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SUMMARY 
 
At Meeting #12 in July, we were assigned an Action Item (#12-01) to redraft material for 
Appendix I to define enhanced preamble detection.  The new material should focus on a 
single technique, which should be the technique developed and tested at the FAA Tech 
Center.  Also, given that some of the existing material is repetitious, the new material should 
be better organized, and avoid being repetitious.  The revised draft is provided in this 
working paper. 
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 At Meeting #12 in July, we were assigned an Action Item (#12-01) to redraft material 
for Appendix I to define enhanced preamble detection.  The new material should focus on a 
single technique, which should be the technique developed and tested at the FAA Tech 
Center.  Also, given that some of the existing material is repetitious, the new material should 
be better organized, and avoid being repetitious.  The revised draft is provided in this 
working paper. 
 
 Revised Outline.  We have simplified the outline to eliminate redundant material.  
The overall outline of Appendix I seems quite reasonable.  The enhanced techniques are 
described in part 4, which is divided into three subparts, 
 
  4.1  Preamble 
  4.2  Bits and confidence 
  4.3  Error detection and correction, 
 
However, within §4.1, the current outline seems excessively complex.  We are proposing a 
simpler structure, having just one level of subheadings.  The revised outline is as follows. 
 
1.  Purpose and Scope 
2.  Background 
3.  Current Squitter Reception Techniques 
4.  Enhanced Squitter Reception Techniques 
 4.1  Enhanced Preamble Detection 
  4.1.1  Log Video Samples 
  4.1.2  Threshold 
  4.1.3  Valid Pulse Position 
  4.1.4  Leading Edge 
  4.1.5  Initial Detection of a 4-Pulse Preamble 
  4.1.6  Arrival Time 
  4.1.7  Reference Level Generation 
  4.1.8  Overlapping Signals and Retriggering 
   1-Microsecond Test 
   3.5 Microsecond Test 
   4.5 Microsecond Test 
  4.1.9  Consistent Power Test 
  4.1.910  DF Validation 
  4.1.11  Retriggering 
  4.1.12  Preamble Detection Summary 
 4.2  Enhanced Bit and Confidence Declaration 
 4.3  Enhanced Error Detection and Correction Techniques 
5.  Improved Reception Performance in a High Fruit Environment 
6.  Summary 
 



1090-WP-13-13  Page 3 of 7 

 Temporary Notes.  In the following draft, we have two temporary notes.  We did this 
because we were not sure how to treat two small differences between the Lincoln design and 
the Tech Center design.  So we are calling attention to these issues for discussion at Meeting 
#13.  The Lincoln design includes two relatively minor steps that are not currently included in 
the Tech Center design.  If we were to follow the original plan, and just document the Tech 
Center design, we would simply delete these two small sections.  But we think this would be 
an appropriate discussion topic at Meeting #13, so they are retained in this draft. 
 
 New draft.  The following material is intended to replace all of the §4.1 material. 
 

============================ 
 
4.1  Enhanced Preamble Detection 
 
Preamble detection identifies the beginning of an Extended Squitter reception.  The process 
has two outputs: (1) the start time of the signal and (2) the received power level of this signal.  
This process includes validation that uses the receptions during the first 5 bits in the data 
block and several other validation tests.  Following is a description of a particular enhanced 
preamble detection technique that has been used successfully in achieving the performance 
required in this MOPS.  
 
4.1.1  Log Video Samples 
 
The preamble detection process described here operates on data in the form of samples of the 
log video received waveform.  Specifically, the sample rate is 10 samples per microsecond, 
although other sample rates, including 8 samples per microsecond, have been found to be 
effective. 
 
4.1.2  Threshold 
 
The preamble detection process includes a threshold power level used to discard very weak 
receptions.  Typical value = -88 dBm (referred to the antenna) for an A3 receiver.  The 
Minimum Triggering Level (MTL), which is the point of 90 percent receptions in the absence 
of interference, is typically about 4 dB higher than the threshold. 
 
4.1.3  Valid Pulse Position 
 
A sample that is above threshold and also is followed consecutively by N or more samples 
above threshold is defined to be a "Valid Pulse Position."  If the sample rate is 10 per 
microsecond, N = 3.  This definition has the effect of defining a pulse as an event in which at 
least 4 consecutive samples are above threshold. For other sample rates, N is adjusted so that 
a pulse is declared when the signal is above threshold for more than 0.3 microseconds. 
 
4.1.4  Leading Edge 
 
A Leading Edge is declared for a particular sample if it is a Valid Pulse Position and also has 
substantial slope in the interval before this sample and less than substantial slope in the next 
interval.  Substantial slope is defined by the power change between one sample and the next.  
The slope threshold is 48 dB per microsecond (applicable to receiver bandwidth of 
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approximately 8 MHz).  Therefore if the sample rate is 10 samples per microsecond, the 
threshold is 4.8 dB.  
 
4.1.5  Initial Detection of a 4-Pulse Preamble 
 
The preamble detection process begins when four pulses have been detected, having the 
spacing of the Mode S preamble.  The detection criterion is: 
 

• Finding four pulses having timing of 0 - 1.0 - 3.5 - 4.5 microsecond 
• Two or more of these must be Leading Edges. 
• The others can be Valid Pulse Positions 
• Sample tolerance can be plus or minus 1 (but not both) 

 
Note that the power levels in the four pulses need not agree.  Note also that trailing edges are 
not used. 
 
4.1.6  Arrival Time 
 
The signal arrival time is initially estimated to be the leading edge of the first of these four 
pulses.  Subsequently this is adjusted by +1 or -1 sample if two or more of the other three 
pulse have leading edges with that timing. 
 
4.1.7  Reference Level Generation 
 
A Reference Power Level is generated during preamble detection for use in re-triggering and 
during demodulation of the data block.  Step 1 is to identify a set of samples to use.  Among 
the four preamble pulses, those whose leading edges agree with the preamble timing are used; 
samples from the other pulses are not used.  Next, for each pulse used, select the M samples 
after the leading edge sample.  If the sample rate is 10 per microsecond, M = 3. For other 
sample rates, the value of M is equal to the value of N defined in I.4.1.3. 
 
Step 2 is an algorithm to generate the Reference Level from these samples.  For each sample, 
compute the number of other samples that are within 2 dB.  Then find the maximum of these 
counts.  If the maximum count is unique, then the sample used to form that count is taken to 
be the Reference Level. 
 
Otherwise, when there are two or more samples whose counts are maximum and equal, 
discard any samples whose counts are less than this maximum.  For the remaining samples, 
find the minimum power and then discard any samples that are more than 2 dB stronger than 
that minimum.  Compute the average of the remaining samples.  This is taken to be the 
Reference Level for the preamble. 
 
4.1.8  Overlapping Signals and Retriggering 
 
The preamble detection process is capable of processing multiple overlapped preambles, but 
the data block processing, which is more extensive, can only accept one signal at a time.  For 
this reason, a re-triggering function is included.  This function will reject certain preamble 
detections when a subsequent stronger signal is received.   
 
Temporary note: Technical Center version currently does not perform these three tests. 
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One step in the re-triggering process checks for overlap by later Mode S signals having 
certain specific timing offsets.  For example, if the subsequent signal is 1 microsecond later, 
then two of the preamble pulses in the later signal coincide with preamble pulses in the 
original signal, which can cause a problem if the later signal is stronger.  The potential 
problem is that the stronger pulses can cause the power estimate for the first signal to be too 
high, and therefore prevent re-triggering.  This type of problem can also occur if the timing 
difference is 3.5 or 4.5 microseconds.  Figure A illustrates the 1 microsecond overlap that 
motivates this test. 
 

0 1284

earlier preamble

later preamble

 
Figure A.  Overlap of a weak signal by a later and stronger signal. 

 
 
1-Microsecond Test.  To counter this potential problem, the next step after preamble 
detection is to check for excessive power in pulse positions 1.0, 2.0, 4.5, and 5.5 
microseconds after the start.  For each of these pulse positions, one sample is used to estimate 
the power of a pulse at that time.  Letting T = 0 denote the time one sample after the leading 
edge time of the first preamble pulse, then the four pulses are taken to be the samples at times 
T = 1.0, 2.0, 4.5, and 5.5 microseconds.  From these four power measurements, the minimum 
is used to compare against the maximum of the samples at T = 0 and 3.5 microseconds.  If 
this difference indicates that the preamble under consideration is -3 dB or weaker relative to 
the other four samples, then this preamble is rejected.  
 
3.5-microsecond test.  A similar test is performed to protect against overlap by a stronger 
signal 3.5 microseconds later.  The minimum power in samples at T = 3.5, 4.5, 7.0, and 8.0 is 
compared against the maximum of the samples at T = 0 and 1.0 microseconds.  If this 
difference indicates that the preamble under consideration is -3 dB or weaker relative to the 
other four samples, then this preamble is rejected. 
 
4.5-microsecond test.  A similar test is performed to protect against overlap by a stronger 
signal 4.5 microseconds later.  The minimum power in samples at T = 4.5, 5.5, 8.0, and 9.0 
microseconds is compared against the maximum of the samples at T = 0, 1.0, and 3.5 
microseconds.  If this difference indicates that the preamble under consideration is -3 dB or 
weaker relative to the other four samples, then this preamble is rejected. 
 
4.1.9  Consistent Power Test 
 
Temporary note: Technical Center version currently does not perform this test. 



1090-WP-13-13  Page 6 of 7 

Another test is applied to validate the preamble.  This test asks whether at least two of the 
four preamble pulses agree in power level with the Reference Level to within +/-3 dB.  If not, 
this preamble is rejected. 
 
4.1.10  DF Validation 
 
An additional validation is made using the first five bits in the data block.  Each of the five 
bits is considered to consist of two chips, each of duration 0.5 microseconds.  Pulse detection 
is carried out for the 10 chips as follows.  For a particular chip, a pulse is detected if a Valid 
Pulse Position is found at the leading edge time for this chip or within +/-1 sample of the 
leading edge time. The preamble is then validated if, for each of these five bits, a pulse is 
detected either in the first chip or in the second chip or both and the peak amplitude of the 
pulse is equal to 6 dB below the preamble reference level or greater.  Otherwise the preamble 
is rejected. The peak amplitude is determined by using the highest amplitude sample of the M 
samples that comprise the pulse (where M = N + 1 for N as defined in I.4.1.2). 
 
4.1.11  Re-triggering 
 
After a preamble is detected, the preamble detection process continues to be applied 
searching for later preambles.  All of the steps described above are applied even when 
detected preambles are overlapped.  If a particular preamble detection has survived these 
tests, its reference level and the amplitude of each of the five data pulses during DF 
validation is now compared against any earlier signal currently being processed.  If the new 
signal is stronger by 3 dB, then the earlier signal is rejected, so that data block demodulation 
of the new signal can proceed.  Otherwise (if an earlier signal is being processed and the new 
signal is not stronger by 3 dB), the new signal is rejected, so that the earlier signal processing 
can continue. 
 
 
4.1.12  Preamble Detection Summary 
 
Figure B summarizes the preamble detection process. 
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Figure B.  Overview of Extended Squitter Preamble Detection. 
 
 
4.2  Enhanced Bit and Confidence Declaration 
 
4.3  Enhanced Error Detection and Correction Techniques 
 


