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ABSTRACT 
 
Typical airborne test platforms use multiple telemetry transmit antennas in a top and bottom 
configuration in order to mitigate signal shadowing during maneuvers on high dynamic 
platforms. While mitigating one problem, this also creates a co-channel interference problem as 
the same signal, time delayed with differing amplitude, is sent to both antennas. Space-Time 
Coding (STC) was developed with the intention of mitigating this co-channel interference 
problem, also known as the “two antenna problem”. Lab testing and preliminary flight testing of 
developmental and pre-production hardware has been completed and documented. This is the 
first test dedicated to assessing the performance of a production STC system in a real-world test 
environment. This paper will briefly describe lab testing that preceded the flight testing, 
describes the airborne and ground station configurations used during the flight test, and provides 
detailed results of the performance of the space time coded telemetry link as compared against a 
reference telemetry link.    
 

KEY WORDS 
 
Space Time Coding, STC, SOQPSK, Resynchronization, Bit Error Probability, Eb/No, Link 
Availability 

 
INTRODUCTION 

 
Space-time coding, a form of transmit diversity, has been shown through theoretical studies [1,5] 
and developmental hardware [2,3] to mitigate the co-channel interference problem created using 
two antennas to transmit the same telemetry signal. This has also been referred to as the “two 
antenna problem” [1-3]. Years of concept generation, analysis, hardware development, and 
testing of a space-time coded telemetry waveform has led to production hardware ready for 
installation into test aircraft and ground receiving stations in support of real-time missions. 
 
The work contained in this paper builds upon the initial flight testing work accomplished with 
pre-production hardware [2, 3]. The STC link was compared to an uncoded reference link with 
the overall performance metric being link availability [4]. Bit error data and receiver automatic 
gain control (AGC), which gives an indication of the received power level at the antenna for 
each link, was both recorded for the links. This paper presents the results of these tests and 
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shows that space-time coding is effective in eliminating the signal outages caused by the “two-
antenna problem.” 
 
The space time coded system relies upon transmit diversity to mitigate the two antenna problem. 
The input bit stream is space-time coded resulting in two parallel bit streams which then have a 
pilot sequence added to each at fixed bit intervals (or blocks). These encoded/pilot-added streams 
are then individually modulated to a carrier using SOQPSK modulation, power amplified, then 
connected to a top and bottom antenna. The keys to remember are: 
 

1. Only SOQPSK is available with space-time coding 
2. A space-time coded “transmitter” requires two phased-locked transmitters, one connected 

to a top antenna and one connected to a bottom antenna  
 

The job of estimating frequency offset, delays, gains, and phase shifts due to the transmission 
channel then space-time decode the signal is done within the STC receiver [2].   
 

LABORATORY HARDWARE TESTING 
 
Prior to flight testing, the production STC hardware consisting of a transmitter and receiver 
manufactured by Quasonix was tested in the Telemetry Laboratory at the Air Force Test Center 
(AFTC) at Edwards AFB. The testing was comprised of comparing modulated spectrum, 
detection performance, and resynchronization performance to an uncoded reference system. The 
reference system consisted of a transmitter and receiver also from Quasonix representing current 
state of the art SOPQSK performance in terms of waveform generation and detection. Most of 
the lab testing was done with a baseband data rate of 5Mbps to emulate the data rate of the flight 
test.    

 

   
Figure 1 – STC Hardware, Transmitter and Receiver 
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Figure 2 - Spectrum Comparison, SOQPSK vs. SOQPSK-STC 

 

    
Figure 3 – Eb/No vs. BEP for Production STC Hardware 

 

 
Figure 4 – Resynchronization Time STC Receiver 

 
A comparison of the spectrum reveals identical performance in generating the over-the-air 
SOQPSK waveform. A closer look reveals the STC waveform is slightly wider than the 
reference waveform. This is due to the slight overhead associated with the space time code 
structure resulting in a 4% increase (5Mbps to 5.2Mbps).  
 
Two sets of detection performance curves were generated differing only in the relative 
amplitudes of each STC signal (S1 and S2). The first compared the reference to equal power 
levels of S1 and S2, then S1only, then S2 only. The second compared the reference to differing 
levels of signal amplitude difference of 3dB, 6dB, and 10dB. The result of this testing showed: 
 

• Difference in detection curve shape of the STC system when compared to the reference 
• Consistent detection performance of the STC system at various signal amplitude 

differences 
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• Like detection performance between the reference and STC system when only one STC 
signal is present 

 
Resynchronization performance was then investigated as demodulator resynchronization time is 
one contributor to degraded link availability. A direct comparison with the reference shows a 
100X increase in resynchronization time when testing flat fade recovery [6]. At first glance this 
is a significant amount, but given the complexity of the STC decoder/demodulator and what it 
must accomplish during each data block, this number is justified. Also remember the purpose of 
STC is to mitigate antenna pattern nulling, one source of flat fades. As resynchronization events 
decrease, link availability will increase so the added time to resynchronize may be offset by the 
space-time code. Lab testing gave some insight into the performance of the STC system with the 
results providing no indication that the hardware should not be tested in an airborne 
environment.  
 

AIRCRAFT AND GROUND STATION SYSTEM DESCRIPTION 
 
The airborne and ground station set-ups were nearly identical as those described in [3] with the 
exception of the actual STC transmitter and receiver being production units. The airborne system 
was designed to simultaneously produce space-time coded and traditional telemetry streams 
which were power matched, combined, and sent to a top and bottom antenna. This approach 
eliminated aircraft location, transmit antenna placement, and output power as variables in the 
comparison. One variable is the amount of transmit power sent to each antenna, for this specific 
test the telemetry signals were divided evenly (“50/50 split”) by using a power divider. Other 
common options are an 80/20 split and 90/10 split. The other variable is carrier frequency for the 
STC and reference signals. For this test upper L-Band was chosen for Range scheduling 
purposes with the signals being separated by 30MHz. This amount of separation is common to 
[3] which verified similar antenna patterns when separated by 30MHz. See Figure 5 for a block 
diagram of the aircraft transmission system. The test parameters are summarized in the Table 1.  
 

 STC Link Reference Link 

Data Type PRBS-11 PRBS-11 

Baseband Data Rate 5Mbps 5Mbps 

Over-the-Air Channel Rate 5.2Mbps 5Mbps 

Modulation Method SOQPSK-TG SOQPSK-TG 

Carrier Frequency 1800.5MHz 1770.5MHz 

Power per Antenna ~+37dBm (matched) ~+37dBm (matched) 
Table 1 – Aircraft System Test Parameters 

 
The over-the-air data rate for STC link is higher than the data rate because of pilot bit insertion. 
The pilot bits are required to estimate the channel gains between each transmit antenna and the 
receive antenna as described in [1, 2, 5]. For this specific STC implementation there were 128 
pilot bits for every 3200 data bits. The Reference link was chosen as the tracking signal as that 
removed another variable from the test.  
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Figure 5 – Aircraft System Bock Diagram 

 
The ground station utilized a 10 foot parabolic dish as the receiving aperture located at Building 
4795 (see Figure 6) within the AFTC complex. Existing telemetry site receivers (L-3 RCB2000) 
were used as sources of automatic gain control (AGC) data for both telemetry signals. The 
receiver labeled “STC” was tuned to 1800.5MHz, the receiver labeled “Ref” was tuned to 
1770.5MHz. The combined intermediate frequency (IF) of the STC link was directly recorded 
with a wideband recorder. The Quasonix receivers for the Reference and STC links were 
connected to the right hand circularly polarized (RHCP) multicoupler for access to the RF signal 
from the antenna. It should be noted that the STC demodulator is resident within the Quasonix 
STC receiver. Each Quasonix receiver was then connected to two sets of bit error rate testers. 
The Fireberd BERTs were used to capture and calculate error statistics. The Reach BERTS were 
used to capture and record individual bit errors on a second by second basis for detailed post 
flight analysis.  
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Figure 6 – Ground Station Block Diagram 

 
FLIGHT TESTING DESCRIPTION 

 
Six test points were defined for flight testing the STC system. Two of the test points were circles 
at a 100 bank angle on both a clockwise (CW) and counterclockwise (CCW) direction (points 
M1/M2) and two were circles at a 500 bank angle in both CW and CCW directions (points 
M5/M6). These points are thought of as “antenna pattern” tests points as the profile mimics an 
antenna pattern test done on outdoor antenna ranges. The difference being the aircraft is not on a 
tilting platform rather flying at differing bank angles supplying different elevation angle views, 
i.e. “cuts” in azimuth. The altitude and location in space for the test point was chosen carefully to 
minimize multipath as is shown later in the paper will affect the results. The intent of these test 
points was to examine link performance through the composite radiation pattern anomalies 
formed by transmitting the same signal through top and bottom antennas.  
 
The last two test points were along the Cords Road flight corridor (points C2/D2). The C-12 
performed alternating 300 bank turns off centerline to form a series of “S-Turns” along the route. 
The intent of these test points was to compare the performance of the STC link when compared 
to the reference link as the ground station antenna encountered aircraft antenna pattern nulling 
created as the aircraft performed the S-Turns down the flight path. For this flight profile 
multipath would be a contributing factor to decreased Link Availability. The flight path for the 
entire mission from take-off to landing is plotted in Figure 7.  
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Figure 7 – Flight Track 

 
TEST RESULTS 

 
Signal to Noise Ratio and Bit Error Rate versus Time 
 
Time correlated antenna system data was captured from the antenna control unit (ACU) which 
included antenna pointing angles (for antenna tracking determination) and automatic gain control 
(AGC) levels of the existing site receivers tuned to the reference and STC link frequencies.  Prior 
to the flight testing, the receiver’s AGC was zeroed using the same signal source allowing 
estimates of signal-to-noise ratio (SNR). Figures 8 through 11 show plots of SNR versus time 
which can be used for both relative and absolute SNR comparisons. These SNR levels are 
typically an excellent metric for channel conditions including effects of antenna pattern nulling 
and multipath. Combined with the SNR versus time plot is the instantaneous bit error rate (BER) 
in one second intervals throughout the test point. This illustrates the effect the channel event had 
on each telemetry link. It is thought if the space-time code does mitigate antenna pattern nulls 
any “long-term” signal variation in the reference link that is mitigated by the space-time code in 
terms of BER will be caused by antenna pattern nulling. Any rapid signal variations in the 
reference and STC SNR will be due to multipath.   
 
Due to the shallow bank angle of 100 for test points M2/M1 the duration of each point was 
roughly 6-7 minutes roughly equating to a radial rate of less than a degree/second. This leads to 
the ground antenna spending a significant amount of time “looking” at both the peaks and nulls 
of the composite antenna pattern. Figures 8 and 9 illustrate this as the nulls in the antenna pattern 
are very evident. Also evident is the mitigation provided by the space-time code when the SNR 
plots are compared to each other, the STC SNR does not exhibit the large “long-term” variations 
as the reference system. As a final comparison, antenna nulls that caused bit errors in the 
reference system where not present in the STC system. This should be evident when Link 
Availability is calculated for these test points in the following section. There are two instances in 
both points (Point M2: 08:10:35-08:11:00 and Point M1: 08:23:26-08:24:00) where the STC link 
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experienced errors and pattern synchronization loss. A further investigation did not reveal the 
underlying mechanism that caused these errors.  The next two “antenna pattern” points (M6/M5) 
were flown at a 500 bank angle resulting in roughly a radial rate of 6 degrees/second, much faster 
than points M2/M1. Because of this higher angular rate the individual composite pattern nulls are 
not as pronounced. Still it is easy to observe the mitigation STC provides. Also for this test point 
there are clear indications of multipath which are areas where the received signal strength of both 
links had amplitude variations that tracked each other. As with points M2/M1 the number of bit 
error events was far less with the STC link.   
 

 
Figure 8 – Receiver AGC/BER vs. Time Point M2, 10K MSL, 160knots, RH turn, 100 Bank 

 

 
Figure 9 – Receiver AGC/BER vs. Time Point M1, 10K MSL, 160knots, LH turn, 100 Bank 

 

 
Figure 10 – Receiver AGC/BER vs. Time Point M6, 10K MSL, 160knots, RH turn, 500 Bank 
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Figure 11 – Receiver AGC/BER vs. Time Point M5, 10K MSL, 160knots, LH turn, 500 Bank 

 
Points C2/D2 combined two flight scenarios designed to further stress the STC system. The 
aircraft bank angle was varied to provide cuts through the composite antenna pattern but this 
time the aircraft flew through a more severe multipath environment. The different look angle 
between ground station antenna and the aircraft was varied by flying “S-Turns” down a given 
flight path thus providing different cuts of the composite antenna pattern. The S-Turns were 
defined with a bank angle rate with a maximum limit set to 300 of bank angle. The multipath 
aspect is added by flying at a lower altitude in/around flat and mountainous terrain subjecting the 
ground station antenna to both short and long delay multipath. Figures 12 and 13 show received 
SNR and BER versus time for both links with a flight track added to correlate the data with 
aircraft position relative to the receiving station. Test point C2 is a west to east flight path with 
the aircraft flying away from the ground station. Test point D2 is the opposite with the flight path 
towards the receiving antenna.  
 
Looking at the plots for both C2 and D2 it is evident these points do indeed have variations due 
to aircraft antenna pattern gain variation and multipath. Further investigation reveals that SNR 
viewed in conjunction with the error events makes it very easy to detect the source of the signal 
corruption. For example, if the SNR plot for the reference system has large signal variations 
coupled with many error events that is corruption due to the aircraft antenna pattern. (Example – 
Point C2 @ 08:44:03, Point D2 @ 09:04:42). For this type of signal corruption the STC system 
provides mitigation. On the contrary, SNR fluctuations and random error events affecting both 
TM links can be attributed to multipath. (Example – Point C2 @ 08:48:05, Point D2 @ 
08:56:03). The STC system does not provide mitigation for this type of signal corruption.    
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Figure 12 – Receiver AGC/BER vs. Time Point C2, 5K MSL, 160knots, S-Turns 

 

 
Figure 13 – Receiver AGC/BER vs. Time Point D2, 5K MSL, 160knots, S-Turns 
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Link Availability 
 
The accepted system-level performance metric for telemetry links is Link Availability (LA) [4]. 
As indicated in Figures 8 through 13, this communication channel exhibits long error free 
intervals interrupted by signal fades caused by several mechanisms (in this case aircraft antenna 
pattern gain variations and multipath) lasting as long as seconds. This causes large error tallies 
with potential demodulator resynchronization during these events. Based upon the error statistics 
captured, LA for each test point was calculated per the following equation:   

LA (%) = �
(𝑇𝑇𝑜𝑡𝑎𝑙 − 𝐸𝑆)

𝑇𝑇𝑜𝑡𝑎𝑙
� ∗ (100%) 

                     
TTotal – Total length of the test point or interval of interest 
ES – Errored Seconds, summation of SES and LT 

• Severely Errored Second (SES) - 1 second interval where bit error rate > 1x10-5  
• Lost Time (LT) - 1 second interval where demodulator was not in synchronization 

 

          

Figure 14 – Link Availability Results 
 
For the test points that were limited by only the composite aircraft antenna pattern (points 
M1/M2/M3/M4) LA was far greater for the STC link. These LA numbers correlate well with 
what was observed comparing the SNR plots between links. Table 2 also reveals some 
interesting results. For these same points the reference LA was dominated by SES and not LT 
meaning the antenna pattern nulls caused excessive bit errors but not demodulator 
synchronization loss. The STC link mitigated the SES events and had about an equal number of 
demodulator synchronization losses so overall LA was greater for the STC link. 
 
For the test points that included multipath (points C2/D2) LA was very similar between the links. 
This can be explained by noticing that while the antenna pattern nulls were mitigated by the 
space-time code, multipath events were not. Referring to Figures 15, 16 and Table 2, the 
uncoded link for both points did not suffer any demodulator resynchronization events while the 
STC link had 32 tallies for point C2 and 37 tallies for point D2 attributed to signal corruption due 
to multipath. These additional resynchronization events biased the LA approximately equal to 
the uncoded reference link, without these LT events LA would be 94.9% and 94% respectively.  

  Link Availability 
Test Point Reference STC 

M2 85.8% 95.0% 
M1 76.6% 93.7% 
M6 70.0% 92.9% 
M5 42.3% 77.5% 
C2 88.9% 89.4% 
D2 92.9% 88.8% 
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Figure 15 – Demodulator Resynchronization Events (LT), Point C2 

 

      
Figure 16 – Demodulator Resynchronization Events (LT), Point D2 

 

 
Reference STC 

Test Point SES LT SES LT 
M2 47 4 12 6 
M1 87 6 14 11 
M6 21 0 4 1 
M5 30 11 10 6 
C2 64 0 29 32 
D2 50 0 42 37 

Table 2 – Error Tallies 
 

CONCLUSIONS 
 

• Lab testing of the production STC hardware characterized spectral occupancy of the over-
the-air waveform, detection performance, and resynchronization performance and compared 
those results with an uncoded SOQPSK transmitter/receiver system.  

• Production STC hardware was shown to have measureable gains in Link Availability when 
compared to traditional telemetry links operating with top and bottom transmit antennas 
under certain flight scenarios.  

• SNR plots coupled with bit error events for the test points limited by antenna pattern 
anomalies (M1/M2/M5/M6) clearly show how STC mitigates variations in the composite 
gain pattern of the aircraft transmit antennas. 

• For the test points where the TM links were corrupted by both antenna pattern anomalies and 
multipath (C2/D2), gains in LA for the STC link were limited by the number of multipath 
events.  
 

 STC  mitigates aircraft antenna gain pattern variations caused by the “two antenna 
problem” but STC does not mitigate multipath in the transmission channel 
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