How to:Recelve, decode and
display three ARINC Channels in parallel
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Softwaredefined radios (SDR) offer the possibilityrégeive and demodulate several audio/IQ
channels in paralleELAD & -©BGand FDMNb2offer up to four channels within a range of e.g. 5
MHz.Some people asked, what this stunning feature is about, why they should use it and how they
can do this. This papejives one answer by showing stbp-step how to receive, decode and display
three ARINC channels in parallgsjust one example oéxploiting and exploring this technology.

Since P13, Rockwell Collinzrovidesautomatedpacketlike datacommunicationsalledHFDL
betweenground and planes and vice versa on shortwavgood overview on the system can be
found atARIN@ & ¢ SEach bfiih& 15 ground stations usesif (two of them just two)
frequencies in paralleto follow propagation. Coverage of this system is essential globat@vers
even the polar regions with great reliability, where SATCOM is difficult or even impossible.

For the purpose of this paper, you need nothing to know abous¢heSK signals at a symbol rate of
1.800 bpsbut: They strictly follova GP&lisciplinedschedule (TDM#&DMA), last for 1,8 or 4,2
secondsand they sound like nagswith a precarrier of 249 milliseconds length at the centre
frequency @ this signal, namely 1.440 Hz.

The channels of the ground stations are cluster@d | took the following stations/channels:

1 ARINC Agana/Guam, #16, 21.928 kHz
1 ARINC @hary Islands, #17, 21.955 kHz
1 ARINC AMuharrag/Bahrain, #15, 21.982 kHz

Unfortunately, Aganahanges this channel in favor to a lower raisgen after starting my
monitoring (due to propagation around Agana). Reception was made on Augusdty2iBr FDMS2
receiver and amctive loopof about 20 mcircumference
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Figure 1: ARINC ground stations (GS) in the vié¥Xaftlaswith some planes.
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Threechannels, three decoders, three times audio

Firstan overlookof how it generalf works:

Within the coveredslicet of FDMS2 béweenup to192 and 6.144 KHESET4 Advanced4 Device
Configuratior), youcan place up tdour independentdemodulators RXX RX4at frequencies, you
want.

Each of theeoutput has to be fed into a separate virtual audable (VACYr virtual sound card
(VSC)I useVACQwhich provides up to 99 virtual audio cables.

For decoding, you need a software capable adripg at least three instancescceptinga different
sourceof each instancel.useCharles Brai® PCHFDlfor years.

To show the results in a combined form (plus on Google EatbgNike Simpsof@ softwarePG
HFEDLDisplay

Figure 2Zshows, how all is connectgdst via softwae.

RX1/VACL » /' DataCHL
PC-HFDL 1 [
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Figure 2: FDMB2 delivers via VAC soére threedemodulatedchanrels RX# VAC#Each of these outputs
feeds a different instance of AMIFDL decoding softwarBach of itslogfile¢ is sent to software REFDL
Display.
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Now for some detailsstep by step.

i Software VACIn the Virtual Audio Cable Control Pamagke at leasthree VACsvailable
(6Cables), seeFigure 3

Virtual Audio Cable Control Panel - T ' o |
Driver parameters Cable parameters
T Format range Comnected source fines
g = 7
Cables Clients s (2050 <] [0 -] g5 <] [ | e [T o]+ Mc I~ Lne W sporF [T
Worker threads sweams [ 6 ;
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1Al
Y ERE w0~ it [300 =
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Cable [ MSperint | SRrange | 8PS range | NCrange | Stream fintimit | Vol cti | Chan mix |_Portcls |_wmk ct Current format Re stms | Pb stms |_Oflows |_UFlows
1 3 22050..48000 _ 8..16 = Cablerange __ OfF on Off __ Off EXtPCM/4+100/16/2(3) 1 1 129 1
2 7 2205048000  B.15 1.2 Cablerange  OFf  On  OF  Off EXtPCM/44100/15/2(3) 1 1 131 1
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Figure 3: Driver Parametes Cables make at least thregécableg available.
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1 Receiver FDMB2:
First- in the SET menuactivatedAudicé output for VRXIX VRX3t Line 1 (Virtual Audio Cabl)
Line3 (Virtual Audio Cab)eseeFigure 4
Secondly activateRX1andtune it in USB to the first frequencyhenactivateRX andtune it in
USB to thesecondfrequency EventuallyactivateRX3 andtune it in USB to théhird frequency-
seeFigure 5
Now RX1sends it demodulated output thinel, RX1to Line2 andRX3o Line 3

| Tuning Step | Tumng‘ Audia |Grapm:s | Demod Settings | Advanced | Thate/TMate2 | Station Memory | Recording | Server | Abuull

AGC Settings
Fast Attack (ms) 1% Decay (ms) 10002
Medium Attack (ms) 5[ Decay (ms) 2 0002
Slow Attack (ms) 10f- Decay (ms) | 40004
Audio Out

Use Soundcard audio out gCain Multipiier |1 -

Efer (Realtek High =

Main Qutput Device

1 Enabile AUX Out Output Device lLine1 (Virtual Audio Cable) 'J Mode [Audm

WRXZ Enable AUX Out Output Device [unez(wlual Audio Cable) vJ Mode [Aumu vl

WRX3 Enable AUX Out Output Device {uneﬁ (Wirtual Audio Cable) vJ Node {Aumu v]

[] Enable AUX Out Lautsprecher (Realtek High Audio

Mute the VRX g

gicard Play Buffer Size (ms)

Lo ) Cow ) (o)

Figure 4Activate Line X Line 3 output for VRX{ VRX3.
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Figure 5: Activate RXLRX3, and tune into the wanted frequency/motiere RX3 has been activated for
tuning.



1 Decodirg software PEHFDL.:

o Downloadthis softwareand place it intce.g.folder PGHFDE

o Copy this folder three time and name thed®@CHFDL_4, PCHFDL_2and PEHFDL_8
(Why sepaate folders?Because each carriesiagfile¢ which then is needed to feed
each of the threedatainput of softwaredPGHFDL Display)

0 OpendPCHFDE from each of the foldersPGHFDL_4 X PCHFDL3¢

o Each of these three instances now has to be feed with a different inpet1X Line 3
(Systems Optio”, Soundcard Configuration)suggest to feedPGHFDL_4 by dLine E,
OPCHFDL_2bydLine Z anddPCHFDL_8by dLine3¢.
Figure6 shows the three windows lined up plusth the opened menu for changing the
soundcard input.
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Figure 6Each instance of software F{-DL has been assigned to a different input.

Now reception and decoding should starseeFigure 7Each window oPGHFDL is fed by the output
of a different ARINC frequency and decodirigdependently
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Figure 7: Three channels, three demodulstand three decoderghe system is working®2 has been
activated here for listen via loudspeaker. But as you see, all three ceatemebdulators have been also
activatedanddeliveringin paralleltheir ouput via VACX VAC3 to the inputfdhe three opened instances of
PCHFDL decoder software.

Last, but not least, the last step: visualiyihe data by software RE@FDLDisplay.



9 Visualizing software PEIFDLDisplay:
This sdfware collects decoded information from thiogfile folders of PE@HFDLIt accepts up to
three different data input.og1X Log3in parallel.To do so, you just have to assign the
appropriatedodfiles folder:
o OpendOptiong, click on thedPC_HFDL Log# Pgtand doubleclickonto the
appropriate enty PGHFDL#A logfilesA MonthXX.txE - seeFigure8 and9.
0 Soon thenearly all fields ee being populated and update@he softwaredoeseven take
the name of the ground statiorGS1X GS3 from thedodgfiles, but you have to input
their frequency manually seeFigure 1(n page 6

-

PC-HFDL-Display Version 1.0.110  Using Log - D\Decoder\PC_HFD

Options | Database Alerts About
PC_HFDL Log 1 Path
PC_HFDL Log 2 Path Plot on

Start Foogle Earth
PC_HFDL Log 3 Path

rop Monitoring Read Log File

Incoming Data from PC
[ ——S—S—....

Figure 8: Assign the three inputs ofIREDDisplayX

Open PC-HFDL log 3

@\./?‘ » Computer » Volume (D) » Decoder » PC_HFDL » PC-HFDL3 » logfiles

| Organisieren ~ Meuer Ordner

Mame : Anderungsdatum Typ Grafie

- L April07 Textdokument 11 KB
| April28.bdt Textdokument 24 KB
| April29.bd Textdokument G KB

- | August0l.bd Textdokument 1632 KB
| Augustllbd Textdokument 63 KB
L Augustl 2.t Textdokument 61 KB
| August22.bd Textdokument 20 KB
| August23.bd Textdokument 2052 KB
| Decemberl9.bxt Textdokument 4 KB

Figure 91o the appropriate oyput logfile- done.



PC-HFDL-Display Version 1.0.110

Using Log - D:\Decoder\PC_HFDL\PC-HFDL_l\logfiles\August23 and D:\Decoder\PC_HFDL\PC-HFDL_2\logfiles\August23 and D:\De:oder\PC_HFDL\PC—HFDL_S\IogﬁI..‘E@é]
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Logs No-Reg

[MPDU 10:20:54 AIR LOGON SLOT
Zireraft ID LOGZ-ON
Mzx Bit rate 300 bps

[LEDU LOG ON DLS REQUE
Icac 740738

Nr LPDUs = 1 Ground station ID AL MUHARRAG -

Incoming Data from PC-HFDL

2 300 BPS ]

Slots Regquested medium = 0 Low = 0
=0 UR(Rjvect = 0

BAHRAIN NOT SYNCHED

Not in DataB

7BOCAS
B-5952
VI-IRO
COSEEE
780CSF
440678

m
m

m

[HFNPDU FREQUENCY DATA] B&D9aR

10:20:52 UTC Flight ID = RJA117 LAT 234 10 1 N LON 21 28 4% E

G5 ID 15 AL MUHARRAQ - BAHRAIN UTC LOCKED 800737 SENTA CRUZ 4 5

Propagating frequencies 1 70035B ~ [KRASNOYARSK z 3

Tuned fraquencies 1 AL MEARRAQ 1

G5 ID 3 REYRJAVIK - ICELAND UTC LOCKED - EaT= e ‘ pcana 2 2 s 5

Current Traffic

All Aircraft Heard

I T I ] e [4C JGS JFeq JMsgTine 8
l JY-AYN ANG Royal Jordanian 20140823 10:19.56 RJA121 LAT41677 W LON 271546 E | AMM-THL FF |15 |0 10:20:09
JYAYP A9 Royal Jardanian 20140823 10:20:02 RJO125 740730 1% 17 0 10:20:12
W CH-AGJ B738 33072/3949 Royal Air Maroc 20140823 10:20:08 AT0285 0200F8 LAT 111059 N LON 53338 E FF 17 |0 10:20:22
] NO-REG Emirates Ailing 20140823 10:20:20 UAE215 LAT 492351 N LONE26027 E O (15 |0 10:20:20
F B-LIC B744 Cathay Pacific 20140823 10:20:20 CPA204 780219 LAT 274217 N LON 721437 E FF |15 |0 10:20:32
q SP-LRC BI7EE 36540/86 LOT Polish Aifines 20140823 10:20:26 4BAE02 17 | 22 10:20:37
Z5-5ND AZE South African Ainsays 20140823 10:20:26 OOBOEE 17 | 22 10:20:37
5K A388 Singapore Airlines 20140823 10:20:26 FECDEBY 17 | 22 10:20:37
JTAY A3 Ropal Jordanian 20140823 10:20:26 740736 17 | 22 10:20:37
CH-RGJ B738 33072/3343 Fiopal Air Maroc 20140823 10:20:26 0200F8 17 | 22 10:20:37
JY-AYP ANG Ropal Jordanian 20140823 10:20:26 RJO125 740730 17 | 22 10:20:37
WP-BWF A320 Aeroflot Russian Ailines 20140623 10:20:26 SU2425 400154 17 | 22 10:20:37
ET-A0R B788 34746/71 Ethiopian Aitlines 20140823 10:20:26 ETHB31 040048 LAT 4144 5 LON153936 E ADDFIH FF 17 | 22 10:20:39
WH-0OE A388 (antas 20140823 10:20:27 OFA3 7C4924 LAT 392740 N LOWN 41558 E MEL-SIN FF |15 | 22 10:20:39
NO-REG LOT Polish Aifines 20140823 10:20:33 LOT4 LATE7 2144 N LON 93255 E 06 |17 | 22 10:20:44
NO-REG LOT Polish Aifines 20140823 10:20:33 LOT4 LATEE1034 N LON 122816 E 17 | 22 10:20:44
CH-ROZ B738 Fioyal &ir Maroc 20140823 10:20:33 ATO27E O2004F LAT363620 N LON 114214 E FF |16 | 22 10:20:42
CH-RGI B738 36831/3858 Royal Air Maroc 20140823 10:20:33 ATII0Y 0200EC LAT 365924 N LON 9575 E FF 10:20:47
VPBPY B738 SunExpress 20140823 10:20:39 R2NWS5 424240 17 |17 |22 10:20:49
AR A0 Ropal Jordanian 20140823 10:20.45 RJA1T 740738 LAT 34101 W LON 312843 E  |AMM-CODG FF |15 | 22 10:20:54
CH-RGI BI738 36821./3858 Fiopal Air Maroc 20140823 10:20.45 0200EC 10:20:59
AK-AZ81 B7EZ Azerbaijan Aitlines 20140823 10:20:45 J20075 600851 10:20:59
1 |AC—A.HA ~ GuaM No data £ 2 [cawarias - spaIN No data for: 3 |AL MUHERRAQ - BAHRAIN LD Gk fams
0 mins 0 mins
Freg: [z Frea: [z1.s2s Freq: [a1sez

Figure 10: Here we have all data from three ARINC stations in parallel atUraodunately, 18 minute after
having activated the software, ARINC Guam changed to a lower frequ&meye have only 18 minutes
Guam, but Canarias and Bahrain for hours at my location in Northern Germany.

A click oréPlot on Google Earétwill

show thefollowing pictures.
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Figure 11: Here you see an overview of about 868QQitters receivedduring six hourérom planes and up to
three ARINC stationEach airlorne transmission is represented by an iaod some additional information,
showing up at a zoomed picture, plus a click onto the icon; see the two concluding pictures.



Figure 11: Zooming in, anide call signs of each plane appearsu can also see the routing of some planes
e.9.0A6EER Airbus380-361 ofEmirates airlinetdk-AZ8Z, a Boeing 76:B2LERy Azerbaijan Airlineand
oMM62228¢, also a Boeing 67, but by the Italian Air Fog, Aeronautica MilitareAirframes.orchelps in
decoding

Figure 121f you click onto an icon, all data are displayddre we se€5Y-KYE, a Boeing’38 from Keng
Airways received a bit nortleast of Abidjan/lvory Coasih August, 23rd, 2014 at 12:45:08'CHight number
KQ520 denotes the flig from Naiobi to Abidjan and finally to DakaFlightradar24is an excellent site tfind
all these informatiorbut this is another storX


http://www.airframes.org/
http://www.flightradar24.com/

