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TIMING CORRELATION IN TELEMETRY RECORDING AND
PROCESSING SYSTEMS

F. L. MATTHEWS and R. G. STREICH
International Telephone and Telegraph-Federal Electric Corporation

Vandenberg Air Force Base, CA.

Summary.    The Space and Missile Test Center (SAMTEC) has conducted tests to
correlate independent data stream to within ±10 microseconds. System timing error
measurements have been made to determine RF system delays; the delays associated with
wideband analog tape recorders in the recording, dubbing and reproducing processes; and
uncertainties associated with processed data. Comparison of the time delays between
predetection PCM data and post-detection PCM data are made. Several methods of
recording IRIG time code formats A and B are evaluated for best resolution. Timing error
versus tape recorder head azimuth is plotted. Tape recorder phase delay effects on time
code formats and on PCM data are given. The time bias between the time tag and the
computer processed data is presented. Sources of timing errors and the calibration and
operating techniques available to minimize these errors are discussed. A special time tag
technique (Ref 1) has been used in the past to determine the cumulative timing bias for all
sources. This investigation is believed to be the first attempt to identify the individual
contributions to the cumulative bias.

Introduction.    Comparison tests between two systems are to be conduced on Minuteman
III missile launches at the Space and Missile Test Center. Post-flight performance analysis
will be accomplished using data to compare the two systems. Operational support will
include two data links and acquisition systems. The timing correlation of these two data
streams must be accurately preserved (±10 µsec) because no time tag relative to both links
is inserted prior to transmission from the missile.

Signals as expected during the Minuteman III flight were simulated for test purposes.
Selected time code formats and a precision timing reference were recorded at the
Telemetry Receive Site, Oak Mountain and Pillar Point Air Force Station, then processed
by the SAMTEC Telemetry Data Center computers. Relative mean delay and pulse-to-
pulse jitter were measured at successive points in the data stream. In the past, Minuteman
III event times were correlated to absolute Range time. In this program, however, the
event times of one system will be measured relative to the other system’s event times.
Thus, the relative delay between the links becomes critical. The timing delays for telemetry
UHF frequencies and analog tape recorder have not previously been measured to the



extreme accuracies required. The measurements made in this study provide the data
needed, and resolve timing bias uncertainties and random errors associated with RF
telemetry acquisition, recording and data processing systems.

RF System Delays.   The equipment was configured as shown in Figure 1 to perform the
RF system delay measurements. Individual equipment delays were measured by the
process of elimination. For example, the signal generator was patched directly into the
multicouplers to find the test cable plus parametric amplifier/post amplifier and data cable
contribution to the total delay. The RF calibration cables of the Right Hand Circular
Polarized channel and the Left Hand Circular Polarized channel were then connected to
measure calibration cable loss. The time delay between the receiver input and demodulated
output was measured by inserting a voltage controlled attenuator at the signal generator
output. The pulses used to frequency modulate the RF carrier were simultaneously
changing the RF carrier amplitude. By utilizing an RF detector (whose delay was known)
the time from RF detector output change to the receiver demodulated output was
measured. By utilizing a computing counter both mean time delay and pulse-to-pulse jitter
were obtained over many thousands of samples. To verify the accuracy of the results, all
measurements were confirmed by oscilloscope readings.

A. The total RF system delay is the time period required for a modulated S-band RF
carrier to travel from the paramp input through the system to the record head input.
The measurements were made on receiver postdetection signals or predetection
signals uptranslated and detected in a playback receiver. The time difference
between these two modes is described as follows:

1) Paramp input to the multicoupler output delays are:

UHF Antenna System RCP & LCP
No. 1 508±10 ns
No. 2 483±10 ns
No. 3 400±10 ns

2) The test receivers were equipped with a 4.0 MHz 1st IF filter, 1.5 MHz 2nd IF
filter, and 750 kHz postdetection video filter. The measured delays for each
configuration are:

• Receiver input to post-detection output = 1318±100 ns*
• Pre-d receiver plus downconverter (10 MHz to 900 kHz) plus uptranslator

(900 kHz to 10 MHz) plus playback receiver = 2035±100 ns*



* The peak to peak jitter of the test signal caused a wide variation, a
mean was obtained by computing many thousands of samples
measured on  several receivers.

3) The representative delay of a predetection diversity combiner was measured to
be 237 ns while the delay of a post-detection diversity combiner was measured
to be 78 ns.

4) Receiver or combiner outputs to the recorder final record driver amplifier
varies by a small amount because of cable lengths and different types of
recorders. In every case, the measured values were less than 50 ns.

5) The relative delay differential between RCP and LCP signals on any of the
three antenna systems at test frequencies of 2205.5 MHz, 2250.5 MHz and
2299.5 MHz was less than 10 ns in every case from pre-amp to record head
input. In addition, the absolute time difference between RCP and LCP and the
combined signal was repeatable with 20 ns. Errors due to the critical
adjustment of the start and stop trigger levels associated with the computing
counter test set were minimized by use of an oscilloscope.

6) The total RF system delay relative difference between RCP and RCP or LCP
and LCP or combined and combined data from two separate RF links which
were separated by 20 MHz was measured to be less than 100 ns. The relative
differences are suspected to be less but could not be confirmed due to signal
jitter. The two RF signal sources were modulated by the same data stream to
obtain a common synchronous data links reference, but jitter between the two
sources caused an uncertainty.

B. Antenna system test line mean time delays were measured to be:

System No. 1 Single Test Line 476±10 ns
System No. 2 Test Line #1 390±10 ns
System No. 2 Test tine #2 390±10 ns
System No. 3 Single Test Line 411±10 ns

Inherent test equipment time delays which were measured are:
1) S-band Signal Generator (frequency modulated) 466±20 ns
2) 100 pps Phaselock Modulator    78± 2 ns



Recording/Dubbing/Playback Delays.   (Refer to Figures 2 and 3)

C. IRIG-A and IRIG-B time code formats on 10 kHz and 1 kHz carriers respectively
were recorded direct on even head stack tracks for comparison to a 10 µs reference
pulse with 100 pps repetition rate. The same 10 µs reference pulse was
simultaneously recorded on the odd head stack and the IRIG-A and IRIG-B timing
was FM recorded on individual tracks of the same head stack. The 10 µs pulse with
fast rise and fall time was chosen to obtain optimum recorder response to minimize
the reproduced pulse slope which determines the uncertainty of counter trigger
levels. The low repetition rate (100 Hz) was chosen to avoid time delay
measurement ambiguities. This technique was developed by F. W. Semelka of TRW
Systems Group for a concurrent, independent investigation conducted on TRW
processing systems [Ref 2].

Comparisons of the time delay differences of the reference pulse and the time code
translator 100 pps output are given in Table 1. Results from playback of a dub tape
are also reported. The test tapes and dubs were recorded on CEC VR 3700A
recorders at the Telemetry Receive Site and played back at the Telemetry Data
Center areas on different CEC recorder models in each area. Multiple figures in a
column represent playback of the same tape several times to check recorder
consistency or to illustrate playback on another recorder of the same manufacturer
type. Each value shown represents a minimum of ten thousand samples taken with a
H/P 5360A Computing Counter and confirmed with oscilloscope readings. All
playbacks were made at 120 ips.



TABLE 1
EFFECTS OF TAPE RECORDING ON TIMING

NOTES: (1) RMS jitter was calculated since p-p jitter was not measured.
(2) Trk 7 100 pps suffered dropouts due to being an edge track so Trk 6 was

used. Trk 6 to Trk 7 differences were 1.86 µs mean delay with 0.82 µs p-p
jitter.

To verify that the large lead of the timing signals was not peculiar to the CEC
type recorders, additional oscilloscope measurements were made on other
brands of recorders. The results are listed below. Subsequent testing of the
various models of time code translators proved that over 90% of the pulse-to-
pulse jitter as listed in Table 1 is due to the translators and not the recorders.
Investigation of this problem is in progress.



1) Playback on Mincom Model M-40:

Start Stop Mean Delay (in µs)

A(Dir), Trk 4 100 pps Ref, Tyk 6 .40
B(Dir), Trk 2 100 pps Ref, Trk 6 .130

2) Playback on Ampex Model FR 2000:

Start Stop Mean Delay (in µs)

A(Dir), Trk 4 100 pps Ref, Trk 6 .40
B(Dir), Trk 2 100 pps Ref, Trk 6 .200

3) Playback on VR 3600, Record on M-40 and Monitor M-40 Reproduce
Output:

Start Stop Mean Delay (in µs)

A(Dir), Trk 4 100pps Ref, Trk 6   .55 *
100 pps Ref, B(Dir), Trk 2 .300 *
  Trk 6

*These results indicate radical differences in record process phase
characteristics at low frequencies between machines from different
manufacturers. Reference 3 explains the causes of these differences.

B. The effects of tape recorder delay caused by head azimuth misalignment on a Model
VR 3700A tape recorder were measured. The results are tabulated in Table 2. Only
the even head stack results are shown since the odd head stack had identical results
within the measurement accuracies obtainable.

The reproduce head alignment was set by recording a sine wave on several tracks
and then aligning the head for the optimam lissajous pattern. When recording a
123.2 kHz sine wave at 120 ips, a 90E delay (indicated by a perfect circle lissajous
pattern on an oscilloscope) results in a misalignment of .3 arc minutes. 10 µs pulses
at 100 pps repetition rate were then recorded and played back at 120 ips.



TABLE 2
TIME DELAY DUE TO RECORDER HEAD AZIMUTH MISALIGNED

Start Stop
0E Delay

No Misaligment
90E Delay

3 Arc Min Misaligned
180E Delay

6 Arc Min Misaligned

Trk 4
Trk 4
Trk 2

Trk 2
Trk 6
Trk 6

+248.1 ns
+549.8 ns
+670.5 ns

+1.25 µs
-1.39 µs
-2.21 µs

+2.43 µs
-2.51 µs
-4.45 µs

NOTE: RCC Document No. 106-71, Paragraph 5.6.2.2.2, recommends a criteria of ±1
arc minute maximum misalignment be established. Control procedures were
inplemented at the SAMFEC in 1970.

C. A 10 µ second wide pulse at 100 pps repetition rate was used to modulate an RF
signal generator patched into the antenna receiving system under test. A single post-
detection signal was recorded simultaneously on all tracks of interest. Then the test
was repeated for predetection signal recording at 900 kHz. The relative time
difference between identical synchronous data recorded in the post-detection and
pre-detection modes is tabulated in Table 3. Playbacks were made on a Model VR
3700B recorder.

 TABLE 3
RELATIVE TRACK TO TRACK TIME DIFFERENCES

FOR PRE-D AND POST-D DATA

Start Stop Mean Delay Pulse-to-Pulse Jitter

Post-D (Trk 4)
Post-D (Trk 4)
Post-D (Trk 4)
Pre-D (Trk 4)
Pre-D (Trk 4)
Pre-D (Trk 4)

Post-D (Trk 2)
Post-D (Trk 3)
Post-D (Trk 5)
Pre-D (Trk 2)
Pre-D (Trk 3)
Pre-D (Trk 5) 

1.92 µs
21.17 µs
22.12 µs
1.84 µs

18.2 µs
20.97 µs

1.82 µs
2.13 µs
2.15 µs
1.0 µs
1.0 µs

Not Recorded

D. End-to-end relative time delays between two predetection combiner data stream
were measured and a tape was recorded. The reference pulse used to modulate the
two signal generators was simultaneously recorded on the same head stack. The
results described in Table 4 are representative of all three antenna systems. The
measurements taken on RCP and LCP data tests are also listed as a cross check.



TABLE 4
SYSTEM END-TO-END DIFFERENCES BETWEEN

TWO RF DATA LINKS

Start Stop Mean Delay

100 pps Ref (Trk 4)
100 pps Ref (Trk 4)
2205.5 MHz Combined (Trk 2)

100 pps Ref (Trk 4)
100 pps Ref (Trk 4)
2205.5 MHz LCP (Trk 6)

100 pps Ref (Trk 4)
100 pps Ref (Trk 4)
2221.5 MHz LCP (Trk 6)

2205.5 MHz Combined (Trk 2)
2221.5 MHz Combined (Trk 6)
2221.5 MHz Combined (Trk 6)

2205.5 MHz RCP (Trk 2)
2205.5 MHz LCP (Trk 6)
2205.5 MHz RCP (Trk 2)

2221.5 MHz RCP (Trk 2)
2221.5 MHz LCP (Trk 6)
2221.5 MHz RCP (Trk 2)

14.92 µs
12.49 µs
2.44 µs

14.42 µs
10.69 µs
3.34 µs

16.77 µs
12.29 µs
5.67 µs

Data Processing System Delays.   At present, 100 µ second absolute time tag accuracy of
Minuteman data is accomplished by inserting a time mark into the data at the acquisition
site before recording. The time tag interrupts the data and causes a special pattern to be
inserted. Since the data is time tagged before recording, all recording, dubbing, and
processing error can be measured in one sum total by checking the time bias between the
millisecond marker derived from the recorded tine code format and the time tag inserted
into the data stream which appears as a special word (i.e., 0000000000001111). See
Reference [1] for details.

The time bias between the millisecond marker (which is recorded on a formatted digital
magnetic tape during the word time slot or syllable time slot) and the special time tag word
is tabulated in Table 5. These results include the playback analog tape recorder, the
playback receiver for predetection data, the time code translator, the PCM decommutator,
the processor/formatter, and the digital magnetic tape recorder as parts of the processing
system. The formatted digital magnetic tape is the end item of recorded timing and data
from which a fixed reference has been established. Refer to Figure 4 for the test
configuration.



One formatted tape was produced for each track of the analog tape which was recorded in
the following format:

Trk Contents

1
2
3
4
5
6
7

IRIG-A (ac) direct
Time tagged data stream
Mixer (voice on 30 kHz and IRIG-B (ac) on 70 kHz)
200 kHz servo reference
900 kHz pre-d
same as 5
IRIG-B (ac) direct

NOTE: The data format is simulated Minuteman bit rate, code type, and deviation. The
entire system was configured as it is during Minuteman launch support including
recording and playback for processing at 120 ips.

TABLE 5
PROCESSING SYSTEM TIME BIASES

(1) Processor No. 2 recorders are not adapted to utilize 200 kHz servo reference.

NOTE: None of the six processors at the SAMFEC have the capability to process while
translating IRIG-A time code. This capability is scheduled for implementation in
the near future.



Discussion of Test Results.

A. RF System Delays

The time difference between antenna RCP and LCP channels from the paramp input
to the recorder is no greater than 10 nanoseconds. Furthermore, pre-detection
combiner data from two links 20 MHz apart was measured to be within 100
nanoseconds on a given system. The validity of this measurement has also been
substantiated by the system’s ability to perform frequency diversity combining in the
pre-detection mode of two simulated Minuteman RF links separated by 25 MHz (see
Reference [4]).

The rise time of the reference pulse was measured to be less than 5 nanoseconds. This
pulse was measured at the receiver output and had a rise time of over 200
nanoseconds. Measurement techniques other than those used are required to obtain
greater accuracies at the data bandwidths tested. However, the accuracies reported
herein exceeded the test criteria of ±1 µs measurement accuracy.

B. Recording/Dubbing/Playback Delays

Time delays measured on all operational TDC recorder playbacks of original and
dubbed tapes show that IRIG-A (ac) direct is an order of magnitude better than
IRIG-B (ac) direct (i.e., lower mean time delay and jitter). This improvement was
expected because of (1) better resolution in the IRIG-A time code and (2) the
frequency response of a tape recorder/reproducer to accept the IRIG-A 10 kHz
carrier. However, the predominant factor governing the improvement of IRIG-A over
IRIG-B is the phase lead characteristics of the tape recorder and not the resolution of
the time code itself. Specifically, the phase lead appears as a time advance when
timing pulses are derived from the AC time code carrier. This advance can be seen in
Table 1 where the time code translator output is ahead of the recorded reference pulse
in all cases. The phase lead appears to be relatively constant between the 1 kHz and
10 kHz time code carriers so that the mean delay is dependent almost solely on the
carrier frequency. Additional phase changes can also be seen in the FM record/
reproduce process.

The contribution of phase lead of each tape recorder is additive in the dubbing
process.

Variations between IRIG-B (ac) direct time delay were measured to be as great as 65
microseconds from one recorder type to another during playback of the same tape.
The variations in the IRIG-A (ac) direct were as great as 6 to 7 microseconds from



one recorder type to another. Variations due to the record process of different
manufacturer’s machines is of much greater concern than playback variations. These
variations present no time correlation problem if both links are processed on the same
system. Although these phase lead variations change from recorder to recorder, the
relative difference is small on a given recorder from track to track.

Comparison of IRIG-A (ac) direct and IRIG-A (K shows that the mean delays are
similar. The IRIG-A (ac) direct pulse-to-pulse jitter is less than the IRIG-A (FM). The
stability of the FM modulator VCO may be the cause of the higher jitter.

SAMIEC operational support is complying with the recommendations of IRIG 106-71
to FM record IRIG-B on a wide band recorder type. Even though operating
conditions have been improved and the mean time delay is reduced, no significant
reduction in pulse-to-pulse jitter is obtained because the jitter is produced in the time
code translator. Finer resolution of the time code is the only method now available to
reduce the jitter.

In Reference [5], it is shown that extreme degradation of predetection data occurs for
head azimuth misalignment greater than 1.5 arc minutes. The measurements of time
delay due to recorder head azimuth misalignment will be less than 2 microseconds
when IRIG recommendations of ±1 arc minute are met. Therefore, complete data loss
will occur before significant change in time correlation (i.e., 2 microseconds) when
both links are recorded on the same head stack. Table 3 shows even to odd tape track
time displacements that can be expected (i.e., 22 microseconds).

Table 3 shows the record/reproduce time delay differences between predetection data
and post-detection data are negligible. Any differences are less than the errors caused
by the tape recorder. Time delays due to phase change at these high data frequencies
(350 Kbs) are on the order of 50 nanoseconds.

Table 4 shows the largest time correlation errors between two links is caused by the
tape recorder playback process. The tape recorder errors will be in the range of 2 to 4
microseconds when recording both links on the same head stack.

C. Data Processing System Delays

Table 5 shows that formatting to the syllable level produces an incorrect time tag
when using IRIG-B time code. The cause of this incorrect tine tag is caused by the
millisecond marker jitter being greater than a 20 µs syllable time. Table 1 shows that
the Processor No. 2 millisecond marker jitter from tape playback of IRIG-B is
approximately 24 microseconds; however, Table 5 shows that the Processor No. 2



jitter is less. Note that the Processor No. 3 processing time bias jitter is much closer
to the value measured in Table 1.

Formatting to the syllable level with IRIG-A time code is feasible based on Table 1
jitter measurements. A finer resolution time code (e.g., IRIG-G) is required to format
with a time tag accuracy of less than a syllable time. A syllable time of approximately
20 µs is assumed.

No significant effects were observed when processing with tape speed servo
reference control as opposed to without. The effects were obscured by millisecond
marker jitter.

Since the millisecond marker in the formatted data shows the same lead to processed
data as the time code translator to the 100 pps reference pulses in the recorder tests,
the processing systems introduce no significant errors.

Conclusions.   The relative time difference in receiving, recording, playback and
processing of two synchronous Minuteman links (when using IRIG-A and syllable level
formatting) will be approximately 4 microseconds. Therefore, relative timing requirements
of 10 microseconds between two links can be met with the use of standard operating
techniques at the SAMTEC.

The received data undergoes a series of additive delays while the derived timing marker is
advanced ahead of epoch timing due to phase lead. Therefore, the absolute time tag error
is the sum of the data delays and the timing advances or approximately 15 microseconds
when IRIG-A is employed. The absolute time tag error can be grossly enlarged by the tape
dubbing process so that use of original tapes is recomended where absolute time tag
requirements are critical.
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RF SYSTEM TIME DELAY MEASUREMENT AND TEST TAPE
RECORDING CONFIGURATION

FIGURE 1



TEST CONFIGURATION FOR SIMULATED MINUTEMAN PCM
BIT SYNC + TINING TEST TAPE RECORDING

FIGURE 2



TAPE DATA ANALYSIS CONFIGURATION
FIGURE 3

TIME TAGGED DATA PROCESSING
FIGURE 4


