mbs on the I channel and a different 3.2 Mbs on the Q channel. Recording and 
playback for both predetection and post detection or PCM signals was successful on the new 
digital recorders. Another modulation format is 3.84 Mbs/BPSK and was also successfully tested 
with the legacy wideband receiver and new digital recorder as shown in Figure 2. 
 
The digital recorder playback signal quality provided legacy Aydin 321A BPSK demodulator 
and bit synchronizer acquisition and tracking as obtained in real time even at the very low SNR 
level of -4 dB IF SNR or 1 dB energy per bit per noise power density (Eb/No). The discrete stair-
step levels of the digitized pre-D signal are apparent on an oscilloscope and the playback 
demodulator filters smooth this signal very well to produce excellent performance as a 
reconstruction filter.  It is apparent that the receiver filters are excellent anti-aliasing filters for 
the A/D converters during real time to permit the low sampling rate of 2.5 times the 20.0 MHz 
upper band edge (50 Msps) without aliasing.  Bits per sample were eight.  34 Msps could have 
been selected if the record carrier frequency were reduced to 7.5 MHz. 
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Figure 2:  3.84 Mbs, NRZ-S/BPSK Predetection Record and Playback 
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Recording and playback of receiver post detection signals with a digital recorder analog channel 
proved very successful for analog signals such as subcarriers. The subcarriers were filtered by 
the telemetry video filter that acted as the anti-aliasing filter. During playback into subcarrier 
demodulators the subcarrier demodulator bandpass filters performed the reconstruction filtering 
process quite well. However, the first tests of recording PCM directly from a telemetry receiver 
or a bit synchronizer data output with a digital recorder analog channel required analog-to-digital 
(A/D) sample rate at five times the bit rate due to the fast pulse rise and fall times of the PCM. 
All the digital recorder manufacturers had learned this and provided digital data cards that accept 
data and clock inputs and provide data and clock outputs. There are many PCM only recorders 
on the market that require data and clock input to avoid the higher A/D sample rate and eight bits 
per sample to achieve minimum recorder capacity at low cost.  
 
 

DIGITAL RECORDER SPECIFICATION 
 

The digital recorder procurement performance specification and Statement of Work (SOW) for 
delivery and testing were completed and submitted to the Air Force in 2004 after eight 
manufacturers had successfully completed qualification tests of their recorders. Review of 
system requirements and system design is in progress. Purchase of  a few digital recorders was 
made for system software development and due to lack of analog tapes for immediate rocket 
launch recording requirements. These new digital recorders easily met the performance 
requirements but quickly faced the system problems of transition from analog to digital 
recorders.  
 
The only requirement levied on the recording format was that it must be published and provided. 
Manufacturers provided their IRIG Chapter 10 format, CCSDS format, NT file system format, 
LINUX file system format or their company developed standard file format compatible with NT 
or UNIX file systems. All of the manufacturers have stated they are ready and willing to perform 
post recording reformatting to any format we specify. This puts the burden back on us to specify 
a format or accept any published format. We have successfully read the digital data formats of 
eight different manufacturers in order to verify the digital time stamp accuracies at different bit 
rates. A clearly superior recording format is not evident from among the choices. 
 
The published SLRSC Telemetry Data Recorder Procurement Specification [REF 4] contains 
many details on inputs and outputs for analog and PCM, analog signal sample rates, timing 
correlation for each channel, primary recording media, archive recording media, numerous 
operating features such as those found on legacy analog recorders, archive recording, archive 
restore, etc. 

 
IRIG STANDARDS FOR DIGITAL RECORDERS REFLECT LACK OF RANGE 

CONSENSUS DUE TO DIFFERENT RANGE MISSION REQUIREMENTS 
 
 
Standards are lagging industry capabilities because each range uses COTS digital recorders 
differently. The ER and WR have similar requirements but are widely different than other test 
ranges. The many test ranges have not agreed upon a common solution when tailoring COTS 
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products for their specific requirements that are very inexpensive. Low cost personal computers 
(PC) have enabled this trend of tailoring COTS for the mission. However, tailoring a low cost PC 
has not been viable for analog signals and especially wideband analog signals like predetection 
signals. This paper has shown that industry has provided a new breed of RAID and HDD 
recorders with the A/D capabilities required to replace wideband analog tape recorders at lower 
cost and better performance. The authors submit that the existing IRIG standards and test 
methods for analog and wideband analog signals and recorders were tailored to qualify the new 
digital recorders and should be revised by IRIG to support the new programs that have arrived at 
the ranges. 
 
Elimination or major reduction of Time Base Error, WOW, flutter, jitter, equalization, dynamic 
skew, and track-to-track skew could drastically reduce the IRIG standards and test methods [1], 
[6]. On the other hand, a few new standards and test methods are needed for superior new 
capabilities such as enabling predetection recording and playback of higher levels of modulation. 
 
The test program described in this paper confirmed that sample rates of 2.5 times the maximum 
analog signal rate (not including PCM signals due to their fast rise and fall times) are sufficient 
and higher sample rates offer no improvement in fidelity for predetection signals. Anti-alias and 
reconstruction filters in the telemetry equipment feeding the recorder and accepting data from the 
recorder required no filters in the recorder. But, there are likely other inefficient examples such 
as PCM being recorded as an analog signal for which an IRIG review would provide 
recommendations. 
 
Expanding the existing IRIG standards to include higher predetection center frequencies and 
bandwidths appears to be an extrapolation of the existing standards. These new higher 
frequencies and wider bandwidths are already supported by the new telemetry receivers with 
tunable frequencies and selectable bandwidths. Unfortunately, mission planning for new 
programs has no standards to rely on and very similar missions often use widely varying 
equipment configurations. 
 
 

START COMPLIANCE FOR DIGITAL RECORDERS 
 
The Strategic Arms Reduction Treaty (START) was signed by President George H. Bush and 
Secretary Gorbachev on July 31, 1991 and entered into force on December 5, 1994. The treaty 
requires an extensive exchange of telemetry data on flights of any treaty accountable item. 
Currently, a treaty accountable item in the case of the Vandenberg AFB Western Range is a 
vehicle that incorporates the first stage of a Minuteman 2, Minuteman 3 or Peacekeeper. This 
also includes space launch vehicles such as Taurus and Minotaur when they incorporate an 
ICBM first stage from these vehicles. 
 
Article X (Para 1) of the START treaty requires that “During each flight test of an ICBM or 
SLBM, the Party conducting the flight test shall make on-board technical measurements and 
shall broadcast all telemetric information obtained from such measurements.” In addition to 
transmitting all telemetric data, we are “not to engage in any activity that denies full access to 
telemetric information” i.e. no encryption, jamming, encapsulation etc.  
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After each flight of an START accountable vehicle, the party conducting the launch must 
provide a recording to the other party of all telemetric information that is broadcast during the 
flight. These recordings must be provided within 65 days following the flight.  
 
Section I (Para 2) of the START Telemetry Protocol states “The Party conducting the flight test 
shall determine the method of recording the telemetric information on the tapes. “ In addition, 
paragraph 4 states that “In order to make it possible for the other Party to play back tapes that 
contain a recording of telemetric information, each Party shall: 
 
Conduct a demonstration of tapes or appropriate playback equipment that is different from the 
tapes or equipment previously demonstrated. 
 
If requested, provide the opportunity to acquire the appropriate equipment to play back the 
telemetric information that is contained on the tapes no less than 30 days in advance of the 
receipt of such tapes, unless otherwise agreed. 
 
If requested, ensure the timely provision of training, maintenance, spare parts, and replacement 
parts for equipment acquired.” 
 
The initial equipment demonstration was conducted back in 1992 when the US demonstrated the 
Metrum 97 14 track analog recorder. Since this time, the US has also demonstrated a SVHS 
video recorder and the Metrum 64 digital recorder with an Asynchronous Recorder Multiplexer 
Output Re-constructor (ARMOR) as described in IRIG 106-05 Telemetry Standards Appendix L 
for recording of multiple PCM streams and analog signals to a single digital file. 
   
Because of the range user requirement for the Western Range to record pre-detection at the 
acquisition sites, this drove the need to provide the Russian Federation with a first generation 
copy of this pre-detection recording. Unfortunately, the ARMOR does not have the capabilities 
to adequately sample the bandwidths we record on analog tape. This forced the range to continue 
to rely on analog tape until a suitable digital recorder could be found to meet the pre-detection 
requirements.  
 
The treaty was later revised to allow data to be provided on media other than magnetic tapes. 
This agreement stated “With respect to paragraph 2 of Section I of the Telemetry Protocol, each 
Party shall have the right to use recording media other than magnetic tapes to record telemetric 
information.” 
 
Now that the Wideband DRS3300E recorder has been selected as the recorder that will meet 
range user requirements, the process has begun to conduct an equipment demonstration to the 
other parties as required by the treaty. The Air Force is now in the process of coordinating the 
details of this new equipment demonstration and we anticipate providing the Russian 
government with Wideband DRS3300E based telemetry recordings by February 2007. 
 
A main goal of the START media delivery from the new digital recorders is to eliminate the 
requirement to provide playback equipment. The new digital media is widely available as 
commercial consumer products and should not require unique playback equipment such as new 
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digital recorders. Direct processing of the digital files rather than conversion back to analog 
signals to feed legacy analog equipment is the recommended method. The legacy analog 
equipment is required only as long as the delivery of analog tapes or Metrum 64 with ARMOR 
SVHS tapes are delivered.  
 
 

TRANSITION FROM ANALOG TO DIGITAL RECORDERS 
 
Users still have analog tape recorders but must receive, playback and process the recorded media 
from the Western Range. Playback of the digital recorder outputs to dub the data to analog tapes 
for delivery has been the first transition step. One obvious solution is to send the data to the 
Users via digital networks but the User legacy analog recorders, analog time code readers, analog 
receivers with demodulators, bit synchronizers, etc are not capable of receiving digital data files.  
Numerous discussions are in progress with the range Users on the deliverable media. 
 
Due to the lack of analog tapes, a project has been initiated to implement digital recorders to 
meet immediate rocket launch recording requirements. The digital recorders have been placed at 
the data processing center and are being placed at the acquisition sites. The digital recorders are 
being used to reduce the amount of analog magnetic tapes that are being consumed. At the 
completion of each mission, the digital recorded files are stored on AIT-3 tapes for archive 
purposes. The data products produced from the digital recorders are delivered to the Users along 
with their analog magnetic tapes. These additional digital data products are for early User 
evaluation during the transition period to digital recorders. 
 
Processes and procedures are the biggest challenge of the transition to digital recorders. The 
digital recorders are simultaneously recording the signals that are being applied to the analog 
magnetic tapes. Once a digital recorder has been configured for mission requirements, it provides 
a continuous output that is evaluated for proper level, sample rate, and data quality. Each output 
is verified during the preoperational checkout. If there is a discrepancy it is rectified prior to the 
mission support. 
 
The digital recorders produce digital files that correspond to the recorded signals that are either 
recorded on the analog and or digital inputs. The analog data sampled file consists of a small 
header of information then fills the file with the analog sampled data, each data point consists of 
one 8 bit data sample which is a signed character at the appropriate sample rate. With valid IRIG 
AC timing, there is an addition file produced that consists of comment lines that start with a 
semicolon, followed by a two column time series data. The first column is elapsed time in 
seconds from the beginning of the data file. The second column is the relative drift between the 
IRIG time and the local time, measured in microseconds. A negative number indicates that the 
local clock is slower than the IRIG time input. The digital data files are a blocked 32 bits of time 
then 32 bits of data format. 
 
To develop best of breed practices in delivering digital media the WR has begun delivery of dual 
layer DVD discs containing the same data as the analog tapes. Some large data files have been 
delivered on HDD for high transfer speeds. The HDD costs are less than analog tape costs while 
the DVD costs are much lower at the expense of slower data transfer rates. This method allows 
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the Users to compare the analog tape data to the digital data to learn methods of processing the 
digital data. Users are cooperating by supplying analog data tapes of specific data that will be 
recorded digitally and delivered on digital media such as the dual layer DVD disc. There are 
many different analog tape data items currently delivered for each of the many programs like 
Atlas, Delta, Pegasus, Minuteman, Peacekeeper, etc. Examples of analog tape data items are 
original tapes, dub tapes of predetection data, dub tapes of predetection to post detection data, 
and dub tapes of post detection data. The new digital media deliveries are tailored to provide all 
of the previous data items and define the new data items that should replace the legacy data 
items. Wide variations in User digital data processing are becoming obvious as some have 
quickly moved to software processing of the digital files while others convert the data to analog 
to utilize their legacy analog equipment such as time code reader, playback receiver with 
demodulator, bit synchronizer, etc. The market will gradually force full conversion to digital as 
the legacy equipment maintenance costs continue to increase while analog tape prices remain 
high and digital media prices continue to decline – even without considering automation or 
network data distribution. 
 
 

WIDEBAND ANALOG SIGNAL RECORDING TEST RESULTS 
 
 
Predetection recording of the Translated Global Positioning System (GPS) L1 with its 2 MHz 
bandwidth and the L2 signal with its 20 MHz bandwidth was tested successfully then used for 
mission support. The independent Translated GPS Range System (TGRS) recording system 
records the GPS L1 signal as reference while receiving the translated GPS signals in the 
telemetry band Telemetry receiver manufacturers offer a frequency down converter and 
frequency up converter option to their receiver for this purpose. These frequency converters are 
an extension to their standard wideband predetection signal frequency converters. Figures 3 and 
4 show recording and playback configurations with the TGRS. Test results have shown playback 
measurements of GPS satellite signal strengths and data quality indicators on the TGRS 
processor Quick Look displays are essentially the same as the real-time signal performance.  
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Another good example of WR wideband predetection recording in 2001 through 2003 was the 10 
Mbs, NRZ-L/FM data link on a new booster. Predetection recording and simultaneous post 
detection PCM recording allowed plume study by examining carrier phase and amplitude during 
each erroneous PCM bit. Specific PCM patterns were transmitted rather than sensor data so the 
value of every bit could be verified. Predetection RCP, LCP and diversity combiner signals were 
recorded for the analysis similar to previous earlier plume studies at lower bit rates. Higher bit 
rate predetection recording is described for three different modulation formats in [7].  
 
 

CONCLUSIONS 
 
 
1. Recording is not in the real-time Range Safety processing, display and execution process 

even though it is a mandatory requirement. The recorded data is used for post flight analysis, 
simulation from previous flight data, reconstruction of flight events and archiving. Real-time 
PCM data acquisition including demodulation and bit synchronization, PCM data relay, 
processing and display is the ER and WR real-time Range Safety requirement  as 
documented and implemented by the Range Systems Architecture II modernization program. 
Predetection data is only a recording requirement. 

2. Data transmission rates continue to be significantly less than recording rates for aircraft and 
other test vehicles that carry on-board recorders because sufficient RF bandwidth is not 
available. Destructive tests such as missiles perform on-board processing to reduce RF 
transmission bandwidth requirements. In addition, recorder speed and capacity exceeds 
network and other communications capabilities for real-time data relay. Even ATM 
communication links cannot match the speed of the current recorders. Real-time transmission 
of critical PCM data is the norm with playback for the remaining majority of the data.  

3. Recording PCM from a data and clock input requires the least recording capacity for digitally 
transmitted links as expected. But, the low cost of digital storage media does not make this an 
overwhelming advantage over predetection signal recording. High cost missions such as 
rockets and missiles are unwilling to give up predetection recording because it provides 
signal analysis capability and data recovery in the event of signal acquisition anomaly. 

4. Attempting to record PCM data without data and clock, e.g., from a RF receiver video output 
without a bit synchronizer, requires as much or more recording capacity as predetection 
signal recording. Predetection signal bandwidth is decreasing for a given PCM bit rate due to 
advanced modulation methods providing more bits/sec/Hz while PCM recording bandwidth 
is remaining constant. 

5. There are still many non digital telemetry signals transmitted that require analog recording. 
The transition to all digital signal transmissions will take many years if not decades due to 
the high costs of replacing legacy systems. The transition from analog to digital signal 
transmission requires no delay in transition from analog to digital recorders because the new 
digital recorders have been demonstrated to record both types of signals very well at lower 
than current costs of analog tape recorders. 

6. As of December 2004, the digital recorders are now mature enough to replace all analog 
recorder functions, with performance superior to analog recorders.  Successful playback of 
Quadrature Phase Shift Keying (QPSK) predetection data, translated Global Positioning 
System (GPS) predetection signals and GPS reference signals has been demonstrated on the 
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new digital recorders.  Analog recorders, on the other hand, cannot perform these functions 
due to TBE, wow, flutter, and jitter. 

7. Removable primary recording media such as RAID or HDD as well as removable archive 
media is required for time critical operations such as rapid turnaround between operations 
and for data storage and shipment. 

8. Another mandatory requirement is playback from archive media directly or to primary media 
to produce preflight simulation data. Examples are provision of vehicle data on archive 
media from launch agencies for modulating a signal generator for prelaunch systems 
verification and playback of previous launch data for the same purpose. Playback is required 
from aggregate or individual stream recordings.  

9. Playback of data from range digital recorders to dub to analog recorders for playback on the 
analog recorders will cause minor data degradation, additional labor hours and delays in 
deliveries. 

10. Industry has done a good job on the technical challenges to provide very capable digital 
recorders to replace the existing wideband analog tape recorders. The more complex 
problems are range and User procedures and agreements. 

11. The Telemetry Working Group (TWG) of IRIG has been methodically revising and adding 
new standards and test methods for the advanced types of modulation, new generation of 
telemetry receivers and digital airborne recorders. The TWG has started major changes to the 
ground station digital recorder publications and will hopefully increase the predetection 
carrier frequencies and add wider bandwidths to reflect the capabilities in the available 
COTS telemetry receivers and demodulators. Use of these new capabilities has already begun 
at several test ranges and common standards are needed for mission planning for joint range 
activities. 
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