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How it all began

skeyes’ surveillance sensors:

« 1x12s Combined PSR/Mode S radar
 Ix12s Mode S radar

« 3x 4s Combined PSR/ModeS radars

* 1Ix 4s Combined PSR/MSSRradar
 IXx4s MSSRradar

* 33X A-SMGCSsystems (incl MLAT, SMR)

Trigger = EUROCONTROL's observations (- EMIT):
 Highrates of long Mode S replies for specific aircraft, mainly (but not exclusively) around Brussels
« Overall rate of long Mode S repliesabove min specs (ref. SPI-IR & ICAO Annex 10 vol. V)

Internal measurement campaign:
 Analysesof all Mode S sensorsvia SASS-C
* Internalradarrecordingsincluding uplink & downlink at radar data processing level
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Investigation conclusions (1/2)

High rate (peaks) of long Mode S replies on some targets were caused by radar detection
issues at low level coverage/ cone of silence / end of range:

 Radarre-interrogates without limits when targetis in-beam
« XPDRreplieseachtime
« Radaris notreceiving the answer,and attemptsagain
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Investigation conclusions (2/2)

Total long Mode S replies above min specs:

« MIP*& BDS* extraction setup done ata momentwhere 1090 MHz load was not identified as
an issue

« All common BDS registers extracted each scan for each radar

« Above Belgium, high number of Mode S radarsalso contributing to a high 1090 MHz
occupancy

*MIP: Mode S Interlaced Pattern

*BDS: Comm-B Data Selector s keﬂ'g‘es 8
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Modus operandi

Internal projectteam

Projectscope:
1. Reducing the excessive EHS re-interrogationson 2x Mode S radars
2. Optimising EHS extraction on 5x Mode S radars

Challenges:
* Internallyraising awarenessand prioritizing effort (“where is the problem ?”)

« “Whenyou can measure what you are speaking about, and express it in numbers, you know
something aboutit” — Lord Kelvin

« Safety & change process
« Coordination between different experts within the Surveillance chain
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Project phases

1. Literature study
2. BDS usage - user needs
3. Teststrategy covering the whole surveillance chain (fromradarto CWP)
4. Define and test revised BDS extraction schedules, validate/decide
* Radarmanufacturer contracted towork out together with skeyes a solution within the current radar software
* Severaliterations were neededtoeventually cometoa compromise.
* Eachiteration waschecked via simulationsand on traffic of opportunity during validation tests
* Essentialto measure (and confirm the simulated improvement) while maintaining compliancy on Pd, AC and
range/azimuth errors.
5. Implement/validate via a progressive implementation on several radars

Radar #3

: 1 1 Radar #1
6. Validatefinal solution d \ —_—
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Technical solution

 Reducingthetotal roll-call time inside the scheduling
« Reducingthe PRF*

New BDS extraction rate:

New:
BDS40 4s (every scan) 8s (second scan)
BDS50 4s (every scan) 16s (fourth scan)
BDS60 4s (every scan) 12s (third scan)

* PRF: Pulse Repetition Frequency
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Evaluation & validation (1/2)

SASS-C compliancy check

Sensor level uplink & downlink validation to confirm radar behaviour

S address Int .Y

Count of Int nr Interrogations for S-Addres = 448466
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Scan number

Scan nr .Y

w22
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m20

RR20 =BDS40
RR21 =BDS50
RR22 = BDS60
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Coverage 1500ft — 60FL
BDS DAP Time Nominal No APP Radar | No ACC Radar | No Naticnal National Radar
[sec] (BR-CI-OSCS) (BT-SHCS) Radar only
RecTST_210525_07 RecTST 21052511 RecTST_210528_10 RecTST 21052513 RecTST_210528_12
47846 updates 26462 updates 109816 updates 33016 updates 157528 updates
Barometric Average | 275 3.25 275 3.50 3.00
pressure setting | Min 0.75 0.75 0.75 0.75 0.75
Max 22.25 2175 22.50 2325 2375
Std dev 2.25 2.39 2.52 234 320
Selected altitude | Average | 275 3.00 275 325 425
T 7 755 750 T
. . ax . . . . .
« DAP*age evaluation (focuson CFL**in CTR) Stddev 016 255 53 256 7
Final state Average 2.75 3.50 2.75 3.50 3.00
M M selected altitude | Min 0.75 0.75 0.75 0.75 0.75
« DSAM**alert monitoring Mo 2525
. . Std dev 2.30 2.75 1.90 2.42 2.85
° True airspeed Average | 3.00 4.50 3.25 525 3.00
ATC validation e
Max 23.00 22.50 23.00 2325 2375
Std dev 3.21 4.00 3.85 537 2.80
Roll angle Average | 325 475 325 5.50 3.00
Min 0.75 0.75 0.75 0.75 0.75
Max 23.00 22.50 23.00 23.00 2375
Std dev 312 4.39 3.84 544 3.03
Track angle rate | Average | 3.00 4.50 3.00 5.75 3.00
Min 0.75 0.75 0.75 0.75 0.75
5.0 Max 23.00 2250 23.00 22.00 23.00
Std dev 325 426 3.46 5.67 325
Track angle Average | 3.00 4.50 325 5.50 325
Min 0.75 0.75 0.75 0.75 0.75
Max 23.75 24.00 23.00 23.00 23.75
Std dev 3.32 4.28 3.94 526 3.25
Ground speed Average | 3.00 4.50 3.50 5.25 2.50
Min 0.75 0.75 0.75 0.75 0.50
Max 23.75 24.00 23.00 23.00 2550
Std dev 329 4.28 3.91 514 242
Indicated Average 275 3.25 2.50 3.50 3.00
airspeed data Min 075 0.75 075 0.75 0.75
Max 24.00 21.50 22.00 2325 23.75
Std dev 1.90 2.33 2.03 223 2.81
Mach number Average 2.50 3.25 2775 3.50 3.00
data Min 0.75 0.75 0.75 0.75 0.75
Max 24.00 21.50 22.00 23.00 23.75
6,0 Std dev 2.25 2.30 1.71 222 2.86
Magnetic Average | 275 350 250 2.50 3.00
heading Min 075 0.75 075 0.75 0.75
Max 24.00 21.50 22.00 2275 23.75
Std dev 2.06 2.50 2.03 1.82 3.02
Barometric Average | 2775 3.25 2.50 3.50 3.00
vertical rate Min 0.75 0.75 0.75 0.75 0.75
* DAP: Downlinked Aircraft Parameter Ll 24.00 2150 2200 252 2575
Std dev 1.90 2.33 2.03 223 281
** CFL: Cleared Flight Level 14

*#* DSAM: Downlinked Selected Altitude Monitoring
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Measured improvement
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Long Mode S replies - Peaks
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BDS swap reduction

— Nb_swap BDS_BxL
= Nb_swap_BDS_Flo

Mb_swap BDS_Ost
= Nb_swap_BDS_Ber
= Nb_swap BDS_Sth
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Evaluation time: 01/01/2022 - 30/04/2022
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Thank You
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