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Background

characteristics of the signal in space” is the
basis for all analysis and conclusions



e FCS aircraft “D-CFMD” was used for
measurements during ferry and mission flights

e ~100 flight hours with equipment so far

e 3 flight hours with Cessna 172 “D-EMWEF” of

TU-BS

Beech KingAir B300
“D-CFMD”




e Signal-in-space can be measured unaltered
only with spectrum-analyzer-like equipment
having no bandwidth limits

 Any RF and baseband filters to be used in
Receivers affect the signal parameters



Measurement equipment (2)

e 3dB overall bandwidth at ADC: 10MHz

e y(t) has 14 bits and 105MSps/s at IF 70MHz

e Tolerant Mode S preamble correlator starts recording on hard disk
e 8kB raw IF data is obtained per telegram

e 400GB of raw data collected so far

e Up to 1.5% of time the correlator is suppressed by L band activity



Measurement equipment (3)

D(t) = atan2( y-(1), yx(t))

n-tap FIR filters




MOSTDONT measurement system (FCS
internal name: SISMOS/SSR) is not a spectrum
analyzer but a measurement receiver!
Bandwidth is reduced when signal runs
through various sections and filters

Only a true Spec. Analyzer gives access to SIS
measurements due to “infinite” bandwidth
Constraints of measurement receiver must be
considered

Problems may occur within transponders which
inherently have real receivers



When applying a phase reversal from 10° to 170° during the
longest ICAO-compliant value 80ns, we have a momentary
frequency deviation:
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4.16 Code Allocation Status for Germany

MODE 8 Interrogator Code Allocations as of 06 May 2010 (Cycle 10)

Mods 3 3tatlon ALLOCATED CORE COFERATOR REMARKEEREFERENCE
Il |5I| Effective Date
[GERMANY
Jhuersberg |
Maorth Cluster main 03 02/07/2008]0F5 MICAJALLOCI58
Jiuersberg |
EUR R EG |DNAL AlR NAV'GAT'DN PLAN Plorth Cluster fallback 1] 02/07/20080FS MICAALLOCIAS
Ceister 04 02/0E2007 |OFS |MIC-.F-.-.-5.__C C271
[ eister
FACILITIES AND SERVICES IMPLEMENTATION DOCUMENT plorth Cluster main i 02072002 |DFS |MICJ~-.~‘-.__C Casg
IrFﬂﬁlD} Deister _ - I | o
. Plorh Clusier fallback i 02/07/200810FS MICATALLOCI85
Cusseldor Shd |
[South Cluster man 0207 2008]DFS MICAALLOCIE2
s saldnrf Sid |
Elichel [j] GAF | e
Erockeetsl BZ man 13 MV2007 | GAF |WCABLLOCIZE, Clusier
PART IV Erockeetsl B2 fallback 13] ad hoc 0141 GAF [MICAALLOCA3E, Cluster
[eGerm DD man 13 ad hoc 0141 GAF W CARLLOCI2E, Clusier
[iibern DO falback 13] ad hoc 0141 T|GAF Irs CARLLOC33S, Cluster
[iibraberg DB main 13 ad hoc 0141 GAF |niCaALLOC3A0, Cluster
[braberp DS fallback HIETENE 7[GAF M CAELLOC356, Cluster
CDMMU N ICATIDNS NAUI GATIDN Elmenharst EH main 13 ad hoc 011V2007 | GAF |niCaALLOCIA, Cluster
AND SURVEILLANCE (CNS) Eimenhars: EH falback 3] ad hoo 011102007 [GAF [MICATALLOCTST, Cluster
Erbeskonf EK, main 13 ad hoc 01102007 | GAF |MiCAALLOCIAZ, Cluster
Erbeskoo EE, falback ad hoc 011102007 | GAF W CABLLOCISE, Clusier
iGrofier Arber GA man 13 ad hoc 0141 T|GAF |niCaALLOCA3S, Cluster
Korolier Arber GA fa back 13] ad hoc 0111072007 | GAF W CARLLOCI38, Clusier
Gredng 14 5002 BWH TRD-5tation, MICAALLOCOTT
SUFPLEMENT Erbach T EADS TRD-Station, MICAALLOC325
SSR MODE S INTERROGATOR CODE (IC) ALLOCATIONS ISH 14 EADS TRD-Stasion, MICAALLOCD
FOR THE EUR REGION | TS 14 ad hoo 221022007 | EADS TRO-Gtation. MICARLLOCIET
. _____________________________________
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27 tap LP FIR filter, 15MHz passpand,
20MHz stopband, 50dB Att.

UF04 160263.30s AP:3CCEG6F 11:13 LOS:1 Code:D-CFMD
Basebaﬁ 2500
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Filter effects on phase detection
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Filter effects on phase detection
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Filter effects on phase detection

7
time / us




Filter effects on phase detection
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Filter effects on phase detection
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Filter effects on phase detection
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Filter effects on phase detection (2)
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Filter effects on phase detection
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Filter effects on phase detection




Examples of Signals-in-Space (1)
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Examples of Signals-in-Space (1)
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Examples of Signals-in-Space (2)
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Argumentation chain

Attempts to comply with “no AM”

requirement leads to using I/Q modulator in
some interrogator types

The spectrum requirements are preserved,

but SPR duration is increased to 30ns or more
Simple RF switches performing 0°-180° steps are much
quicker!

Any kind of RF or IF or baseband LP filter
decreases amplitude during phase reversals
Lower amplitude means lower S/N when | and

Q start to change signed amplitude

The edges of phase curve get round

The true SPR point in time gets fuzzy

The start of the bit clock may be shifted artifically



Transponder Tester (1)




Transponder Tester (1)
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Transponder Tester (2)
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Transponder Tester (3)
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Transponder Tester (3)
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Interro gation UF04 with SLS




Interrogation UF04 with SLS




Typical ILS inspection flight pattern




Re-Interrogation UF04

100 150 200
GPS second of week + 129000s




Re-Interrogation UF04

GPS second of week + 129300s




Re-Interrogation UF04

80 100 120
GPS second of week + 129800s




Note: This is not Signal-in-Space, but Signal-in-Receiver SPR duration!

SPR duration distribution of UF11 all-call interrogations
Date: 2010-05-28 GPS tow: 475000s
Total number: 63544 Elapsed time: 11150s
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Note: This is not Signal-in-Space, but Signal-in-Receiver SPR duration!

SPR duration distribution of UF04/05 to A/C 'D-EMWF'
Date: 2010-05-28 GPS tow: 475000s
Total number: 25702 Elapsed time: 11150s

2500
c
je)
T 2000 B
-
@)
@)
c
<
= 1500 o
@)
©
B ! ! ! ! ! !
= | | | | | |
o 1000 H— — — S e S— ]
c 1 3 3 3 3 3
O
<
S 5 5 | 5 ST Code 28
= 500 ety SRS 8 Ve oo RS NS N S — 4 1l Code 00
& | | | f | Il Code 03
= Il Code 07
Il Code 11
: ; Il Code 14
0 - T - T SO P P 202000 o9 Il Code 15
0 50 100 150 200 250 300 350 400

SPR duration / ns (Phase 10°..170°)



Interrogations per duration

Note: This is not Signal-in-Space, but Signal-in-Receiver SPR duration!

SPR duration distribution of UF00 to A/C 'D-EMWF' and UF16
Date: 2010-05-28 GPS tow: 475000s

200 Numbers: UF00=14712 UF16=16731 Elapsed time: 11150s
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Multipath-rich Interrogation UF04




Multipath-rich Interrogation UF04
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Multipath-rich Interrogation UF04




Radars interrogating us in AMS TMA

Hode 5 Radar Lewel distribution ASC 8x3D2599
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Mean level of interrogations / dBm
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Level distribution of re-interrogations UF04/05 to A/C 'D-EMWF

Il code 07 Date: 2010-05-28
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Radar Re-Interrogation of identical UF04/05 telegrams
measured through Amsterdam flight

GPS second of week + 477500s
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Interrogation UF16
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Interrogation UF16
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e Statement “Too slow phase duration of signal-

in-space” of certain interrogator types is not
Feasible for the signal-in-space!

e But: There is a difference in phase durations

e Depending of type of DPSK demodulator
detection of interrogation may fail



Conclusions to be drawn so far (2)

acceped: this may be critical for non-diversity installations!

e ACAS interrogations mostly have short SPR durations, but
level continuity within telegram is sometimes weak

e Need for DFS/LVNL radar data to solve some issues within
runtime of MOSTDONT!



Conclusions to be drawn so far (3)

length, not only seek for momentary phase reversal 0°-180°



