ARTM CPM RECEIVER/DEMODULATOR PERFORMANCE
AN UPDATE

Kip Temple
Air Force Test Center, Edwards AFB CA

ABSTRACT
Since the waveform was first developed by the Advanced Range Telemetry Program (ARTM)
and adopted by the Range Commanders Council Telemetry Group (RCC/TG),
receiver/demodulators for the ARTM Continuous Phase Modulation (CPM) waveform have
undergone continued development by several hardware vendors to boost performance in terms of
phase noise, detection performance, and resynchronization time. These same results were
initially presented at the International Telemetry Conference (ITC) 2003 when hardware first
became available supporting this waveform, at the time called ARTM Tier II. This paper reexamines the current state of the art performance of ARTM CPM receiver/demodulators
available in the marketplace today.
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INTRODUCTION
ARTM CPM, along with PCM/FM and SOQPSK-TG/FQPSK, is one of three modulation
schemes standardized within IRIG-106 [1]. The legacy waveform, PCM/FM, is still widely used
today though given the ongoing spectrum battles and increasing platform data rate requirements,
the migration to SOQPSK/FQPSK has started. The more spectrally efficient SOQPSK/FQPSK
systems are now supporting flight testing all over the world, though ARTM CPM has yet to find

acceptance as another viable modulation scheme for aeronautical mobile telemetry (AMT). A
quick market survey showed that only 8-10% of transmitters sold in the last two years had
ARTM CPM as an option for a modulation choice.
Of the three modulation schemes defined within IRIG-106, ARTM CPM is the most spectrally
efficient with a 99% Occupied Bandwidth of 0.56 times the bit rate, making it the best choice for
bandwidth constrained telemetry applications. As with any design trade-off, the superior spectral
efficiency offered by the use of ARTM CPM has historically been offset by susceptibility to
system phase noise, complex demodulation leading to larger resynchronization times after a
signal loss (due to severe multipath, antenna pattern nulls, ground station antenna pointing errors,
etc.), and less detection efficiency when compared to SOQPSK/FQPSK.
The work previously documented [2] characterized the performance of ARTM CPM hardware
and compared that to the performance of existing SOQPSK telemetry hardware. The testing was
not only laboratory-based but also included actual flight testing of the waveforms. While not as
encompassing as the original work, the focus of this paper will be to characterize system level
performance in terms of bit error probability (BEP) versus bit energy to noise density ratio
(Eb/No), measure phase noise (a system-level error contributor to a telemetry system), and
determine resynchronization time, a major contributor to degraded Link Availability in a
telemetry system [3].
ARTM CPM TELEMETRY RECEIVERS
Telemetry hardware vendors were queried about the availability of existing receivers and standalone demodulators supporting ARTM CPM and if these units were available for lab testing.
Telemetry receivers were ultimately supplied by Quasonix, SEMCO, and Zodiac Data Systems.
The exact units tested are listed in Table 1.
Telemetry Vendor
Part Number
Quasonix
QSX-RDMS-RM1-1111
SEMCO
RC200-2
Zodiac
Cortex RTR IS00316
Table 1 – Telemetry Receivers

Serial Number
1083
120331-0001
090521

In order to provide a baseline for the testing, a wideband Microdyne M700 receiver was coupled
to a Nova Engineering MMD44 demodulator. Not only is this legacy configuration a viable
baseline, it is the exact hardware configuration used in the previous testing. Table 2 shows the
exact units used as the ARTM CPM baseline.

Telemetry Vendor
Microdyne
Nova Engineering

Baseline System
Item
Part Number
Receiver
M700WB 108-530-01
Demodulator
HM-MMD44-R-70-1-T
Table 2 – Baseline System

Serial Number
190
1005

A multitude of settings are available in the receivers tested so where possible, a common set up
between receivers was attempted. All receivers were set to an AGC time constant of 0.1ms,
intermediate frequency bandwidth (IFBW) was automatically set by the receivers given the data
rate, and single channel operation (no diversity combining) were selected.
LABORATORY TESTING – PHASE NOISE
Phase noise of each of the receivers was tested at center frequencies in L-Band and S-Band as
these are the common AMT bands in use today. Figure 1 shows the test set up used to measure
the phase noise of each receiver.

Figure 1 - Block Diagram of Phase Noise and Eb/No vs. BEP Test Set-Up
A low phase noise reference oscillator (Anritsu MG3633A) was used to excite the down
conversion chain in each receiver. An Agilent Signal Analyzer E5052B was used to measure the
additive phase noise at frequency offsets of 10Hz-1MHz from the carrier. At each measurement
point, 5 averages were taken. Each plot shows the phase noise of the reference oscillator (lower
than the receiver phase noise in all cases), the phase noise mask as defined in IRIG-106, and the
receiver additive phase noise when tuned to various center frequencies in L-Band and S-Band.

Figure 2 – Phase Noise - Microdyne and Quasonix Receiver

Figure 3 – Phase Noise - SEMCO and Zodiac Receiver
Looking over the resulting phase noise plots (Figures 2 and 3) we see different noise profiles and
discrete components at different frequency offsets between each of the receivers tested. While
the architectures of the receivers are not known it is evident from the general shapes of the
curves that different oscillators are used by the manufactures. It is difficult to assess the exact
effect of excessive additive phase noise on a telemetry system but certainly lower data rates
could be adversely affected. Past testing has shown degraded Eb/No vs. BEP and increased
resynchronization times with receivers or receiver/demodulator combinations that had phase
noise far in excess of the mask defined in IRIG-106. Any effect excessive phase noise has in
these tests will be imbedded within the results for each test.
LABORATORY TESTING – Eb/No vs. BEP
Figure 1 shows the block diagram of the equipment configuration used to evaluate Eb/No vs.
BEP performance. The “reference” ARTM CPM waveform was generated using a laboratory
reference transmitter consisting of the combination of a RF Networks SK10155-2 I/Q-source
driving an Agilent MXG-series N5182A vector generator. The I/Q modulator within the vector
generator was manually balanced for I/Q offset, I/Q Gain, and quadrature error in order to ensure
optimum performance of the reference transmitter. The signal from the reference transmitter was
sent to a FastBit FB2000 Noise and Interference Test Set (NITS) that precisely set a range of
Eb/No given the data rate of the input signal. The resulting signal + noise was then sent to the
receiver under test. The resulting bit error rate was recorded for each setting of Eb/No.

A setting that can affect Eb/No vs. BEP performance is the filter selection prior to demodulation.
The IFBW setting for the M700 receiver was manually configured based upon the data rate. All
other IFBW settings were set automatically by the receivers by selecting the data rate once in
ARTM CPM mode.

Figure 4 – Eb/No vs. BEP - Baseline System and Quasonix Receiver

Figure 5 – Eb/No vs. BEP – SEMCO Receiver and Zodiac Receiver
A cursory examination of the resulting data (Figures 4 and 5) reveals that each receiver was at or
near the detection performance criteria used in most receiver specifications. Some maintained
synchronization at lower values of Eb/No and the general shape of the curves varied based upon
the detection algorithm used in each receiver’s demodulator. Instead of comparing detection
curves some procurement specifications use a single point comparison. A common BEP chosen
for comparison is 1.0e-5 (or 1 error in every 100000 bits). Table 3 summarizes the performance
of each of the receivers at this BEP point.
Receiver
Eb/No for BEP=1.0e-5
Baseline
13.5dB
Quasonix
13.5dB
SEMCO
14.5dB
Zodiac
12dB
Table 3 – Detection Efficiency Comparison
RESYNCHRONIZATION TIME
The resynchronization time test is designed to mimic two cases of real world fade events, a flat
fade event and an initial acquisition event. These tests are described in [4] but will be explained
here also for clarity. The flat fade event is characterized by a short term signal loss caused by
some mechanism (multipath, aircraft antenna pattern nulls, or other mechanism). Typically in

this short amount of time antenna tracking is not lost and the aircraft has not moved very far in
space. The initial acquisition event is intended to simulate a long term signal loss where any
prior information about the signal is lost forcing the receiver to acquire the signal in the blind.
This can either occur during initial signal acquisition, after an antenna tracking error of
significant duration, or from a signal fade from a fast moving target. Figure 6 shows a block
diagram of the set-up for receiver/demodulator resynchronization testing.

Figure 6 – Block Diagram of Resynchronization Testing Test Set-Up
For both flat fade recovery and initial acquisition test setups, the reference transmitter is sent a
pattern of continuous 1’s then randomized per IRIG-106 prior to modulation and transmission.
The I/Q generator constructs ARTM CPM in I and Q form from the randomized 1’s pattern
which is then connected to the vector generator. The vector generator is set to the appropriate
center frequency within one of the telemetry bands at an appropriate level for the Noise and
Interference Test Set (NITS). The NITS is configured either for pass-thru (high SNR) or is used
to set a value of Eb/No for the ARTM CPM waveform that result in a BER of approximately
1.0e-5 for the receiver being tested. The resulting signal is then sent to a switch which switches
between the signal and noise. The level, bandwidth, and center frequency of the noise is set by
the combination of the NoiseCom UFX7107 noise source and custom Miteq up-converter. Level
of the noise is set consistent with the signal to minimize automatic gain control (AGC) action of
the receiver under test. A function generator is used to drive the switch, for this testing switch
rate is set to 240mHz. The receiver under test is presented with the switched signal which then
must acquire, demodulate, and de-randomize the signal. Output data pattern of the receiver will
be all 1’s when synchronization is achieved. Resynchronization time is determined by measuring
the time between when the switch was switched to signal (from noise) to the time all 1’s are
present in the output of the receiver. For each test 25 resynchronization times were recorded and
an 80th percentile rank of that set was used to establish one number for each resynchronization
test. This was then repeated twice more with the results being compared for consistency.

Both flat fade recovery and initial acquisition tests are conducted with high SNRs and with
additive calibrated noise. Noise is added to the signal to assess the effect of acquisition in the
presence of noise. The difference between the tests is whether or not the carrier is swept
continuously throughout the testing. For the flat fade test, the carrier frequency is static, i.e.
there is no Doppler effect or signal drift present on the signal. For the initial acquisition test, the
receiver is required to acquire with no prior knowledge of the signal so the carrier frequency is
deviated every switch cycle. Figure 4 shows the waveform used to sweep the carrier resulting in
a carrier sweep rate of 4kHz/s. It should be noted that care was taken no ensure no periodicity
between the switching frequency (240mHz) and the carrier sweep rate (4kHz/s). A periodic rate
between the two could bias the results. Table 4 shows the reacquisition tests that were run for
each receiver.

Receiver
Baseline
Baseline
Baseline
Baseline
Quasonix
Quasonix
Quasonix
Quasonix
SEMCO
SEMCO
SEMCO
SEMCO
Zodiac
Zodiac
Zodiac
Zodiac

Resynchronization Test Matrix
Test
Eb/No
Flat Fade
∞
Flat Fade
13dB (BER~1e-5)
Initial Acquisition
∞
Initial Acquisition
13dB (BER~1e-5)
Flat Fade
∞
Flat Fade
13dB (BER~1e-5)
Initial Acquisition
∞
Initial Acquisition
13dB (BER~1e-5)
Flat Fade
∞
Flat Fade
14dB (BER~1e-5)
Initial Acquisition
∞
Initial Acquisition
14dB (BER~1e-5)
Flat Fade
∞
Flat Fade
12dB (BER~1e-5)
Initial Acquisition
∞
Initial Acquisition
12dB (BER~1e-5)
Table 4 – Resynchronization Tests

Bit rates for each test varied between 5Mbps, the recommended minimum date rate for ARTM
CPM in IRIG-106, and the maximum data rate each receiver offered. The baseline system range
was 5-20Mbps, the Quasonix receiver had a range of 5-46Mbps, the SEMCO receiver was 530Mbps, and the Zodiac receiver was 5-24.5Mbps.
Some receiver settings have a large impact on resynchronization time such as AGC time constant
(set to 0.1ms) and carrier acquisition range. Some of the receivers the acquisition range was a
selectable parameter with the others setting this range based upon bit rate. Table 5 summarizes
carrier acquisition ranges for each of the receivers and bit rates tested.

Receiver
Carrier Acquisition Range
Baseline (demodulator)
+100kHz
Quasonix
+0.5*IFBW
Semco
+0.35*(bit rate)
Zodiac
+0.5% of bit rate
Table 5 – Resynchronization Tests

Figure 7 – Resynchronization Results, Flat Fade Recovery

Figure 8 – Resynchronization Results, Initial Acquisition
For 2 of the 3 manufactures the resynchronization times are much improved over the
baseline/legacy system initially tested. The third receiver, from SEMCO, is undergoing further
ARTM CPM demodulator development so retesting this unit will be in order.
Given these new results, an interesting comparison should now be done comparing legacy
SOQPSK-TG resynchronization times with those of the new generation ARTM CPM receivers.
When SOQPSK-TG was first developed a major decision point for fielding this waveform was
how the resynchronization performance compared to legacy PCM/FM systems. Fortunately the
baseline system used in this paper, reconfigured for SOQPSK-TG detection was the system
initially compared to PCM/FM systems in terms of resynchronization. Figures 9 and 10 illustrate
this comparison.

Figure 9 – Resynchronization Results, Flat Fade Recovery

Figure 10 – Resynchronization Results, Initial Acquisition
As can be seen, current receivers available in the marketplace today offer resynchronization
times of ARTM CPM which compare very favorably to the initial SOQPSK-TG baseline system.
While the performance is not exact, the gap between resynchronization times has certainly been
narrowed. This begs the question, “If the resynchronization times of SOQPSK-TG were deemed
fast enough to justify a migration to SOQPSK-TG then; shouldn’t similar numbers also justify
the use of ARTM CPM now?
CONCLUSIONS







For the receivers tested, phase noise is well controlled and meets the IRIG-106 phase noise
mask
Detection performance, while not exact between manufactures, was consistent with
established specification limits
Synchronization threshold has been improved upon since the baseline system was designed
and fielded
While there was a wide variation in resynchronization times between the three receivers
tested for both Flat Fade and Initial Acquisition, in general the times have been much
improved
If Doppler shifts and carrier frequency errors are characterized, narrowing carrier acquisition
range can greatly reduce resynchronization time
Current ARTM CPM receiver/demodulators resynchronize on par with the first generation
SOQPSK/FQPSK receiver/demodulators

 Given the measured performance of current generation ARTM CPM receiver/demodulators,
this modulation scheme should be considered a viable modulation scheme for AMT
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