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Basic’s to decoding Inmarsat L-Band signals using the RSP
CHECK YOUR LOCAL LAWS BEFORE DECODIING ANY SIGNALS FROM THE INMARSAT SYSTEM

Hardware used

SDR: RSP1a SDR from SDRplay
https://www.sdrplay.com/rspla/

Antenna: Modified GPS patch antenna for L-Band from SDR-Kits, model A154.
https://www.sdr-kits.net/L-Band-Receive%20Antenna

SDR-Kits.net
L-Band Antenna
Model A154
1535 MHz -1550 MHz
IMA plug 5Sm cable NF=2d
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Software used

SDRuno v1.32
https://www.sdrplay.com/downloads/
VBcable (Donationware) vPack43
https://www.vb-audio.com/Cable/

VAC (Paid for use) v4.60
https://vac.muzychenko.net/en/

JAERO (Free) v1.0.4.9
https://github.com/jontio/JAERO/releases
Tekmanoid STD-C Decoder (Paid for use) v1.5.1
Requires Java JRE, check your local laws before using this decoder.
http://www.tekmanoid.com/egc.shtml
https://www.java.com/en/download/

Introduction
(some text taken and edited from the RTL-SDR Blog website)

This document is not a definitive guide to Satcom, L-Band transmission or the Inmarsat system.
This is a collection of information that | have found scatter throughout the internet and re-
compiled into a document, this document. My aim is to help you get started and hopefully
guide you in the right direction. Expect typographical mistakes, inaccuracies, or omissions
Inmarsat is a communications service provider with several geostationary satellites in orbit.
Inmarsat provides services such as satellite phone communications, broadband internet, and
short text and data messaging services. Geostationary means that the Inmarsat satellites are in
a fixed position in the sky and do not move.

The Inmarsat 3-F(x) satellites have transponders transmitting data in L-Band (1.5 GHz) that can
be decoded.

The modes we will cover in this document are Aeronautical (Classic Aero or ACARS) and
Inmarsat-C (STD-C) using an RSP1a, RSP2/2pro or RSPduo connected to the SDR-Kits modified L-
Band patch antenna. The Inmarsat system is not limited to only these types of networks. We
are limited to the decoders available.

https://en.wikipedia.org/wiki/Inmarsat

Some regions that use the I-3 satellite services moved and migrated to the Inmarsat I-4
Satellites. See the following document. https://www.inmarsat.com/wp-
content/uploads/2018/09/INM_C 13 14 _migration_guide V3.0.pdf

Two of the most popular decoding applications are JAERO used for ACARS and Tekmanoid STD-
C Decoder used for decoding STD-C NCS transmissions on the Inmarsat 3-F(x) satellites
https://www.sigidwiki.com/wiki/Inmarsat _Aero

https://www.sigidwiki.com/wiki/Inmarsat-C TDM
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Software installation

Virtual Audio Cable: A virtual audio cable allows you to pipe audio from application (SDRuno)
into another application (a decoder like JAERO) digitally. | will assume SDRuno is already
installed with your device attached and functioning properly.

You can now download a virtual audio cable package. If you already have a virtual audio cable
package installed, you can skip to the next section. If you don’t have a virtual audio cable
application installed, you only need to choose one and only install one of the two, either one
works fine

Close any running apps, install the virtual audio cable and reboot your computer. When your
computer boots back to your desktop, your computer will now have a virtual audio cable pair
installed on the system.

[E2 All Control Panel items - o x
4 [2 > Control Panel > All Control Panel ltems > v O | Search Control Panel »
Adjust your computer’s settings by: Larg -
4, Backup and Restore )
Administrative Tools [y Avtortay 3 B % sittocker Drive Encryption 5 Color Management
=] Y ¥ (Windows 7) % P ) 9
Bl Credential Manager 2 Date and Time Tg Default Programs A Device Manager = Devices and Printers
@ Eose of Access center ] File Explarer Options & File History Flash Player (32-bit) A Fonts
O - Intel ® PROSet/Wireless 1 { Mail (Microsoft Outlook
2 Indexing Options i Internet Options <« Keyboard v (a2 b
&» Mouse i Vg::\:g:rrkavdSmrng B2 nvipia control Panel £ Phone and Modem ‘1@ Power Options
. . : ) RemoteApp and Desktop , )
6] Programs and Features J;g Recovery f’ Region [’;: Connections ﬁ’v Security and Maintenance
§ Speech Recogrition g sionge spacs @ smecenr B system
3 Windows Defender o=
H Taskbar and Navigation Troubleshootin User Accounts . #52 Windows To Go
lj_, 9 9 8 Firewall L

Yamaha Steinberg USB

@ WorkFolders e

You can verify by going to your Control Panel and double clicking the Sound icon. VB-Cable and
Virtual Audio Cable will only install a single virtual audio cable pair, one is for the input
(Recording) and one is for the output (Playback). A single pair is all that is needed (as shown

9 Sound s 3 Sound X
Playback Recording Sounds Communications Playback Recording Sounds  Communications
Select a playback device below to modify its settings: Select a recording device below to modify its settings:

\:me N Line
. 2- Steinberg URZZmidl - 2 Steinberg URZ2mkll
Defauit Device Default Communications Device
Line 1 Line 1
? Virtual Audio Cable H - Virtual Audio Cable
& i
Ready i °% Default Device

Configure Set Default |* | Properties Configure Set Default |¥| | Properties

Cancel Apoly Cancel oy
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JAERO

(some text taken and edited from the JAERO website)

G £ 3
. o AES REG First heard Last heard Count Message count Notes
REe  oKeR . " .
First 19-01-
fact 19701
s
ot
Database

User_data_ISU RLS_P_T_channel L
4 0x71 0x7C O0xF8 0x6B 0x82 0x75 0x03 0x10 OxFF O0xFF rec = 1CB1 calc = 1CB1 OK
User_data_ISU RLS_P_T_channel

2 0x14 0xB87 0xC8 0x22 0x82 0x00 0x00 0x00 0x00 0x00 rec = F6EO calc = F6EQ OK
Log_control P channel log on_interrogation b

5. SOUTHBOUND DEP FREQ 4
128. 1.

INFORM TAIPEI APCH OR TAIPEI TOWER ON

INITIAL CONTACT

YOU HAVE INFORMATION A

97D8

14:37:43 04-12-15 AES:7C6BC3 GES:82 2 .VH-VKL ! A6 J

BNECAYA. ADS. VH-VEL080213274226DE140A24C986

il
1600

) volune () Signal () Data Speed (600 bps ¥ | Locking (300 Hz ¥ | [AFC on ¥ | Display [Constellation™ |

Freq: 1355.85Hz  EbNo: 22dB

JAERO is a program that decodes ACARS (Aircraft Communications Addressing and Reporting
System) messages sent by satellites (in this case Inmarsat) to Airplanes (SatCom ACARS). This is
commonly used when airplanes are well beyond VHF range.

JAERO also allows for decoding and demodulation of voice calls, due to local laws and privacy, |
will not show or discuss how to do this. You can find more information about that JAERO
feature online.

JAERO can be downloaded from the link provided on the first page of this document. After
downloading the installer, simply double click the setup file and install it on your primary drive.
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Tekmanoid STD-C Decoder

(some text taken and edited from the USA-Satcoms website)

Packet

FrameN¢ 5118
QceanReg AORE
LostFrames 0 i Chamnel 144

Volume: GoonFeames
Signat X

Quity
SYNC

LESESCQ 4101 ChannelType KCS
Bitea
SRC — System Time 121659

Terminal €60

Date

Map Satellite

Edinburgh

bow

United
Kingdom '

Leeds +
99 .

Google

Inmarsat STD-C is a data or message-based system used mostly by maritime operators. An
Inmarsat C terminal transmits and receives on L-Band to various geosynchronous satellites that
service each major ocean region.

The Tekmanoid STD-C decoder will decode STD-C Inmarsat EGC (enhanced group call) and LES
(land earth station) messages. Some of these messages contain private information. Reception
of these messages may not be legal in your country; therefore, your local laws should be
checked.

The Enhanced Group Call (EGC) service is a message broadcast service with global coverage
(except the poles) within the Inmarsat-C communications system. Two of the services provided
are:

FleetNET and SafetyNET

FleetNET is used to send commercial messages to individuals or groups of subscribers (for
example, individual companies communicating with their own Mobile Earth Stations (MES).
SafetyNET is used for broadcasting Maritime Safety Information (MSI) such as Navigational
warnings, meteorological warnings, meteorological forecasts and other safety related
information (including Distress Alert Relays) from official sources.
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I

Statistics Packet

FrameNr 8056
Volume Good Frames. O Ri AORE
: | cean Reg
Smn.al CostErames { : . 7 Channel 112
Quality —— ¥ ChannelType TDM
Bytes 103

System Time 19:20:03:

SYNC
CRC Messages

Terminal | EGC

Date
2017112122

s calling to TURKISH

201712122
2017112122
2017112122
2017112122
2017112122

The LES station acts as an interface (or gateway) between the Inmarsat space segment and the
national/international telecommunications networks.

The Tekmanoid STD-C decoder requires Java JRE in order to run. The link for the Java runtime

environment is on page 2 of this document. For information contact the developer direct
admin@tekmanoid.com

Packet

§ Frame Nr 4705
i Good Frames .

signal OceanReg AORE
- LostFrames 5 : Channel 144
Quall 4

S LES[EGCQ ChannelType NCS
Bytes 68
System Time 11:17:31

SYNC
cRe Messages

Terminal ' EGC | LES

There are alternatives to using the Tekmanoid STD-C decoder, but in my opinion the other
decoders available do not perform as well on low end systems or even work without needing
“helper” applications to be installed. Tekmanoid STD-C decoder is very easy to use and works
great on my low-end system using minimal system resources.
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Putting all the pieces together

ACARS and STD-C messages will transmit via the Inmarsat satellite deployed within your
coverage area/region, you will need to choose the Inmarsat satellite that is closest to your
coverage area.

Note that only different frequencies are used between ACARS transmissions and STD-C
transmissions. You will only need to receive from one of the available 3-F(x) Inmarsat satellites.
L-Band ACARS transmissions are in the 1.545 GHz range but STD-C messages are on fixed
frequencies (shown on page 8)

vis2 [} ; MCTR 0-80 STl soRuno [sDRuno suxse  [EiEPS

0 (o] [Con ] [

an 17 KHz FFT 1024 Pts RBW 23.44 Hz Marks 500 H

acc =
e ——— -+ | NG| L
Workspace 1 vowne N | [ e | [siow] w2 Clear Enter

2] = B E PWR & SNR TO CSV SDAUNG  MAIN SP.

Lband.s1b Frequency s Mode
1545044500 Y  DIGITAL
4 1545060000 Y DIGITAL
1545064000 Y  DIGITAL
1545085000 Y  DIGITAL

S 12345 678 0 +10 +20 430 +40 450 460
-107.9dBm  SNR: 8.5 dB.

Span 250 KHz FFT 16384 Pts RBW

1545160 15 1545200

< zo0M> VRO < mew > i S

ey 11:51 AM
~B& 8/14/2019 E'

Since STD-C transmissions are broadcasted on fixed frequencies, we want to monitor the TDM
NCSC channel, again these are fixed for the following Ocean Regions. Choose the region closest
to your location (page 9).

Again, some regions that use the I-3 satellite services moved and migrated to the Inmarsat I-4
Satellites. See the following document. https://www.inmarsat.com/wp-
content/uploads/2018/09/INM C 13 14 migration guide V3.0.pdf
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50 ' a0 140

Inmarsat-4 F3 98° West D Inmarsat-3 FS 54° West D Inmarsat-4 AF125° East . Inmarsat-4 F1143.5° East
J

STD-C transmissions are broadcasted on fixed frequencies, NCSC channel. The NCSC frequency
per region is noted below.

Inmarsat satellite: Inmarsat-4 F3 (AOR-W)
Direction: 98° West

Frequency: 1.537.70 GHz

Inmarsat satellite: Inmarsat-3 F5 (AOR-E)
Direction: 54° West

Frequency: 1.541.45 GHz

Inmarsat satellite: Inmarsat-4 F1 (IOR)
Direction: 25° East

Frequency: 1.537.10 GHz

Inmarsat satellite: Inmarsat-4 F1 (POR)
Direction: 143.5° East

Frequency: 1.541.45 GHz

www.sdrplay.com 8
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I will assume you have located the Inmarsat satellite that covers your region. | suggest using a
compass on your mobile phone to pinpoint the general direction. The direction is in ° (degrees).
I am referencing true north, not magnetitic north (traditional analog compass).
https://en.wikipedia.org/wiki/Magnetic declination

You can also download an app for your smartphone called Satellite AR (Android and 10S). After
you locate the correct direction of the Inmarsat satellite, you will want to place the L-Band
patch on a flat metal surface. | have read that the receive pattern of this patch antenna is z
(about 85-90°, straight up). Point the top of the antenna facing the Inmarsat satellite. Using the
roof of my car worked just fine, just remember to point the front of the antenna at the satellite.

https://www.u-blox.com/sites/default/files/products/documents/GPS-
Antenna AppNote %28GPS-X-08014%29.pdf

FRONT
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Launch SDRuno and click the PLAY button, remember that if the RSP(x) is in ZERO IF mode, give
frequency separation between the VFO (top frequency) and LO (bottom frequency). In LOW IF

mode this is not needed. | suggest running a sample rate of 2 MHz, larger bandwidths are not
needed.

= swnaswmocs

1 2345 678 9 +10 +20 +30 +40 +60 +60
14.6 dBm SNR: —dB

The SDR-Kits patch antenna requires that the RSP(x) Bias-T be enabled. The Bias-T option is
enabled within the MAIN panel of SDRuno. See the SDRuno manual located here.
https://www.sdrplay.com/docs/SDRplay SDRuno User Manual.pdf view page 17.

With the Bias-T enabled. Set the RSP(x) RF GAIN to max. The RF GAIN slider is located on the
MAIN panel. See the SDRuno manual located here.

https://www.sdrplay.com/docs/SDRplay SDRuno User Manual.pdf view page 17.

For more information about the RF GAIN settings of the RSP(x)
https://www.sdrplay.com/wp-content/uploads/2018/06/Gain and AGC in SDRuno.pdf

www.sdrplay.com 10
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Select the Virtual audio cable as the output in SDRuno, this is selected via the RX Control panel.
SETT. button and clicking on the OUT tab.

FILTER N8 NOTCH -

- Line 1 (Virtual Audio Cable]
---- Al = e
E=l [(we | EEEIE [wens |

-130 4B y 7 Lock Output Fractional Resampler
[ ] - [(FasT] Enable Audio Limiters
AL —

SET. RDSW | BXW RSYNI | mcrs

STEP: - o

et q n '-' '-' 107.9 dBm)
l PO Ry o '_l U l'_lLl

VFO - QM FM MODE CW oP FILTER NOTCH
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Y — N | >, Clear Enter

Upper sideband is recommended but | found the best mode to use for L-Band ACARS or L-Band

STD-C decoding is DIGITAL with a fllter W|dth of 3k.

0-00]= X
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— e —
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Be sure to set a proper step size (right click the RX Control frequency readout). The step size is
not important for STD-C transmissions because these signals are only on one frequency for the
satellite in your region but L-Band ACARS signals will be on many frequencies. Setting the
proper step size will avoid issues when you point and click on signals you want to decode using
the JAERO decoder.

Tuning Step
1Hz

10 Hz
50 Hz
100 Hz
250 Hz
500 Hz
1kHz

5 kHz
6.25 kHz
833 kHz
9 kHz
10 kHz
12.5kHz
15 kHz
20 kHz
25 kHz
50 kHz
100 kHz
200 kHz
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You will want to center the signal with a little breathing room within the AUX SP filter passband.
The filter slopes are very sharp. Keep the signal centered and away from the extreme edges

(red markers).
] : 0-00 L | o | EORETIITTN | - %
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Select your virtual audio cable within the decoder’s audio input preferences.

The Tekmanoid STD-C decoder sound properties are located under Settings in the toolbar

menu.
¥ o 530 - tekma a]

Terminal [EGC" [LES

Select Sound Input X

CABLE Output (VB-Audio Virtual

JAERO's sound settings is located under the Tools menu and Settings.

- 0 2 Settings ? b5

\i ™ 9 ‘,)) Decoding  Log Window
Do ot display SU types

Sus ACARS  Cchannelinfo
26 0A C000 14 16

ACARS vindow
Format |3 v [ Orop non text messages

] Beep on multi ine text message

[ Output to UDP [localnost: 18765
ADS data output
[ Enable BaseStation format 0.0.0.0:30003
Jen
Logging

Directory. fers KDKOG/AppatalLocal/JAERO/logs| (] Enable

Database

Directory |C:/Users/KD2KOG/AppData/Local/JAERO fplanes
URL |https:/fjunzisun. com/adb/download

(U Dowrload
Soundcard
. ‘ (CABLE Output (VB-Audo Virtual Cabie) ~ ! T
800 1600 4300 5600
] Enable widebandwidth (CPU intensive)
@ vome @ sl @ vata 00 bps | Loding [900Hz | [AFCon v| Dispay [Constellaton

Freg: 1124.82 00dB
3
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For JAERO decoding, | suggest you start in the 1.545 GHz portion and observe the constellation
in the JAERO decoder.

The signal to noise ratio (SNR) needed for successful decoding in these decoders will need to be
greater than 7dB. When working with a weak satellite signals, try decimating the signal using
SDRuno’s decimation feature. (MAIN panel, DEC).

https://youtu.be/zcs7qwi1gEDI

Additional resources
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Videos
https://youtu.be/NWyYVOdlkoU
https://youtu.be/uh7ZJDnORus
https://youtu.be/mRXWhk9Gflg
https://youtu.be/pp0JxIpN4XA

SDRuno L-band frequency bank
https://mega.nz/#!jRFRiSaA!CcmRRRpjToxPzyGV9Ibf7MkDkKngCYZCwwiC5curWj6g

PDFs:

https://www.inmarsat.com/wp-

content/uploads/2018/08/Aero Service External Com Kit I3 to 14 Transition 21AUG2018.p
df

http://seaworm.narod.ru/12/Inmarsat Maritime Handbook.pdf

Websites
https://usa-satcom.com/
https://uhf-satcom.com/

| hope this document helps you get started in decoding Inmarsat L-Band transmissions from the
I3-F(x) satellites. | am sure | missed some key features, remember this is only a primer/basics to
decoding these types of transmissions.

Warmest of 73,
Mike-KD2KOG

SDRPlay modules use a Mirics chipset and software. The information supplied hereunder is provided to you by SDRPlay under license
from Mirics. Mirics hereby grants you a perpetual, worldwide, royalty free license to use the information herein for the purpose of
designing software that utilizes SDRPlay modules, under the following conditions:

There are no express or implied copyright licenses granted hereunder to design or fabricate any integrated circuits or integrated circuits
based on the information in this document. Mirics reserves the right to make changes without further notice to any of its products. Mirics
makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does Mirics
assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including
without limitation consequential or incidental damages. Typical parameters that may be provided in Mirics data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters must be
validated for each customer application by the buyer’s technical experts. SDRPIlay and Mirics products are not designed, intended, or
authorized for use as components in systems intended for surgical implant into the body, or other applications intended to support or
sustain life, or for any other application in which the failure of the Mirics product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SDRPIlay or Mirics products for any such unintended or unauthorized application, Buyer shall
indemnify and hold both SDRPIlay and Mirics and their officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or
death associated with such unintended or unauthorized use, even if such claim alleges that either SDRPIlay or Mirics were negligent
regarding the design or manufacture of the part. Mirics FlexiRFTM, Mirics FlexiTVTM and MiricsTM are trademarks of Mirics .

SDRPIlay is the trading name of SDRPIlay Limited a company registered in England # 09035244.

Mirics is the trading name of Mirics Limited a company registered in England # 05046393
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