MarineTraffic

SDR AIS DECODING USING A CHEAP USB
DVB-T STICK

INTRO:

There is a new trend in the SDR (Software Defined Radio) community which keeps getting more
and more popular in the DIY scene.

It is SDR decoding of various signals & protocols (e.g. AlS, ADS-B, METEO-SAT, TETRA) using a cheap
DVB-T USB stick (based on the RTL2832U demodulator chip) and software running on a PC. The fact
that you can experiment with such an approach and achieve great results for a fraction of the cost
of a commercial solution makes it very interesting. The DVB-T sticks cost about $20 and the relevant

software is available for free. However, you will need a relatively fast PC as the decoding operation
is CPU intensive.

A list of compatible tuners can be found here:
http://www.reddit.com/r/RTLSDR/wiki/compatibility

You can purchase a unit from Amazon or (more common) on eBay:
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UsSB HDTV Stick

R820T BASED E4000 BASED
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BACKGROUND:

In the 2009 - 2010 period, during the Linux driver development for the RTL2832U based DVB-T
tuners, V4L/DVB kernel developers Antti Palosaari & Eric Fry made three very interesting
discoveries:

1. The demodulator chip allows for raw I/Q sample transfer to the host which means the PC can
handle the decoding by using special software.

2. The chipset allows for direct control of the tuner from the host.

3. The tuning frequencies span in a much wider range than what the DVB-T stick
manufacturers claim in their documentation.

What makes Antti & Eric's feat remarkable is that all of the above features were undocumented!

TUNER TYPES & TUNABLE FREQUENCY RANGES:

The RTL2832U chip outputs unsigned 8-bit 1/Q samples and the highest theoretical sample rate is
3.2MSa/sec. However the highest attainable rate tested so far without losing packets is
2.4MSa/sec. The frequency range depends on the tuner chip used:

TUNER FREQUENCY RANGE

ELONICS E4000 (E4K) 52 - 2.200 MHz (with a gap between 1.100 - 1.250 MHz)
RAFAEL MICRO R820T 24 - 1.766 MHz

FITIPOWER FC0013 22 -1.100 MHz

FITIPOWER FC0012 22 - 948.6 MHz

FCl FC2580 146 - 308 MHz & 438 - 924 MHz
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ELONICS E4000 (E4K) Tuner chip
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FITIPOWER FC0013 Tuner chip
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FITIPOWER FC0012 Based board

FCI FC2580 Tuner chip

For AIS decoding, the tuners have to be tuned to
the following frequencies:

TUNER FREQUENCY RANGE

CHANNEL A (VHF 87B) 161.975 MHz

CHANNEL B (VHF 88B) 162.025 MHz

All of the above-mentioned tuner types are capable of doing so. Thus, they can be used with ease.
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HOW TO INSTALL & SETUP THE REQUIRED SOFTWARE

The approach we are going to take involves firstly installing the special driver for your RTL2832U
based DVB-T stick (also known as “Zadig” driver) and NOT the one that was shipped along with
your unit. If you have already installed the latter, please remove it.

NOTE:
You will not be able to use your DVB-T stick for TV / FM / DAB tuning while the Zadig drivers are in use.

Secondly, SDR# (a free application) has to be installed. It will be handling the tuning to the AlS
channels and the audio extraction of the raw data packets.

The third step is to install an audio piping program that will be transferring that audio feed from
SDR# to the actual AlIS decoding application (AISMon or Shipploter).

Finally, the AIS decoding application itself must be configured to send data to the MT
servers. Does it sound complicated? Let's go through the whole procedure step-by-step:

1. Purchase an RTL-SDR compatible DVB-T stick from either retail or eBay.
We recommend the R820T tuner based ones because their frequency span is wide and are good,
all-around performers.

2. Make sure you have .NET Redistributable (3.5 or greater) installed.

If not, go here and here (download & install) or just apply all the latest updates for your
Operating System from Windows Update. The method described here has been tested &
working on XP / VISTA & 7 (both 32 & 64 bit).

3. Go to the SDR# download page (here). Download sdr-install.zip as shown below:

Software e ————

B

4. Extract sdr-install.zip to a folder on your disk.
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5. Double click on the “install.bat” file from within that folder:

Lo e ]
f | v| .+ sdr-install - |'Ff| | Search sdr-install 0o |
Organize - Open Share with - Print Burn Mew folder = - [ @
¥ Favorites Mame Date modified Type Size
"5l Recent Places [57] httpget.exe 31/08/2012 7:50 a....  Application 83 KB
Bl Desktop | install.bat 2/09/20121:09 a.m.  Windows Batch File 1KB
i+ Dropbox [ unzip.exe be 31/08/2012 7:11 a....  Application 12KB
4. Downloads
3 Libraries
| Documents T

This will start a command prompt that will download the latest build of SDR# and all the required
files to make it work with your DVB-T stick. Everything will be placed into a new folder inside the
sdr-install folder named “sdrsharp”. Upon completion, the command prompt will automatically
close. You can now move the “sdrsharp” folder to wherever you want.

6. Plug your DVB-T stick into a free USB port of your PC and do not install any of the software
that came with it. Let the “New Hardware Found” wizard finish (and fail) trying to automatically
install the Windows signed driver.

IF YOU HAVE ALREADY INSTALLED
THE SOFTWARE & DRIVERS THAT WERE

SHIPPED WITH YOUR UNIT, UNINSTALL
® THEM FIRST BEFORE CONTINUING!

IMPORTANT

7. Open the “sdrsharp” folder. Find the “zadig.exe” file, right click on it and select “Run as
Administrator” if you are using Windows Vista and above. For Windows XP, download the

XP version from here.

8. In Zadig GUI go to options > list all devices and make sure it is checked.
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9. Select “Bulk-In, Interface (Interface 0)” from the drop-down list. In some cases the DVB stick
is referred to as “RTL2832U device”. Choose that instead. Ensure that “WinUSB” is selected in
the “Driver” box:

Zadig [o] = )
Device Options Help
Device
Bulk-In, Interface {Interface 0) v] [| Edit Mame
Details Driver
viD: O0BDA  PID: 2833 MI:; 00 Current: WinUSE Target: WinUSE (v&. 17600, 16385) :

Install Driver

7 devices found.

10. Click on the “Install Driver” button. You might get a warning that the publisher cannot be
verified. If you do, just accept it by clicking on the “Install this driver software anyway” option:

L ]

'@;‘ Windows Security @

@] Windows can't verify the publisher of this driver software

< Don't install this driver software
: You should check your manufacturer's website for updated driver software
for your device.

Install this driver software anyway

Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

(v) See details
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This will install the necessary drivers in order to use the DVB-T stick as an SDR device. Note that if
you have moved the stick to another USB port or you want to use more than one sticks at the same
time, you may need to run the Zadig installer again.

11. After theinstallation has finished, run “sdrsharp.exe”. Select “RLTSDR / USB” from the top
of the drop-down list and press the “Play” button. If everything has gone smoothly you should
be able to start tuning to different frequencies and listen to the audio through your speakers.
Also, make sure you have adjusted the gain settings by clicking on the “Configure” button up the

top:
| Play | [Other (Sound card) -
SoftRock / 5i570
=" Radia FUMcube Dongle Pro

] FUMNcube Dongle Pro+
SRV W RTL-SOR / USE
RTL-SDR / TCP b
13 file * wav)
Freguenc: Other (Sound card)

B SDR= w1 MD10EE - I Imkalarce Gair = 0095 Phas= » 0.000° /

 Sio | [ATLS0R/LSE v| | Contigure

S NFM DI MM D58 Duss
WFM F DSB £ CWL 5 DL

Frequency 1521['1 3|433 1.-

Center 162,536,144 5
] Seett )
Filter type | Homn-Potsson -
Fiiter bandwsdth Filter onder
12000 s
Squelch Ol Shilt = 1 | l.
0 500 T TR O TS Y T W R R (TP I YT
E_E_F'Ei_’f ¥ |i|'h|' I“ 1[;"" |,|r'1|'l|'ﬂlllhr"-l I|‘ i"lllllllir' |HF“|I "Illlll ﬂ.ll Y IIJll""'llll.." "'!l II llllh‘lrlll-l flﬂllllﬂ lrwrl’ i1|il|l
Snaptogrid | | | 125kHe - |

YOU COULD USE THE SMALL VHF ANTENNA
SUPPLIED WITH YOUR DVB-T TUNER FOR TESTING
PURPOSES. HOWEVER FOR MEANINGFUL AIS
RECEPTION & DECODING PERFORMANCE YOU

WILL NEED A GOOD QUALITY PURPOSE-BUILT
ANTENNA WITH THE PROPER CABLES AND

IMPORTANT ~ CONNECTORS / ADAPTERS. REFER TO OUR
GUIDELINES
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12. The next step is to install the audio piping application (you can close SDR# for now).
We recommend using “VB_CABLE”, a free app that is tested and works well.

You can download it from here :

Afer instoling the YE-CABLE driver, o now Typical appioabon for Sha Virual Audio WELALIDIO introduces new closs of
playhack devics appaars in tha swio device Cablo & o roube your sound ioan sudio applicaions sndowsd with Virua Audio B0
kst and con bo ol s dofu devios softwmrn in order to moond ord anabyzs it aend thesn conaldernd s virunl auda sound
Enrd by B AR FyELAT
From whaieener nudio sources.

i:;ﬂ: =Nyl L:-‘#:i ‘;

T whalesar saetin safbmmn

7 Ausdio Denslty Dema (F
Standmlona Applicartion Using WB-CABLE
ool 5.1 mgrnd from DVD player nrsd maks 8

- supporting MME, DOCor WD Audio v kind of 30 read Sme mea s
Dy Drivers
CoeaaEE

7 VB-CABLE Driver (T [7 Voicemuater ks adovarksge of the
Virlual Audio MME, COC, WDIM Devios Driver VB-CABLE inchmalsgy o posver i fimt
[P, VESTA, WINT, WING 32084 bits). WVirtual Mixing Consoke for Windows

WB-CADLE can be vl oo deloull devicu, o T Sl

Ay Poguinr Audio devion. Ths Configuen snd [ Dl

Propertios buttons allow bo setup mulh PR o o vnionnlio Bl = [=——s

eharel foatund and davico seund qualty

= 5E v M i
d v o s LT UL 4
! a = ?
! e | Click on Donase bution o
ored et bevo mons virluel sudio devioos: I 2 =

VB-CABIEEALBI

Unzip the file in a folder anywhere on your hard drive and launch the setup program from there
(in administrator mode or the installation WILL fail!) :

VBCABLE_Setup.exe will install the driver on 32 bit Windows OS (will do nothing on 64 bit).

VBCABLE_Setup_x64.exe will install the driver on 64 bit Windows OS (will not run on 32 bit).

During installation, the setup application can be shown as “Not Responding” for a few seconds.
That's normal. Just wait and a dialog box will appear notifying you that the installation has finished:

o VB-Audio

moag-

Wincent Burml

B Jeon-Sylvain Lisegic

www.vb-cable.com

Ready w inmall 7 Click the bunon right there... .
it will install the VB.Audio Virtual Cable on your system.., I nSta" DrWEr
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e [—
#  VECABLE Installatio et S

Installation Complete and Successful !

Y¥ou might reboot your systemn to finalize installation

Reboot your PC for the changes to take effect.

13.You should now have 2 new audio devices in your “Sound Devices” panel in Windows.
A “CABLE Input” in playback tab and a “CABLE Output” in recording tab:

= NVIDLA HDMI Output [Port 0) Microphone

MVIDIA High Definition Audio

EkTOC ouwBeEanc

2- Creative 5B X-Fi
Etowpo

Microphone FP
2- Creative 5B X-Fi
EkTOC ouvEEanc

MVIDLA HDRAT Qutput (Port 1)
MVIDIA High Definition Audio B
EkTOC ouwBeEanc

MVIDIA High Definition Audio i Creative 5B X-Fi
Ektoc ouvEeong Etowo

m

“What U Hear”

NVIDIA HDMI Output (Port 3)

NVIDIA High Definition Audio 2- Creative SB X-Fi

"4
““!&J t
-
. Digital-In
MVIDIA HDMI Qutput (Port 2) w -
N,
‘“!&J

L Etx [
= EkTOC ouvEeon. ETouo
% CAELE Input CABLE Cutput
VB-Audio Virtual Cable VB-Audio Virtual Cable
= Mpoemhey LEVI TUTKELN . e Npoemhey LV TuTKEDn

Configure both to be your default audio devices. Under the “Advanced” tab, set the sampling rate
to 48000 Hz:

& CABLE Cutpat Propeties ==
Ganeral | Listen | Lesls | Achvanced
Defsull Formal

Silect EN® Lampae (818 Sl Bif RpEh 1o B Uted whsn numning
i ihared mode.

|2.amannrt, 16 ba, 4808 He [DVD Quaiiy) =]
1 channed, 16 bit, 44100 Mz )CD Chaality)

1 chisnined, 16 Bit, 45000 Mz [OVD Qualey]

1 chisnnel, 18 Bit, 5200 Wy (ltues Guaity)

1 channd, 16 bil, W00 Hr Sius Guality)

1 channel, 24 bit, 43100 Hr Sl Quality

1 channed, 24 bit, 48000 Hr Shedes Quality

1 chisningl, 2 Bit, SE000 M2 hedes Quaity)

3 ehmnnsd, 16 Bit, 44100 HE [C0 Chasln

2 channel 15 bit 435600 OWE Dhaaldy)

2 chunngd, 16 bit, 23200 Mz [Stues Quality L3

2 chanined, 16 bit, 56000 M Studio Quality)

J chisningl, 2 Bit, 49100 M2 (e Quality)

& ehasningl, D4 bit, 43000 HE CHedes Quality

2 shannel, 24 bif, P00 Hz [Ssses Quas)

| Regteed Delbuls |
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Also, in your SDR# folder, open sdrsharp.exe.config file in a text editor such as Notepad, and
ensure the key “minOutputSampleRate” has a value of 48000 such that the line reads as:

<add key="minOutputSampleRate” value="48000" />

SORSharp. e Config - Matepad oA ]
Filk Edt Fesmat Wiew Help
«7xm] version="1.0" encoding="utf-8" 7= &
ceonfigurations
<conf igSectionss
<section name="frontendPlugins” type="System.Configuration.NaseValueSectionHandler  System, Version=2.0.0.0, Culture=neutral,
Pub]'icmyTuken:b??aSE‘iﬁlﬂldeDBE" i=
«section name="sharpPlugins" type="System.Configuration.NamevalueSectionHandler,System, version=2.0.0.0, culture=neutral,
PublickeyToken=b77a5c561934089" /=
=feanfigiectionss |
zappSettings file=""x b
celear /=
<add key="ffroffser” values"-40.0" /=
<add key="automaticIfQBalancePrazsas” wvalue="3" /=
=add key="pllPhaseaAdiM” value="0.0" /=
<add key="pllPhaseadiB” value="-1.753" /=
<add key="deemphasisTime” value="30" />
zadd key="gradient”
value="420000, 750000, 9 0000 , 60000, FFO000, FEGDLE , FFFFO0, 16 90FF , 000091 , 000050 , 000030, 00020, 000000, 000000 , 000000, 00000 /=
cadd keys"ipectrumanalyrerGradient” values"FFFFFF , ADDEES, 1E BQHF,QMDN,QEIODGD" f=
<gdd key="gpectruminalyzerolor” value="FFFFFF" /=
<add key:"f'i1'I£Eectruml.nal~,-'zer" value="yag" /=
<add key="funcubeFrequencyCorrection” value="=21.0" /=
<add key="softrockFrequencyMultiplier” value="4" /=
<add key="RTLBufferLength" value="16384" /»
add kay="min0u 7 :
add key="rimestampInterval” value="100"
<add key="soRIOReadslockCount” values"1" /=
<gdd key="SDRIGOutFifollockCount” value="0" /=
<add key="scanMzPauze” value="100" /=
<add key="fregMgréroupswindow” value="300, 300|100,100" /=
<add key="fregMgreérowsewindow” value="832 534|136, 349" />
<add key="fregMgriEditWindow" value="480,5041149, 345" 2
<add key="fregMgrerowsel iveTrack” value="False” /=
<add keys"freqgugrirowsecolumnstontig”
wvaTues"anEaanny /f L AAAAAAAAAAMA ESTRF JTaGFycC SGomyx deﬁﬂ.cl'swx;lxawgup TEWCA Oz I 0L § TyMoa2LCBDdwx0d ) TPw5 1 dxiy vwes IFB L vmxp vl 1 evity
a2VuPW3 lbGwE AQAAATOBU I T 2dGvtLkMvbGx 1 IRph2 S zL kd 1 bmyaWMu TG | zdGAxWLtTRF ITaGF yvel 5 GemyixTWdyL kMvBE TuZmBs IFNEU THaY M Jwlk Zy ZNFNZITsIF 2T el
ph24 DMsdwl O IM JOuM j IwNDYs TENLBHR LemU Sbmy LdH IhbCwgUHvi bGT 35 2vEWVGEE r 2wl Sbmvs bF Ld AwaaasZ Faxi 1 bxMF K3NgEmUIK3Z1cHpr24 EAsAaUDRSUZRhenAuRn
JculnciiobZxdl LD AT A D AWAAE LA AN AAAABWM A AAAAD AAAC AMAMAE GFNEL TNOYX IWLE 2y ZXFNZ STu02 9= 5w mbwI AAsA ] BAAMAAKF AAAACDYAMAANTEWALA
AkTAAAACOKAAAAICgAAAAKL AAAACOWAAAS IDDAAAAKDAAAAM 08 AAAA TE AAAAAKRAAAACRT AAAATE W UMRUMJFQMMMMWEWG’hEU1NG
W vl b 2y TRFNT 3Tul 905 5w mbwMAAAAVPE Shbwy
+al9fomE ja2 TuZ02p DwxkF §x 1beR 1 05 e X190 v rawSnim] 1bGoweF dpZHioPmt FX0Ihv 2 tpbadGawys ZAE AaagT AgAsaayZasanak Tk AAAAAGIAAAABEOAAAAMIAAAAGGY
Anan ] Gemvxdwvuy SkBasLAT AMAAAE GAAAABAAAAAYDAAAABKN ThnR 1 coT AAABKAAAAAGC AAAAE AaAARFmAALAL RGYVEY 3 IpcHRph 24 DasAAL AR AAAE TasaARlALALA Y dasAAR
E 1w ZGUE AAAA T AAAAAE 1AAAABAAAAAY EAAMAC FByh IRy Y2 38 BOAAAGRAAAABC GAAAATAAAAG HwAAAA] mm:er?H GAMAAZAAMAAE L AdAAB AR AT gAAAAB TN T cnZpY 2UH
A T A A E M AAAAR AAAAAY i AAAB K dyb TVeewgAs A Bk AAMAATDAAAAE AAAAR § TAAAANUZhp ZndgRW i hms ] Zak sl kAas AT AAAAE AMAME TMAAAAF U2 Ip 2 KAAAAZ A
AMAE PAAAAEAAAAAYRAAAAC D ZpbHR ] €1 BUeXE T CwWAAAGIAAMARE ASAAADALAAG IAAABRGAWK D ZXT gleF uZHdp ZHRoDAAAAGAAMARE QAAAADAAANG T gAsAANCAWD ZNIQTS -

Save your changes and close Notepad.

14. Run SDR# and select “CABLE Input” in the audio output drop-down list.

Tune to one of the AIS frequencies (161.975 MHz or 162.025 MHz). In SDR# the signals may not
appear exactly in the dialed-in values, since the RTL-SDR method is not extremely accurate due
to the quality of the hardware used (cheap DVB-T sticks are inferior to purpose-built receiver
systems).

You need to choose one of the AIS frequencies and tune in to it - try the one with the less
interference and stronger signal in your area. Play with the RF gain (press the “Configure” gear
button to access it) until you get good and clear packet reception.

Try to adjust it in such a way that the signal is strong but the noise floor is low:
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SDR# Main Program Window

Tune & Waterfall view of AIS packets
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Set the receive mode to “NFM”, bandwidth to “12.5 KHz" (or “25 KHZz" since some AIS broadcasts
use a larger bandwidth signal), filter order to “10”, filter audio to “OFF” and squelch to “OFF".

15. Now that you have properly set-up the AlS reception, the next (and final) task is to configure
the actual AIS decoding software to accept, decode and forward the AIS data to MarineTraffic.
As mentioned before, there are two alternatives to choose from: AISMon & Shipploter.

The first one is free and allows for data forwarding only, while the second one isn't (it offers a 21
day trial period though) but it allows for local contact plotting and has some other nice features.
Since the scope of the guide is to keep the implementation cost of SDR AIS decoding to

a minimum, it makes sense to focus on AISMon. The procedure, however, is not that different for
both programs and is almost identical to our existing setup guides found here and here with the
sole exception of the audio source input selected.

SEND DECODED AIS DATATO MT USING AISMON:

* First of all download AISMon from here.

« Save the file on your Desktop. When the download has finished, double click on the installer
file. Allow for elevated rights if asked.

*  When the installation has finished run the “AlSMon" application by double clicking on the
icon created on your Desktop.

The program window will be displayed:

) AlSMon 2.2.0 =8l x |

Processing Options Demodulator Counts Mezzage Dz
1.2.3
| Walid: 18.1%
m—— Errars: o4
eplay . :
I Owerruns: Other:

Audia [nput Options Lewvel

i Digital-ln [Creative SB *-Fi] -

Sampling Rate: ) 44100 @ 42000

[7] Monitor audic input and minimize to system tray at startup

COutput Options
Ser Qutput Pt Bauckste: 4300~
[] Logfile Output— Mame:  C:WAISKorhAlSonlog |

ﬂ;ﬁ — A
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If you haven’t done this already, please visit the
MarineTraffic website (
and register yourself by creating a New Account.
Upon registration, sign-in to your account (top right
corner) and click on My Account > My Stations > Add
Receiving Station to add your Station to the Marine-
® Traffic Network.

IMPORTANT  This way, you will get a new Station ID and a unique

Port Number to send your data to.

* Make sure you select the correct audio input in the “Audio Device” menu.
You should select “CABLE Output” and also select 48000Hz as your sampling rate:

Procezsing Ophionz Dremodulator Counts Mezzage D=

- . 1.2, 3
W alid: 18,19
Errarg:

Replay File Overuns: I:Ith2:rf

Level

Audio Devies  CABLE OUTPUT

ling Rate: ) 44100 i@ 48000

COutput O ptions

Serial Output Part: Baudrate: (#2800 =

[ Logfle Output ~ Mame:  CAISMontAlSHan.lag al

[CJUDP Qutput 1P:Port:

+ Tick the “UDP Output” checkbox and enter MarineTraffic homepage's IP and your unique
port number separated by a colon as shown below:
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B AlSMon 2.2.0

Proceszzing Options Demodulator Counts tezzage D=

1,23
Start b onitaring Suncs: 5

=

18,15
24
Qther:

Errorz:

Replay File Overmuns:

Audio Input Optionz Lewvel

Audio Device:  CABLE OUTPUT

Sampling Rate: () 44100 @ 42000

[¥]#Moritar audio input and minimize to spstem tray at startup

Output Options

Serial Output Part: Baudate: (4800 =

[ Logfile Output— Mame:  C:%8I5KMonhAlSMon.log = |

DP Output{  IP:Port. 5.9.207.224:5321

+ Click the “Start Monitoring” button to allow AIS data packets to flow from SDR# to the
“dummy” audio input port. Make sure your audio levels are preferably in the middle for optimal
operation.

Level

| Start bonitaring |

Feplan File

* You should now see data packets being received and decoded:

risHonAis_L_L8_Srippetwav (=] 1[50

D ermodulator Caunt: tezzage (D
Suncs 103 ks g Hé
" alid: 93 96X )
* Tl
Ermors: 4. 4%
Owerruns: %
i Other: 2
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+ Finally visit your station's statistics page and make sure your station status is “ONLINE”
(it may take a few minutes for that to happen):

Current Status & Statistics
Status

100% (2159 hours online / 2161 total
Availability ( hours)

Reception distance in nautical

- Average: 9.2 / Max: 32.9
miles

Distinct Vessels: 219 / Positions:

Records received in 1 hour e

Area Covered 3321 km?

That's it!
You are now sharing your data with us.

We sincerely appreciate your contribution to our site and your
help to expand our services and coverage.

MarineTraffic




