A Casper PA1CJ ADSB, MLAT en hardware
A Erik PEIRQF  Softwareentooling
A Gerton PDOG Antennes

Geschatte tijd 60 minuten
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Positie bepaling ACARS

A Aircraft Communications, Addressing and
Reporting System

A Short messages sent to and from aircraft
A 137 MHz AM 5KHz




Positie bepaling ADSB

A ADSB (secondary radar)
A Automatic
. Verzendt automatisch periodieke informatie.
A Dependent
. De positie en snelheidsvectoren zijn afgeleid van GPS
A Surveillance

. Driedimensionale positie en identificatie vliegtuigen of
voertuigen.

A Broadcast
. ledereen kan de informatie vrij ontvangen.



ADSB

A Signaalreq: 1090 MHz AM
A Bandbreedte 5&Hz
A Packets van 112 bits data.

A Mode A: 4cijferige code, max 4096 codes ICAO
A Mode C: Mode A hoogteinformatie
A Mode S: Mode C + 16 miljogh2 RS Qa L/ !

A Mode S + ADB: Mode S -additioneleinformatie
(0.a. positie, koers, snelheid en alarmeringen)




Positie bepaling MLAT

A MLAT (Multilateration)
AWAM (Wide Area Multilateratie)




A Burgerluchtvaart met ADB transponder
A Commercieel verkeersvliegtuigen

A Helikopters

A Particuliere vliegtuigen

A Zweefvliegtuigen

A Ook zonder ADB zijn ze zichtbaar met MLA




Ambulances MLAT

Call SignLIFELN1 Amsterdam
Registratie nummer PHHVB
Flex1600 code 0120901

Call SignLIFELN2 Rotterdam
Registratie nummer PHELP
Type Eurocopter EC135 T2
Flex1600 code 1420059

Call SignLIFELNS Volkel
Registratie nummer PHULP
Type Eurocopter EC135 T2
Flex1600 code 0923993

Call SignLIFELN4 Eelde
Registratie nummer PHMMT
Type Eurocopter EC135 P2+
Flex1600 code ??7?

Call SignMEDICO01 Leeuwarden N {

Registratie nummer ~ PHOOP m

TypeAirbus Helicopters H145 :

Flex1600 code ?2?? ~

Reserve LIFELN??  Lelystad =8 Traumahelikopter
Registratie nummer PHTTR

Type Eurocopter EC135 P3
Flex1600 code 277

’E Ambulancehelikopter

To Bo Po Bo Bo Do Bo Do Do Do Do Do Do Do Do Do Do Do Do Do Do Do Do

Brandstof tanken op regionale vliegvelden (ook zonder baanverlichting) als Texel, Ameland, Hoogeveen en Oostwold en(téisigrsu



Politie- MLAT

Politiehelikopter 01 - A Politiehelikopter 02

Call SignZXP01 &é A callSign ZXP02
Registratie nummer ~ PHPXA A Registratie nummer  PHPXB

Politiehelikopter 03

_ A Politiehelikopter 04
Call SignZXP03 A callSign zXP04
Registratie nummer ~ PHPXC A Registratie nummer PHPXD

Politiehelikopter 05 7 A Politiehelikopter 06
Call SignZXP05 : 3 A callSign  ZXP06
Registratie nummer  PHPXE A Registratie nummer PHPXF

Politiehelikopter 25 A Politiehelikopter 26

Call SignZXP25 R} A callSign zXP26
Registratie nummer  PHPXY ﬁ A Registratie nummer PHPXZ

A Ook bekende onder roepnaam Police01 of Zulu01
A Politiehelikopter zal veelal blijven tanken op haar thuisbasis Schiphol.

To o o Do Do o Do Do To I Do I»




Militair - MLAT
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Hardware

A USB RTSDR Dongl@s20T2 RTL2832U 25MEO0MHz2)
A Computer (PC of Raspberry PI 3B)

A Coax en/of connectoren.

A Antenne

A Internet verbinding

- 16GB micro SD met software image *
Metalen behuizing *

Voedingsadapter *

voedingskabel *

U U U U

T>o T T T

* Raspberry PI
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A Software en Tooling




Hardware Ontvanger

RTESDR USB Stick universeel

RTL-SDR.COM

QUICKSTARY SETUP GBIDE: RTL-SBR COM/ISE
-y DVB-T+DAB-+FM+SDR

RIUZBURNTITOXOSBUSTAHE

Breedband Ontvanger

FIL2
VFO

1090.000. 000 .. o clcl

SPECTRUM SCOPE CENTER

10898 1089.9 1090.1 1090.2

<1> SPAN HOLD  CENT/FIX EXPD/SET



Hardware Antenne

CollineaireAntenn

Y2GolfGroundPla

Filteren Versterk 8 SDR Ontvange




Hardware computer

Raspbernpi

Computer
Desktop/ laptop




Software om de data te ontvangen

A Raspberry Rj Piaware lokaal netwerk.
A Windows demoduleren Dump1090, RTL1090
A Virtual radar server om stream

1090.000 MHz swor

te ko e I e n TunerﬁGC,@ OFF ﬁi 2 7
) RTL AGC| OFF Send ”["F'W OFF
Mode AC ng__ I orr  ssex [ JINN oFF
ALT..MCP V/S G5 TT SSR G*456% 5% MSGS [P

Virtual Radar Server ? =
Kingston Virtual Radar Server
JUpon Thames
""I| S I 164un-2018 15:14.46 24229243 Environment: MET 32-bit
C-GIAT) Copyright © 2010 onwards, Andrew Whewell
t r"',F 'r'i!!‘;l.'ll":ll:"
4 THIS APPLICATION |15 FREE. A
. Thig iz a simple web server that can be used to display the aircraft picked up by an
Chessinglon T ADS-B receiver.




Voorbeeld routing

Your receiver

synthetic positions
from mlat results

piaware

dump1090-fa
RF signal
PORT
/ 30104
DVB-T message
dongle demodulator —>» routing
PORT
30005
=l aircraft
tracking
Log File
—> Mode S/ ADS-B messages, all types
———> synthetic ADS-B positions from mlat
- Mode S / ADS-B messages, excluding synthetic mlat messages
— 2. Processed aircraft position / speed / callsign etc

messages to

multilaterate
fa-mlat-client | <€
mlat results
Flightaware
position servers
information
from ADS-B
faup1090
PORT
30105
Log and : »
Status File PORT + © Virtual Radar
30106 771 server (VRS)
other feeders
etc
Lighttpd
SkyView > Web Browser




Skyview
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Silhouette

Distance Callsign
19212 km ETD15R
48 44 km UAEZ3E
194.81 km UAE4YG*
163.32 km UAE28

5km QTR7NB

X

IBK5923
ULAC

Pause ::

Route Altitude
LHR-AUH 11529 m
MAN-DXB 11278 m

12200 m
GLA-DXE 10668 m
EDI-DOH 12497 m

833.4km/h
944.3 km/h
97



http://pe1rqf.ddns.net/dump1090-fa/
https://www.radarbox24.com/stations/EXTRPI000744

Ve

BURSTO1
F16

Mulilateraal

: KLPD Police Aviation Service

<]

’I|\

Netherlands Civil
AW.139 A139
Altitude:  Vertical Speed: ~ Speed: Heading: Distance: Squawk:
35Tm 20 m/min 190.8km/h  330.9° 40.08 km

Engines:  Species:  Wake Turbulence:
Twinturbo Helicopter Light

Route:

Aircraft is not transmitting its callsign

www.airport-data.com : : www.airliners.net : : www.airframes.org
Show on map : : Enable auto-select

Royal Netherlands Air Force
Netherlands
F-16AM Fighting Falcon

Altitude:  Vertical Speed:  Speed: Heading:
70Tm 20 m/min 855.8km/h  214.2°
Engines: Species:  Wake Turbulence:
Singlejet Landplane Medium

Route:

Route not known

BURSTO1
Military
F16
Distance:
76.80 km

www.airport-data.com : : www.airliners.net
Show on map : : Enable auto-select : : Submit route

;2 www.airframes.org




Skyview Mulilateraal

Hyperbolischenavigatie

een vorm van radionavigat
waarbij positielijnen worde [
verkregen aan de hand va

het afstandsverschil tusserges
bekende posities




Platformen

. L7 ‘N ADS-B Exchange
F I I g h tAwa re World's largest co-op of unfiltered ngh%&ta

q planefinder client

RadarBox’

LIVE ATC AND FLIGHT RADAR

flightradar24

LIVE AIR TRAFFIC



Platformen Statistics

AIRCRAFT REPORTED (ALL SITES)

I~ [ Site 90156 Reciver1 [ Site 93777 PE1RQF2
I Site 94464 PE1RQF Comparison

]
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HOURLY COLLECTION (CET)

Hourly Collections Graph

I #0568 Last 24 Hours [l ADS-8 Trailing 24 Hours [l ADS-B Trailing 7 Days

I \'LAT Last 24 Hours [l MLAT Trailing 24 Hours MLAT Trailing 7 Days
40000

30000
20000

10000

| — L e——
@@@@@@@@@@@@@@@@@@@@@@@@

PR PSS ETFSESIE S +
HOURLY RECEIVED REPORTS (CET) [
22 Tue -
23 Wed -
24Thu-
26 Sat-
27 Sun-
28 Mon -
29 Tue -
‘ +
POSITIONS REPORTED [

29/1/2019 28/1/2019 27172019 26/172019 25/1/2019 24112019 23172019 22117201¢

400541 536,279 491,080 558,920 541,041 521,

88 813,203 767,741

Positions

M N 0S5 [N VLT [ Otrer

50000 \/_\/‘\’_’\/\/—\’_,_/—\/—\
300000
200000 W—\/\

900000
800000
700000
600000
500000




Platformen Ranking

RadarBox Stations - Netherlands Ranking

- eteriancs M RGO RRANGEE G EEnge

STATION COUNTRY iy STATUS UPTIME MAX RANGE (e AVE RANGE tng

#1 — EXTRPI004606 Netherlands Amstelveen ® Live NINTREAANAN 100% 269 216 26981
#2 s EXTRPIOD0744 Metherlands Amersfoort @ Live THNAN DOANNNN 95% 229 196 23700
#3 o EXTRPI009373 Netherlands Emmeloord ® Live NIRTRERANAN 200% 236 187 23421
w4 o EXTSHAQ07268 Netherlands Hoek v Holland ® Live 374 155 22981
#5 mm PGANRB400250 Netherlands Hellevoetsluis ® Live NINTREAANANI 100% 241 179 2721
#6 mmm EXTSHAQO7311 Netherlands Amsterdam ® Live NINTRERANANNN 100 239 179 22681
_ —

20,533 16,794 196

sites participants countries represented

Shrasinn 1 tn AOAf 20 R?T cntrice | Show | AN T | onfricc

= Member since: 3 months ago
LIser last online: 13 hours ago
Language: English {UK)
ADS-B feeder since: 20 October 2018

Highest User Ranking Achieved in Last 30 Days: 118



Polar Viewl heoretisch berelk
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Polar ViewBerelk
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3D Polar VieBerelk (filmpje)




A Antennes

o

o
X \06 meters/sec _ 299.7925
Z

B 299.7925
. f hertz
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File Edit Tools | Setup Help MMANA-GALpro

1x 5/8

File Edit Tools Setup Help MMANA-GALpro

DEED SUEZT DA ©B RE
Geometry View  Calculate Far field plots
Rotate around : O Selected wire

®Source
xLoad

Zoom currents

@ Middle point of antenna

File Edit Tools

OX=0, Y=0, Z=H

Setup _Help  MMANA-GALpro

D@D <UAZ D2A ©B RE

Geometry View Calculate Far field plots

Save image

Wire No.5

X1 :00m

Y1 : 00m

Z1 :016m

X2 :00m

Y2 0.0m

Z2 :00m

R : 1.0mm
Length :0.16 m
Azim. : 0.0deg
Zenith : -90.0 deg

M+90 dg

Ga:2.21dBi
Gh : 0.06 dBd

F/B: -0.39 dB; Rear: Azim. 120 deg, Elev. 60 deg
Freq: 1090.000 MHz

Z:48.988 - }180.647 Ohm

SWR: 11.0 (75.0 Ohm),

Elev: 14.5 deg (Free space )

(For elev. angle 0.0 dg Peak:1.8 dBi)

0dB (Vertical polarization)

@® Total

OV+H

DeEd
Geometry Vig

[(1+90 dg

3D 3D Far field




2X 5/8.

File Edit Tools Setup Help MMANA-GALpro

DeED U@ D22A 6B RE D@D <UEAZ D22A OB RE
Geometry View  Calculate Far field plots Geometry View Calculate Far field plots
Rotate around : O Selected wire ® Middle point of antenna OX=0, Y=0, Z=H £+90 dg %
©Source 0
x| oad
-
Ga:3.82dBi=0dB (Vertical polarization)
<> Gh : 1.67 dBd
F/B: 0.05 dB; Rear: Azim. 120 deg, Elev. 60 deg
Wire No.6 Freq: 1090.000 MHz
:00m Z:55.300 - j1.862 Ohm
: g-?;g SWR: 1.4 (75.0 Ohm),
% O m "
 Gom Elev: 0.0 deg (Free space )
:00m
:03m
R : 1.0mm
Length - 0.162 m
Azim. : 0.0deg
P Zenith : 90.0 deg
Zoom currents M Currents - =]
Selected wire |6 & Pen width x 2 - Field(s)
¥ LLSegolt = [ Eeaion ]| aFF | oy OH oT@ OV |

File Edit Tools Setup Help MMANA-GALpro
D | D |3D3DFafied

Geometry Vig
&+90 dg




3X 5/8

File Edit Tools Setup Help MMANA-GALpro File Edit Tools Setup Help MMANA-GALpro

DeEbd SUAZ DA ©h RB
Geometry View  Calculate Far field plots

DEED U BlA ©Bh RE
Geometry View Calculate Far field plots

Rotate around : O Selected wire @ Middle point of antenna OX=0, Y=0, Z=H Save image 4+90 dg
oSource
xLoad
9
<>
Ga:5.95dBi=0dB (Vertical polarization)
~ Gh 3.8 dBd
F/B: 0.04 dB; Rear: Azim. 120 deg, Elev. 60 deg

Wire No1 Freq: 1090.000 MHz
X1 :007m Z:61.676 - j18.061 Ohm
Y1 0.0m SWR: 1.4 (75.0 Ohm),

< Z1 - 00m Elev: 0.0 deg (Free space )
X2 - 00m
Y2 :00m
72 - 00m
R : 1.0mm
Length : 0.07 m

& . Azim. : 180.0 deg
et S Zenith - 0.0 deg
Zoom currents M Currents . Field(s)
L] Blevion || 3DFF [ov OH @Total  OV+H ‘

@ MMANA-GAL basic CAMMANA-GAL_Basic\ANT\1090\3-2-2019_1090 MHz colinear_aarde belg2x.maa - o X

File Edit Tools Setup Help MMANA-GALpro
D@ D |30 30Fafild

Geometry Vie
M +90 dg




Hoop gemaakt en getest.
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Virtual Radar

i} Options
English (United Kingdom)

Receiver

Receiver Range

Shortcuts Pi 20005 ADSB

Pi 30105 MLAT
) Audio
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O Layout
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Tracking 199 aircraft

4

Disable auto-select

Pause:: Lirs;i' c?ritﬂiéiﬁlﬁ

Silhouette ~ Callsign  Altitude Speed Reg. ICAO  Rou
QTR09K 12497m 9353 km/h A7-AIR  06A106 EDI
qﬁ;} ZXP25* 23m 209.1km/h PH-PXY  484AC1
g 53m 4545km/h PH-JIS  484BA8
~/.  PHPHA 61m 1828km/h PH-PHA  484CA8
“f.a ZXPO6* 198m 277.8km/h PH-PXF  484A%
@t PHHHE 244m 117.8km/h PHHHB  4848FB
BAWA430 207m 1983km/h GNEOS 4075FE LHF
d 373m 2463km/h PHBXI 484162
“wim—  PHCBN® 457m 106.7km/h PH-CBN 484655
.’%.l 511m 1558km/h PH-MLQ 484537
?P“ PHXYZ* 518m 2293km/h PH-XYZ  4850E3
-J PGT82K 549m 217.1km/h TCCPG  4B8EO7 SAV
nl AAL204 549m 2339km/h N393AN  A48DFB MiA
___1,1 PHMLK* 686 m PHMLK 484534
d CTNSNL 716m 260.6km/h 9A-CTK  501D20 ZAC
q.g KLM45F*  899m PHEZT 484F7C AM
d TRAS0E 922m 329.7km/h PH-HSF  484F6C CPH
“wi—  PHTTC 960m 1243km/h PHTTC  484F4D
il 1029m 1356km/h PH-DTS  4844FA
e | 1135m 2582km/h L-04 480C24
‘ & 124N m N.ACNT 2WANNA S 7
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