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Overview Zh B
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* Introduction & Project Summary
 Hardware

» Software

* Results and Challenges

* Outlook
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Project Summary & Goals Zhls e

aw

* Project Summary
— Direct mandate from skyguide

* Project Goals

— Mobile system for high-accuracy aircraft tracking
— Key features:

* Tracking accuracy: horizontal deviation about 6m
* Tracking method: multi-lateration (time difference of arrival)

— Supplement for GPS and radar-based approaches

Zh s, skyguide
@

a ZSN Centre for Signal Processing
and Communications
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The Principle of Multilateration Zhl
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TDOA

» Compute distance based on time difference of arrival (TDOA)
» Ciritical issue: receiver time stamps
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Summary MLAT System aZ& Ere

e Hardware
— System comprises 5 battery-powered mobile receivers
— Autonomous run-time >48h
— Time-stamp accuracy (1o): £21ns

o Software
— ADSB decoder implemented in Python (5 million messages per min)
— Multilateration with Matlab (parallel code)
— Visualization with Java
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MLAT Receiver Unit aZ& e

W
ADSB Antenne
<8
G54 | Run Garrecht Empfanger > ADC f—\
o:§ 3 A - RxSelect TRX-1090 AD9233 —
- ° Reffreq
o = ©
£8 ¢ AdsbOut l 9‘
&i = RF Synthesizer P . ) ‘P°W9f
~N 1090 MHz LMX2531 UsSB
= Prozessor |—» Cyclonelll Eval Board |e—»
T STM32 ] DK-START-3C25N
»
GPS Modul
USB SD Karte Ethernet ? > LEA-6T )
GPS Antenne
< GPS-P1IMAM
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MLAT Receiver Unit Output Example a2£ Engineering

Header #ADS-B Data
(ID, GPS #Autor: Recv101
coordinates > #Datum: 14.04.2014

#Zeit: 14:33:24
#ECEF X: 427639304
#ECEF Y: 65169961
#ECEF Z: 467201698 Messages

534BEFAC364444FAB20200059218AB1611 €
534BEF4C36470EDAC00002A1861E4B17A3
534BEF4C364A716DB7008D4B178C9900DD0SA00A05000000
. 534BEF4C364004F3B800A00008B000000000000000400E5C
Message Time 534BEF4C36605E01B801A00008B02015A675CC12E0400E5C
Stamp 534BEF4C3664E0ACBA40202E197173C6628

TT> | 534BEF4C366AF55AB20100001218AB1611
534BEF4C3676B85EB70002E194973C64C6
534BEF4C3684C997BA005D440C7B000016
534BEF4C36DJCCFBB1005D040030000025
534BEF4C36E08CAEBA008DA05F0CI94063BF080403000000
534BEF4C3720AC02B10E5D406250002159
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Receiver Time Stamp Accuracy AW

GPS Antenne

* Real aircraft messages T T
Empfanger ,

e Time stamp from GPS module )

ADS-B Antenne | MLAT-Board 102| GPS Antenne

Vergleich zweier Empfanger
Empfanger
2

MLAT-Board 103
* loaccuracy: +/-21ns
e 20 accuracy: +/-46 ns

Zeitabweichung in ns
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Yet Another MLAT Field Test a2$ Engineering

« Multiple field tests in February 2014

e Target area: Zurich airport

e Duration: 12 hours

* Each receiver records about 20 million messages

;\::
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Multilateration Example — Landing Airbus Zh schooi o

Engineering
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Challenge: Determining the System's Zh School of

Engineering

Accuracy

* ldea: compare ADSB position data from aircraft with MLAT position data

e Critical issues

— Aircraft feature a random time delay up to 1 second between
determination and transmission of position

— ADSB aircraft position can be very inaccurate

MLAT Positions

ADSB Positions

Impact of time delay

Inaccukate ADSB posmons — B767 (1990)
Horizontal deviation > 300m
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Calibration Flights with King Air A350 az& e

e FCS calibration flights

« Dates: February 25" and27th

e Duration: 3 hours, 23:00 — 2:00
 Aircraft: B300 King Air A350

« Navigation Equipment

— GPS with phase solution
— Laser tracker

e Position accuracy: 2m
« GPStime

13
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First Calibration Flight — Zurich Airport azw Engineering
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Multilateration Results Zh Eaomesring
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Multilateration Error Analysis y 4 | s

aw

A X:p=1.6m, 0 =4.9m, pxy =0.04 AS G =6.5m
0.14 T T T T T 0.16 I I
I measured I measured
0.12} = = = normal distribution || = = = expected from theory

0.1f

0.081

0.06

0.041

0.021

0
-30 -20 -10 0 10 20 30
lateral deviation [m]

AY:u=0.7m, o =4.5m, pxy =0.04

0.14 T T T T T
I measured
0.12} = = = normal distribution |
0.1r

0.08
0.06 |
0.041
0.02

0

-30 -20 -10 0 10 20 30 0 5 10 15 20 25 30

lateral deviation [m] lateral deviation [m]
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Second Calibration Flight — Zurich Airport azw Engineering

Covered area;
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Second Calibration Flight (I1) azw Engineering
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Multilateration Results (1) ZhE=C.
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Multilateration Results (II) ZhE=C.

aw

2'500 data points
Horizontal deviation(10):

s
gid

e
5 2weidlen -

Bachenbulach: ¢
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Multilateration Error Analysis y 4 | s

aw

AX:p=-0.0m, o =5.7m, p, =0.14 As G =8.0m
0.08 T T T 0.14 T T
I measured I measured
0.071 = = = normal distribution |1 = = = expected from theory

0.06

0.05¢

0.04

Horizontal Deviation: 8.0m

0.03f

0.1

0.02

0.01¢

0
-30 -20 -10 0 10 20 30 0.08
lateral deviation [m]

A Y:p=0.0m, o =5.6m, pxy =0.14

0.1 0.06

I measured

= = = pnormal distribution

0.08

0.04
0.06

0.041
0.02

0.021

-30 -20 -10 0 10 20 30 0 5 10 15 20 25 30
lateral deviation [m] lateral deviation [m]
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In-Depth Analysis of Lateral Deviation (1) azv'\‘l Engineering

AX: M =0, o, =5m Ay: uy =0, o, =5m
0.09 T T 0.09 - T
I Simulation I Simulation
0.081 - = =Theory |1 0.08r = = =Theory |[]
0.07 0.07
0.06 0.06
0.05 0.05
0.04+ 0.04
0.03 0.03
0.02 0.02
0.01 0.01
—015 -10 -5 0 5 10 15 —015 -10 -5 0 5 10 15
As: acouracy =7.84m * Ax and Ay: normal distribution
0.14 . .
‘ ‘ ‘ |« Total deviation As: no normal
0.12 =~ 0 . . .
distribution
0.1 N
L . * Here:py,=p,=0,0,=0,=5m
o6l e Accuracy: 7.8m
0.04 - : - » =
0.02 - : : » =
0O 2 4 6 8 10 12 14 1 l; 20

22

Zurcher Fachhochschule



In-Depth Analysis of Lateral Deviation (11) a2$
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A X: M =3, o, =5m Ay: py =0, o, =5m

0.09 T 0.09 T T
I Simulation I Simulation

0.081 - = =Theory ] 0.08 = = =Theory ]
0.07 0.07
0.06 0.06
0.05 0.05
0.04 0.04
0.03 0.03
0.02 0.02
0.01 0.01

0

-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15

A's: accuracy =8.64m
0.12 T T T T I
- = I simulation
»* - - -
01k Theory
~
" « Here:py,=3m, u,=0, o, =0,=5m
"X 1 Py 1 X Yy
0.06 - .
N * Accuracy: 8.6m
/

0.04 -
0.02— . —

: | _

0 4 6 8 10 12 14 16 18 20
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In-Depth Analysis of Lateral Deviation (l1) a2$ Engineering

AX: My :7,0X =5m Ay: uy:O, o, =5m
0.09 T T T 0.09 T T T

I Simulation

0.081 = = =Theory |

I Simulation
= = =Theory i
N

0.081

0.07 0.07

0.06 0.06
0.05 0.05
0.04 0.04

0.03 0.03

0.02 0.02

0.01 0.01

0 0
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15

A's: accuracy =11.06m

0.1 \ \ \ ‘
S I simulation
= = =Theory

0.08 : ~

) * Here:p,=7/m, p,=0,0,=0,=5m
0.06 —

- s  Accuracy: 11.1m
0.04— )
0.02— ~
00 2 4 6 8 10 12 14 16 18 20
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180

Expected
160 horizontal
deviation in m

140
120

100
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Expected
160 horizontal
deviation in m
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Outlook and Next Steps W Engineering

* Next steps
— Formal hand-over summer 2014
— Follow-up projects

* Qutlook

— Critical system parameters
* Receiver unit time stamps
* Receiver locations
 Aircraft location
— Options to further boost the system performance
* More accurate GPS time stamps
* Increased number of receiver units

27
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Project Leader: Dr. Martin Loeser
www.martinloeser.eu
martin@ martinloeser.eu

28

Zurcher Fachhochschule



