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Polar Orbits vs Geostationary Orbits
Advantages of POES?
Advantages of GOES?

See https://svs.gsfc.nasa.gov/10372animation



GOES-15 
LRIT VIS NH 

See separate file for animation
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GOES-16 
HRIT
False Color
Full Disk 

See separate file for animation



Hurricane Michael
Oct 10 2018
GOES-16 HRIT M1
False Color 
100% Scale
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GRB
GOES Rebroadcast

DCS
Data Collection 
System (IE Buoys)

HRIT/EMWIN
High Rate 
Information 
Transmission /
Emergency 
Managers Weather 
Information 
Network



I.E. GOES 15                                     I.E. GOES 16 & 17

Credit NOAA/NESDIS
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GRB
Frequency: 1686.6MHz
Dual Circular Polarization
Data Rate: 15.2Mbps  Symbol Rate: 7.82Mbps
Modulation 8PSK
Data Format: DVB-S2

HRIT
Frequency: 1694.1 MHz
Linear Polarization
Data Rate: 400Kbps    Symbol Rate: 927ksps
Modulation: BPSK 
Error Encoding: Viterbi + Reed Solomon 



Credit NOAA/NESDIS

HRIT/EMWIN
Virtual Channel ID     Group          Product Name

0             Imagery    Admin Text Messages
1             Imagery    Mesoscale (ch. 2, 7, 13)
2             Imagery    Band 2 - Red
6             Imagery    GOES-15
7             Imagery    Band 7 - Shortwave Window
8             Imagery    Band 8
9             Imagery    Band 9 - Mid-Level Trop
13             Imagery    Band 13
14             Imagery    Band 14 - IR
15             Imagery    Band 15
20             EMWIN      Priority
21             EMWIN      Graphics
22             EMWIN      Other
23             Imagery    NWS Products
24             Imagery    NHC Graphics Products
25             Imagery    GOES-R JPG Products
26             Imagery    International Graphics Products
30             DCS        DCS Admin
31             DCS        DCS Data
60             Imagery    Himawari







HRIT System Developments
Software



NOAA contracted 
with Aerospace 
Corporation to 
develop a system 
for users early on



USA SATCOM and 
Lucas Teske were 
early pioneers to 
receive GOES with 
and SDR.



In my opinion Raydel was the 
first to come out with easy to 
use SDR Windows software and 
great documentation to get you 
up and running.  Getting good 
software has been the key!



Then came Pieter 
with his Goestools
software running on 
a Raspberry Pi 



HRIT System Developments
Hardware



Modified 
2.4GHz 
24dbi 
grid 
antenna

Can buy 
on Ebay
$55 with 
shipping 
right now



Modified 
grid 
antenna
Feed 
with 1” 
spacer



Various 
LNAs and 
line 
amplifiers 
now 
readily 
available

My 2 Amp + SAW 
filter design
28db Gain 
0.6db NF

Nooelec SAWbird
SAW filter + Amp  $35

Ebay SPF5189 50M-4G 
Amps $5-$11



$18 Ebay

Don’t buy cheap SDRs 
with old tuners that 
overheat, drift and don’t 
go to 1700MHz

When you can buy a 
better one for not much 
more $24



My HRIT
Station

Both
GOES15
GOES16
reception
& storage



Enough theory Ed
Let’s see it in action!



My Two Systems of Choice:

Raydel’s XRIT Decoder sw to generate LRIT files +
Rob Alblas’ XRIT2PIC to display LRIT files
Antenna + LNA + SDR + PC with Windows software

Pieter’s Goestools to generate LRIT or JPEG files
Can add outlines, color enhancements and  generate 
false color and cropped images
Antenna + LNA + SDR + Raspberry Pi with Raspian sw



Today’s Demo:

Modified 2.4GHz 24dbi Grid Antenna
My LNA with SAW filter
Mini-Circuits 28db Amp
100’ LMR240
Nooelec Nesdr Smart SDR

1st with PC & Raydel’s SW

Then with Pieter’s Goestools
Rasberry Pi + Rasbian Stretch
USB 1TB hard drive



HRIT
GRB
DCS

Spectrum analyzer plot



First GOES-16 HRIT Reception with
Raydel’s XRITDecoder SW and 
Rob’s XRIT2PIC SW



See www.geo-web.org.uk/XRITDecoder.php
for software links and tutorial

http://www.geo-web.org.uk/XRITDecoder.php


rem ***Use hrit_rx_rtl.py for RTL dongles and hrit_rx_other.py for a different SDR devide.***
rem ***Add and remove the rem command (comment in DOS batch) to select correct device***
rem ***Edit and set accordingly the properties/parameters of your specific device***

rem Uncomment next line for grid dish NooElec black E4000 tuner on GOES15 LRIT
rem start /B gnuradio.lnk C:\XRITDecoder\hrit_rx_rtl.py --freq=1691000000 --gainrf=10.0 --symb-
rate=293883

rem Uncomment next line for grid dish NooElec black E4000 tuner HRIT
start /B gnuradio.lnk C:\XRITDecoder\hrit_rx_rtl.py --freq=1694100000 --gainrf=50.0 --symb-rate=927000

:decoder
rem uncomment next line for HRIT. ***Use -nrzm for HRIT signal and remove it when using LRIT***
XRITDecoder.exe -nrzm -vsync 30 -ip "127.0.0.1" -port 8888 -chunk 32

rem uncomment next line for LRIT
rem XRITDecoder.exe -vsync 30 -ip "127.0.0.1" -port 8888 -chunk 32

Configuration I use:



Screen shot showing files being 
saved, constellation pattern and 
frequency spectrum.



Rob’s Xrit2Pic screen shot 
showing the file segments and 
completed file names color 
coded to show completed files in 
green and incomplete files in 
red.



Next GOES-16 HRIT Reception with
Pieter’s Goestools SW
which runs on a Raspberry Pi



FLIRC 
Aluminum
Raspberry Pi 
Case  

Integrated 
CPU 
heatsink  
post to 
prevent CPU 
throttling 
which slows 
CPU down



Enclosed 
Raspberry 
Pi

Power

HDMI SDR

WiFi
Keybd/Mouse

Hard Drive



Start at 
https://pietern.github.io/goestools/guides
/minimal_receiver.html for links to the 
software and tutorial.

https://pietern.github.io/goestools/guides/minimal_receiver.html


The site is very detailed 
showing the commands for 
both the receive and 
processing software.



Here is the 
configuration of the 
receive software.



Here is the 
configuration of the 
processing software.



Screen shot of the directory 
listing showing the saved files, 
a terminal window showing 
the receive operation and 
another of the processing 
operation.



Since the files can be saved in 
either LRIT data format or Jpeg, I 
save in Jpeg and can then simply 
click on the filename to display 
the image.



Hurricane Michael
Oct 10 2018
GOES 16 HRIT M1
False Color

Animation generated 
using PhotoScape

See separate file for animation



I used PhotoScape to 
produce the animations 
you see. Simply grab the 
images you want, drag 
them to the center 
window, set the time per 
frame and then click save.



Thanks to NOAA for their 
satellites and support and 
Raydel and Pieter for their 
excellent software which 
made this possible.


