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APPENDIX E

Areas of Further Work on the Comparative Analysis of ADS-B Data Links

Ground infrastructure assumptions. 1090 MHz Extended Squitter was evaluated with a 6-sector antenna
(which also implies a six-channel receiver) whereas VDL/4 was evaluated with a single omnidirectional
antenna. A sectorized antenna was advocated by the US-based group of VDL/4 experts but was not
considered by the European experts in TLAT until too late in the process for evaluation. The ground system
assumptions should have been harmonized across all the link candidates in order to ensure a fair and equitable
comparison.  This was not done. 

Airport surface domain. This domain was not addressed, but is a key element of anticipated ADS-B benefit.
VDL Mode 4 can be commanded to a 1 Hz update rate with no dither, whereas UAT employs a large dither
and may encounter RF propagation anomalies due to its L-band frequency. These can be mitigated in the air-
to-ground mode with additional antennas; however, performance in a mobile-to-mobile situation is unknown.

Simultaneous approach. The TLAT group evaluated this application by analysis. They concluded that the
UAT can support the requirements and that VDL Mode 4 can support an update rate of once per 3 seconds
with high confidence. This appears to be optimistic for UAT and pessimistic for VDL Mode 4. The MASPS
indicate a requirement of once per 1.5 seconds with 1 second desired (95%) for closely-spaced runways. UAT
cannot support the 1 second desired because of its large dither, and is marginal at the 1.5 second level (i.e.,
uniform dither over 0.8 seconds implies only 93% likelihood of a transmission update within 1.5 seconds.
Any loss of signal due to any other cause (RFI, shadowing, multipath, etc) would reduce the confidence level
to below 93%). Conversely, VDL Mode 4 can be commanded to a 1 Hz rate with no dither and no slot sharing
within a large airspace region. Hence VDL Mode 4 easily satisfies these requirements. 
Improper handling of antenna diversity and receiver diversity.  The TLAT hosted a lengthy discussion on
antenna diversity.  All the data link systems assume two antennas per aircraft for A2/A3 users.  The modeling
of these antennas represents a key area of the analysis.  Consistent with the importance of this area, the TLAT
developed a fairly detailed body of work on antenna gain pattern variations.  This allowed the fairly realistic
simulation of signal strength and signal-to-interference ratio at each of two receiving antennas on a simulated
user aircraft. At the outset, the TLAT made a technical error by selecting the most robust signal (i.e., from
the two antennas) and assessing receive performance based on this single system.  In a true diversity scheme,
both signals should have been assessed for error-free reception and a successful reception event declared if
either signal yielded an error-free message.   By using a pre-selection technique, the TLAT eliminated the
value of diversity reception. Other errors appear to have been made in this area as well.  For the UAT, the
signal-to-interference ratio at each of the two receiving antennas was used as the selection parameter and the
best SIR ratio was used to determine message error rate. For Mode S and VDL/4, the TLAT report indicates
that only the signal level was evaluated at the two antennas.  The stronger signal was used to determine
message error rate even if it had a less desirable SIR (e.g., due to larger signal power fluctuation on the part
of the interferer).  Clearly all systems should have been evaluated on the basis of the antenna exhibiting the
best SIR.  Finally, in its evaluation of the VDL/4 honeycomb, JHU/APL applied a simplified antenna model
that gave a single +3 dBi gain in all directions. The effect is that all antenna diversity is eliminated (i.e., since
both antennas exhibit exactly the same performance).  In a real situation, two antennas with the same nominal
performance would still offer better performance than a single antenna since each receiver has an independent
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1 For example, if each antenna-and-receiver pair has a 90% chance of receiving a message successfully under
certain conditions, than two such equipment strings working together would have a 99% chance of receiving
the message successfully (flight testing in Europe demonstrated that the two systems are essentially
uncorrelated from a statistical point of view, with a correlation coefficient of about 0.1). 
2 For example, even the flawed analysis of the honeycomb channel management strategy, which can only be
used as a lower bound due to its numerous analytic errors, demonstrated 100% probability of message receipt
out to a range of 20 nmi assuming an aggregate update rate of once per 3.75 seconds. So a lower update rate
(once per 5 seconds instead of once per 3.75 seconds) at shorter range (10 nmi instead of 20) is clearly
achievable.
3 Some users could operate with ADS-B alone or TIS-B alone, allowing a cost savings for these users.

opportunity to receive the message error-free.1  But this form of diversity was eliminated as well, since as
noted above only the output of a single antenna was evaluated. The omnidirectional antenna pattern would
only be useful at very long range in a garble-free environment – clearly not the scenario evaluated by TLAT.

Aid to Visual Acquisition. The new requirement is a 95% confidence of update within 5 seconds out to 10
nmi. This is easily satisfied by VDL Mode 4 using either the US honeycomb or European
autonomous channel management strategy.2 The TLAT results should be adjusted or interpreted
according to the latest requirements, before bringing them into ICAO.

Airborne Separation Assurance and Collision Avoidance. The new MASPS specifies, tentatively, that high
update rates are only required under certain geometrical and dynamical (i.e., high closing rate)
conditions. This approach is currently being introduced to VDL Mode 4 by AMCP/WG-M.

TIS-B assessment.  TIS-B was not quantitatively addressed since TLAT adopted the premise that TIS-B was
a gap-filler, and so would not add to channel load in the end-state with all users equipped for ADS-B.
This assumption is already being questioned as various groups recognize the integrity and reliability
benefits of an integrated ADS-B/TIS-B scheme.  If TIS-B is ultimately employed as a core element
of the future CNS/ATM infrastructure, the UAT would multiplex TIS-B uplink information onto the
same frequency as the ADS-B and FIS-B traffic.  This would potentially overload the dedicated
uplink capacity within the UAT frame and cause performance problems for ADS-B.  VDL/4 would
adopt a different scheme, putting TIS-B on a dedicated channel (at least in high traffic areas where
ADS-B channels are heavily loaded) and relying on an extra receiver card for those users who need
the additional integrity and/or availability offered by the TIS-B service.3  The TLAT design
assumption for TIS-B eliminated a key capacity driver for UAT, potentially leading to an overly
optimistic conclusion if TIS-B is ultimately required (even if not used by all users). 

Additional analyses performed by TLAT participants

Additional work was undertaken by Johns Hopkins University Applied Physics Laboratory with the objective
to reassess and possibly revalidate and/or correct some of the potential concern in the TLAT report,
specifically with regard to the analysis of VDL Mode 4. However, this work appears to have involved some
errors as well. For example, 

The results at short range are internally inconsistent. The curves of average message success rate, indicate
100% success out to a range of 20 nmi (for all three aircraft that were analyzed). Therefore, it is unclear how
JHU/APL could conclude that performance at these short ranges is worse than the nominal rate. 

The translation method from single-channel results to the “dual channel bound” was flawed. The
translation method assumed that the dual-channel results for update rate would be exactly half of the single-
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channel results. However, this assumes that the same relationship of slot assignments, among the various
users, are made on both frequencies – an assumption which is clearly incorrect.  Quoting from ADSI’s
description of the honeycomb delivered to JHU/APL last year:  

For GSC2 and LSC, the summary data appear to confirm the basic performance of the system.
Further analysis by JHU/APL is needed to determine delivery probability vs. distance for:

a) the class of all users (the average for one channel given the strawman algorithm);

b) the class of users with at least one slot shared at a range greater than 200 nmi; and

c) the class of users with both slots shared at a range less than 200 nmi,

An estimate of overall system performance can be generated by considering classes b) and c),
assuming that most or all users in class c) can be switched to class b) on the other channel.
(emphasis added)

The ground-based software making the slot assignments can predict when a sharing problem might occur for
a particular user on a particular frequency.  It is relatively easy to guarantee that these users receive
“preferred” slot assignments on the other frequency. This was assumed in our honeycomb concept and
specifically documented in the original data delivery to the TLAT. All the results at ranges greater than 20
nmi should have taken this into account. Unfortunately, this was not done. The bounding technique adopted
by JHU/APL was contra-indicated and clearly incorrect given the proposed system. 


