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• This device allows for a repeatable Mode S message to be 
presented to the front-end of the AGHME element

 Allowed for accurate observations of 1090 MHz receiver response

 Time coherent between system clock and trigger from the GPS receiver

 Allowed analysis code to be developed

 Presents same consistent stimuli to all the AGHME elements

• Programmable Attenuator allowed dynamic response curves of 1090 
MHz receiver to be developed

Arbitrary Waveform Generator (ARB)



New 1090 MHz Receiver Built In-house

• Father of RVSM, Brian C. said and I quote: 
“An AGHME is an AGHME when all things are identical”

• The old receivers were in almost every aspect not identical

 No longer available (primary problem)
 Log receiver with 3 amplitude dependent bandpass filters
 Made determining the propagation delay of the receiver impossible 

to determine
 All aspects of pulse shape (rising edge, falling edge, pulse width, 

etc.) adjustable via tuning coils
 Receivers designed to decode Mode S and Mode A/C data packets
 They were not designed for timing message receipt time
 Lower bandwidth to reduce the noise figure of the receiver
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New 1090 MHz Receiver Built In-house

• New receiver built for message receipt time functionality

 Higher Bandwidth

• Much faster rising edge where measurement is made

 Most components and sub-systems factory produced

• Uniformity between units much higher

 No adjustability of pulse parameters (no tuning coils)

 Negative aspect of receiver is higher noise figure

• At low amplitudes, pulses fracture, making decoding more challenging
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• Salient features of code

 Analyze ½ Gigabyte of data within 2 to 4 seconds

 Reliably recognize preamble pulse set of Mode S message

 Reliably decode Mode S message packet 

Hardware half the challenge, 
DSP software is equally important
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Mode S Format
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Preamble  8 usecs
1 usec 
chips

.5 usec 
pulses

1 usec

3.5 usec
4.5 usec

1 0 0 0 0 0 0 0 01 1 1 1 1 1 1

BIT 1 BIT 2 BIT 3
BIT 
N-1BIT 4 BIT N*** ***

******

0 0 1 0 0 0 1

DATA  BLOCK
56 or 112 usecs

500 
Clocks

1750 Clocks
2250 Clocks

4000 Clocks



Present Technique

• Low Pass Filter determines energy is up for at least 64 usecs

• The front of the energy envelope is examined to see if the 1st four 
pulses have the appropriate time signature

• If true, a receipt time is obtained by traveling down 27 digitizer 
counts on the leading edge of first preamble pulse
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Present Technique

• Weaknesses in present algorithm

 Pulses are orphans from birth

• Analysis has shown that any pulse can be as much as 40 to 50 system 
clocks off

• Determination of Pulse amplitude is weak

• This receipt time is used to register the chip start times

• Each chip is examined to determine if the pulse energy is in the 1st or 2nd 
part of the chip

 If the chip start times are skewed, this analysis technique is compromised

 Also, at low amplitudes the pulse tops become irregular shapes
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New Paradigm

• Data is treated as a stream of pulses

 Each pulse is analyzed for specific salient features

 Timing relationships are determined for pulselets

• If the time relationship of four pulses define a Mode S preamble, the next 56 
or 112 bits are handled as a Mode S data packet

• Analysis has shown that the average of the receipt times of the 40 or 
so pulses that comprise a Mode S signature form a normal 
distribution around the actual message time

 Decoding is more reliable because decisions are based on the most 
stable part of the pulse, the leading edge

 More pulse slop is tolerated because the closest two rising edges can 
be is 500 system clocks
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New Paradigm

• Rule sets exist that help aide in the decoding process

 Pulses have to be either 250 or 500 system clocks

 ½ usec pulse is a one or a zero

• Multiples of 500 must be a 1 bit

• Multiples of 250 have to be a 0 bit

 1 usec pulse must be a 0 1 combination

• All of these decisions are based on a much coarser ruler, thus 
allowing for more variance in pulse position
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New Paradigm

• Other advantages of new philosophy

 Present decoding is about 50% rate

• My prediction is it will go to about 80% with new technique

 Coarser ruler

 Judging is done on most stable part of the pulse

 Treated as a pulse stream, Mode A & Mode C can be accommodated 
for decoding

 Receipt time accuracy should be much better and more consistent

• More 5 tuplets will be generated?
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9 db
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12 db
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14 db





11/13/2017 AGHME Prototype 23

15 db
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Real Data – Full Amplitude



Real Data - Full Amplitude
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Real Data – Long Squitter



Real Data – Long Squitter
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Real Data – Low Amplitude



Real Data  - Low Amplitude
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