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The Iridium spectrum. The image below was obtained running SDRSharp over a 24h interval. 
 

 
Fig 1: 24h outdoors Iridium spectrum in SDRSharp using Nooelec Iridium patch antenna and Nooelec 
SAWBird+IR LNA. The signal is brought indoors through a cable having ~5dB loss. 
 
 
1. How to test? 

 
We would like to be able to determine how well the Nooelec iridium antenna is performing, 
however we do not have a baseline or comparison for our tests. The spectrum, the software used, 
the fact that the satellite signal increases and fades as the satellites are passing by, the fact that 
some SDR receivers can only receive some part of the spectrum at any given moment are just of the 
few of the factors. Also, how good a signal must be in orders to be decoded by the existing hobbyist 
software and how well the Nooelec antenna is able to receive the signal? Can the signal be received 
indoors or only outdoors? Does the antenna perform better in a particular orientation? 
 
Will try to find the answer to these questions in the below report. 

 
 
2. Identifying the signal 
 

There are various sources available: Wikipedia, signal wiki, the YouTube videos made by the authors 
of amateur decoding software, various commercial Iridium receiver documentation, and more.  

 
http://www.decodesystems.com/iridium.html 
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Iridium uses a Frequency Division Multiple Access/Time Division Multiple Access (FDMA/TDMA) 
scheme for communication using DQPSK modulation at 2400 bits per second. The service subscriber 
links are in L-band between 1616 and 1626.5 MHz and these are the frequencies of interest to us. 
See Fig 1. 
 
Each satellite provides 48 individual spot beams. This provides a total of 1628 cells, with each cell 
covering about 30 mile footprint. Each cell has 174 full-duplex voice channels (there are 283,272 
channels worldwide). 
 
The Iridium incorporates a 2.4 kbps Advanced Multi-Band Excitation (AMBE) vocoder developed by 
Digital Voice System Inc. (DVSI). This vocoder is tailored to the Iridium communication channel. 

 
The uplink and downlink traffic channels use identical burst structures. 
 

Purpose   Bits 

Preamble and Link Control  102 

Iridium Radio Link Protocol (IRLP) 

(includes 24-bit Frame Check Sequence) 
 56 

Iridium Layer 2 Relay (I-L2R)  8 

User Payload  248 

---  --- 

Total Bits  414 

 
All data is transmitted at 50 kbps, so an 8.28 ms frame transfers 414 bits. 
 
To receive the signal an RHCP-Iridium (or a GPS/RHCP-Inmarsat) antenna is needed. 

 
 
3. Setting up the test environment 

 
The first step was to come up with the simplest setup that would allow some receiving of Iridium 
signals. At this point I was using equipment that was not purposely made for Iridium. 
 
Following the videos at: 
https://www.youtube.com/watch?v=6ngYp8W-AX0 
https://www.youtube.com/watch?v=mqJ9zBzCebk 
https://www.youtube.com/watch?v=JhJT7Cvh6NE 
 
 
I was able to make the following setup consisting of a homemade Inmarsat-C air gap patch antenna 
+ Nooelec Wideband LNA + HackRF One: 

 

https://www.youtube.com/watch?v=6ngYp8W-AX0
https://www.youtube.com/watch?v=mqJ9zBzCebk
https://www.youtube.com/watch?v=JhJT7Cvh6NE
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Fig 3.1: Iridium setup for a homemade Inmarsat-C air gap patch antenna + Nooelec Wideband LNA + 
HackRF One 

 
On SDRSharp this gives us the following spectrum: 
 

 
Fig 3.2: Indoors Iridium spectrum for a homemade Inmarsat-C air gap patch antenna + Nooelec 
Wideband LNA + HackRF One 

 
Meanwhile a PC with the following capabilities was chosen to run the Iridium decoder software: 
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Architecture:        x86_64 

CPU(s):              8 

Model name:          Intel(R) Core(TM) i7-4810MQ CPU @ 2.80GHz 

L1d cache:           32K 

L1i cache:           32K 

L2 cache:            256K 

L3 cache:            6144K 

 

Description:         Ubuntu 18.04.3 LTS 

Codename:            bionic 

 
This allows the software to run at full speed real-time covering the entire Iridium band. 
 
The software used is: 
https://github.com/muccc/gr-iridium (burst detector and decoder) 
https://github.com/muccc/iridium-toolkit (signal parsers) 

  
 
4. Considerations 
 

• The satellites are continuously moving and overlapping; 

• The received signal from the Iridium fleet varies with geolocation, satellite age and capabilities, 
interference and propagation conditions. 

• For the hobbyist the decoding software at this point in time is pretty much the same and I would 
consider receivers as having similar sensitivity characteristics. 
 

Based on the above, the things that could make the biggest difference are: 
 
a) The antenna 
b) The LNA 
c) Indoor or outdoor usage 
d) Cable loss. 

 
Below we have the following setup: Nooelec Iridium patch antenna + Nooelec SAWBird+IR + HackRF 
One: 

 

https://github.com/muccc/gr-iridium
https://github.com/muccc/iridium-toolkit
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Fig 4.1: Iridium setup for Nooelec Iridium patch antenna + Nooelec SAWBird+IR + HackRF One 

 
Which again, using SDRSharp gives us the spectrum below: 

 

 
Fig 4.2: Indoor iridium spectrum for Nooelec Iridium patch antenna + Nooelec SAWBird+IR + HackRF 
One 

 
Just by visually comparing Fig3.2 with Fig4.2 we can see a big difference, where the signal in Fig3.2 is 
considerably less than the one in Fig4.2. 

 
 
5. Tests 

 
The following tests were performed outdoors with a setup of Nooelec Iridium patch antenna + 
Nooelec SAWBird+IR + HackRF One + SDRSharp. 
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5.1. Positioning outdoors 
 
Although the below measurements and images do not give a clear representation of the quality of 
the antenna, nonetheless they indicate the Nooelec Iridium patch is most sufficient for a good 
reception indoors and outdoors. 
 
For a north or south orientation, if we set the SDRSharp spectrum for the minimum S-Delay, a 
vertical antenna gives a slightly better signal (within 5dB). I believe this has to do with the incident 
angle of the signal hitting the antenna which makes it behave like a high gain directional antenna. A 
flat positioning still is recommended as it will take care of the passing above the measuring location 
to the other side of the antenna.  

  
Antenna flat - south - outside: 

 

 
 
 
Antenna vertical - south - outside: 
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Antenna flat - east - outside: 
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Antenna vertical - east - outside: 

 
Picture missing for antenna vertical east – please infer! 

 
Antenna flat - north -outside: 
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Antenna vertical - north - outside: 
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5.2. Positioning indoors 
 

 
 
The room in which the testing was performed faces south. I have found that I achieve the best 
reception by fixing the antenna flat to the window with tape. This might or might not work so well 
based on the composition of the glass, my windows seem to be very permeable to radio signals. 
 

 
5.3. Software 

  
The software used comes from the open source gr-iridium and the iridium-toolkit projects. The gr-
iridium outputs raw bits and the iridium-toolkit presents tools to analyze and decode these raw bits. 
 
Although the software is meant for offline decoding, a bit of Linux piping allows for a real-time 
display of the received satellites and their data. There is however no immediate correlation between 
the sat receiving data from and the sat indicated by the tracker at gsattrack.com: 
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https://www.gsat.us/tools/iridium-satellite-location-map-tool 
 

 
 
This presents however an interesting avenue to explore into making a real-time decoder. 

 
The report focuses on the receiving of the raw data, and leaves out the details of setting up the 
decoding software and Iridium data analysis tools.  
 
 
5.4. Antenna measurements 
 
The signal comes in bursts of different powers and it is spread all over the Iridium band. We can look 
at spectrum and compare, however a better method is to analyze the received data. 
 
The received data looks like this: 
 

 
 
https://www.youtube.com/watch?v=JhJT7Cvh6NE 
 
Because the data comes in bursts, it would be nice to be able to eliminate the time from analysis. 
Also, because the bursts are spread, it would be nice to be able to minimize the chance of missing 
the frequencies in use at the time of measurement. 
 
In order to eliminate the time, I decided to compare the histograms of Confidence (how well the 
burst was decoded or not) over a large sample of data. I am assuming a poor burst is one in which 
the Confidence is low, one in which we’re not very sure if the bits received are the bits that were 
transmitted. 

https://www.gsat.us/tools/iridium-satellite-location-map-tool
https://www.youtube.com/watch?v=JhJT7Cvh6NE
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In order to minimize the chance of missing the transmitting frequencies I decided to collect over the 
entire spectrum. Parts of the spectrum have by design a higher power. 

 
I will use the Inmarsat-C homemade antenna, the Nooelec Iridium patch and the HackRF One 
receiver. Indoors and outdoors. Also will account for the amount of data received. 
 
Each data sample is collected over 1h. 
 
The Iridium patch antenna is set vertical indoors and flat outdoors facing south: 
  

 
Fig 5.4.1: Confidence histogram for 115,249 Iridium frames collected with Nooelec Iridium patch 
antenna in 1h, indoors. 
 

 
Fig 5.4.2: Confidence histogram for 332,740 Iridium frames collected with Nooelec Iridium patch 
antenna in 1h, outdoors. 
 
The homemade airgap antenna is set at a 45* angle facing south indoors and outdoors:  
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Fig 5.4.3: Confidence histogram for 146,353 Iridium frames collected with homemade Inmarsat-C 
airgap antenna in 1h, indoors. 
 

 
Fig 5.4.4: Confidence histogram for 217,647 Iridium frames collected with homemade Inmarsat-C 
airgap antenna in 1h, outdoors. 
 
 

 
Fig 5.4.5: Confidence over time, Nooelec overlapping Inmarsat-C airgap – indoors – 1h. 
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6. Conclusion and final notes 
 
The Confidence histograms are interesting. They tell us that a 1h measurement interval is definitely 
not close enough to evaluate a bursty signal and indicates that statistical analysis over days is 
needed. And for a comparative test, an extra identical setting is needed to feed from a different 
type of antenna. 

 
If we compare figure 5.4.1 with 5.4.2, both with Nooelec Iridium patch antenna, the indoors setting 
received less data, which does make sense. If we consider the fig 5.4.5 we also see how the bursts 
are coming as a function of time. 
 
If we compare figures 5.4.3 with 5.4.4, both made with the homemade Inmarsat-C antenna, we do 
not see the expected large difference in the number of frames received outdoors vs. indoors. I 
found it interesting and ran the outdoors test again. This time the data received over the 1h interval 
was larger and in agreement with receiving more if you’re outside. I do not have a figure for this but 
I can provide the data for further analysis if anyone interested. 

  
Based on what we see however, for the enthusiast, the Nooelec antenna is well suited for receiving 
Iridium signals, both indoors and outdoors. An outdoor setting would provide an edge. And on a 
north-south window access indoors, the antenna will provide more data if set vertical. This if the 
glass is permeable to RF signals. 
 
Further decoding the signals into text messages, tracks and voice indicates that the antenna 
performs very well in providing all these. 
 

 
Fig 6.1: Iridium spectrum received with Nooelec NESDR. Five overlapping sub-bands are needed to 
cover the entire Iridium spectrum. 
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A big thank you to the developers of Chaos Computer Club in München who created the only 
software I know that gives a hobbyist the ability to learn and play with Iridium data. 
A big thank you to Richard Schreiber dschre@att.net for his valuable insights throughout the 
compiling of this report. 
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