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Everyday multiple NOAA weather satellites pass above you. Each NOAA weather satellite
broadcasts an Automatic Picture Transmission (APT) signal, which contains a live weather
image of your area. The RTL-SDR dongle combined with a good antenna, SDRSharp and a
decoding program can be used to download and display these live images several times a

day.

This tutorial will show you how to set up a NOAA weather satellite receiving station, which
will allow you to gather several live weather satellite images each day. Most parts of this
tutorial are also applicable to other software radios, such as the Funcube dongle and
HackRF and Airspy, but the RTL-SDR is the cheapest option. Hardware radio scanners can
also work, provided the radio has a large IF bandwidth (30 kHz +) and a discriminator tap.




Requirements and Setup
To set up a NOAA weather satellite receive station you will need:

1. An RTL-SDR dongle working with SDRSharp. (Or other more advanced SDRs such an
Airspy)

2. An audio piping method (e.g. VBCable, Virtual Audio Cable or Stereo Mix)

3. Aright hand circularly polarized antenna tuned to 137 MHz.

4. Software such as WXtolmg for decoding the APT signal.

5. An LNA (Optional).

We will assume you have the RTL-SDR dongle set up and working already. If you have not
bought a dongle yet, see the Buy RTL-SDR page for information and the check out the
Quickstart Guide for an easy setup routine with SDRSharp. You will also need to have an
audio piping method installed and set up. Audio piping will allow the audio from
SDRSharp to be passed to a decoding program. You can use either windows stereo mix,
VB-cable (free) or virtual audio cable (paid with trial version).

NOAA Weather Satellite Antennas

The NOAA APT weather satellites broadcast their signal at about 137 MHz, and their
signals are also right hand circularly polarized (RHCP), which means you will need a right
hand circularly polarized antenna to properly receive the signals. Satellite antennas are
also designed to receive best from signals coming from the sky. Three options for easy
home made circularly polarized satellite antennas are presented below.

Turnstile Antenna

A turnstile antenna is a circularly polarized antenna. It can be built in two modes, normal
and axial. For satellite reception we want it in axial mode.

A page showing a turnstile antenna for 137 MHz is here.




Quadrifilar Helix (QFH) Antenna

A Quadrifilar Helix (QFH) is a circularly polarized antenna that can be constructed out of
PVC pipe and coax cable. Most people report that the QFH antenna has slightly superior
reception compared to the turnstile.

V-Dipole
Recently it was discovered by 9A4QV Adam that a simple dipole arranged into a 'Vee'
shape placed horizontally makes an excellent and extremely simple weather satellite

antenna. This is probably the easiest beginners antenna to build as it only consists of
two wires and some coaxial cable.

137 MHz Weather SAT
V-dipole antenna
By Adam-9A4QvV

oaxial caE!e

Leg length

120°

Choc block
terminals

\ Aluminum rods Top-down
1/8” or 3mm dia perspective




Software Tutorial

The NOAA satellites only pass overhead at certain times of the day, broadcasting a signal.
These signhals appear at around ~137 MHz, and only when a satellite is passing overhead.
Each satellite has a different frequency. Currently only NOAA satellites 15, 18 and 19 are
operational, their frequencies are shown below.

e NOAATS5-137.6200 MHz
e NOAAT8-137.9125 MHz
e NOAAT9 -137.1000 MHz

An example of a NOAA APT weather satellite signal is shown zoomed in and out on the
frequency spectrum directly below and an example audio file of the signal is shown

further below.
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WXtolmg Tutorial

WXtolmg is a free weather satellite decoding program which can decode the APT
signal, and also tell you the times and frequencies of the NOAA satellites passing
overhead. There is also a paid version of WXtolmg which can unlock more
features, however it is not required for use with RTL-SDR. To use WXtolmg and
SDRSharp together follow the instructions below.

1. First, download and install WXtolmg from their homepage here.

2. Next open WXtolmg, and then set your Ground Station Location, (which is
the coordinates of your antenna) by going to Options -> Ground Station
Location. The city you are in should suffice, but you can be more accurate by
entering in an exact latitude and longitude if you want.

¥ witolmg: Ground Station Location = |

City: Auckland

Country:  |New Zealand

Lookup Lat/Lon

Enter City and Country and click Lookup
Lat/Lon or enter latitude and longitude in
degrees and fraction= of degrees. North and
east should be entered as positive numbers,
south and west as negative numbers (example:
enter 45 degrees 30 minutes west as —45.500) .

Latitude: -36.920
Longitude: 174.600

Altitude (meters): 0.0

I Use GPS on COM2: —_ at 4800 — | baud

T Set PC clock from GPS (if use GPS enabled)

Cancel

3. In WXtolmg set your audio piping method which you have chosen. To do this
go to Options -> Recording Options, and ensure the correct device is
selected under the soundcard option. Also, here you can adjust the "Record only
when active APT satellites are overhead" "with maximum elevation above
(degrees)" and "record only when satellite is above (degrees)" settings. You may
want to reduce the default values if you have an antenna with a good view of the
sky and find that WXtolmg stops recording or doesn't start fast enough even
though the APT signal is present in SDRSharp.

¥ Wittolmg: Recording Options ol = ==

" Record using WEFAX start/stop tones (for geostationary satellites on 1.66Hz)
#  Record onlywhen active APT satellites are overhead

with maximum elevation above (degrees) 2

record only when satellite is above (degrees) 8

and require nothing —
Common recording options: receiver type none —!

soundcard CABLE Output (VB-Audio Virtual — Advanced...

sample bits 6 — receiver port comL: —

antenna type unknown —! receiver baud rate receiver default —
Aziumuth-Elevation Rotor Control:

rotor type none —! rotor port coML: —

park azimuth/elevation 180.0/90.0 — rotor baud rate controller default —

Cancel




4. Now you will need to update your Kepler files. These files contain the information
about satellite locations. They need to be periodically updated, because satellites
drift in their orbit over time. Go to File -> Update Keplers to do this. Make sure you

have an internet connection for the update.

5. Now you can go to File -> Satellite Pass List, and find a time when a satellite will
be passing overhead. Take note of the frequency as well.

NORR 18
HORR 15
HNORR 13
NORR 18
NORR 1%
HWORR 15
WORR 18
NORR 15

NORR 13
NORR 1%
HNORR 18
WORR 15
NORR 13
NORR 18
HWORR 13
WORR 18

E Witolmg: Satellite Pass List

Lookahead  1week —

Satellite passes for Ruckland, New Zealand (36°55'S 174°35'E) -~
while above 8.0 degrees with & maximum elevation (MEL) over 20.0 degrees
from 2013-05-12 16:28:41 New Zealand Standard Time (2013-05-12 04:28:41 UTC).

2013-05-12 UIC
Satellite

Dir Long Local Time
N ¥ 166E 05-12 1&:37:4¢
N ¥ 16BE 05-12 18:00:14
s 7E  178W 05-13 0O o1
5 175W 05-13 0O 5
s ¥ 158E 05-13 02:3
s E 171w 05-13 03:35:35
5 ¥ 161E 05-13 04:-02-44
s W 165E 05-13 05:18:31

2013-05-13 UIC
Satellite

Long Local Time
05-13 13:20:13
05-13 15:00:29
05-13 1 33
05-13 17:35:43
05-14 00:44:34
05-14 02:11:08
05-14 02:25:47
05-14 03:51:14
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UTC Time

UTC Time
01:20:13
03:00:29
04:26:33
05:35:-43
12:44:34
14:11:08
14:25:47
15:51:-14

[E=5 Boh =X

Duration Freg
11:11 137.812%
11:03 137.6200
11:22  137.1000
10:51 137.9125
3:12  137.1000
9:22  137.6200
10:26 137.9125
10:33  137.6200

Duraticn Freg
10:07 137.1000
11:14 137.1000
11:31 137.8125
11:253  137.6200
10:58  137.1000
10:13 137.812%
10:06 137.1000
11:02 137.9125

|

Close

6. When the time comes for the satellite to appear, open WXtolmg, and then go to
File->Record, and click on Auto Record. The recording and decoding will begin
when the satellite appears on your horizon, and stop when it goes out of view
according to the times in the satellite pass list.

~

E Witolmg: Record

Record only (show image if enabled)

"

EAutD Record:

Record and auto process

[ Create image(s)

[~ Create movie(s)

[~ Add images to web page
Minimum Scan Lines
Remove audio files

Remove raw images

Remove maps

Remove images

ManuaITest|

Accept | Cancel

Image Settings...

i

Movie Settings...

Web Page Settings... ‘

0 (0:00) —i

!

never —

never —

never —

never -l

N




7. Open SDRSharp select the audio piping method you are using under the Audio
Output drop down box and then tune to the frequency that the satellite will be
broadcasting at. Adjust the gain settings in SDRSharp under the Configure button so
that you get good reception of the signal. Set the receive mode to WFM, filter
bandwidth to 34 kHz and Filter Audio set to OFF. It may also be useful to ensure
Snap to Crid is unchecked.

8. As the RTL-SDR is not frequency accurate, and also due to the Doppler effect, the
signal may not be at the exact frequency it should be at. Just adjust the frequency in
SDRSharp until it is centered on the satellite signal. You may also increase the filter
bandwidth beyond 34 kHz if there are no nearby interfering signals to cover the
entire travel of the signal.

9. Adjust the volume in SDRSharp and/or Windows volume settings so that the
volume bar in the bottom right hand corner of WXtolmg shows a green color.

~ wok49.0
|

WXtolmg should now be decoding and showing the weather satellite image as it is
received. You may need to periodically adjust the frequency to center the signal as
the Doppler effect will cause it to move. But, with the RTL-SDR adjusting for the
Doppler shift is not critical as the filter bandwidth can be simply set larger than 34
kHz (try 36 -40 kHz) so that it is large enough to receive the entire signal even as it as
it shifts.

Once the image has been fully received, you can play with the options under the
Enhancements and Projection menu in order to add false color and enhance the
received image.

Orbitron Tutorial

It is not entirely necessary for these NOAA satellites, but if you want the Doppler
effect to be automatically adjusted for in SDRSharp or you want to automatically
record all satellite passes then you can use free a program called Orbitron, which
with the aid of a plugin, will interface with SDRSharp.

1. Download and install Orbiton from their website.

2. Download the SDR# Orbitron DDE tracking and scheduler plugin.

3. Extract all the plugin files to the SDR# directory. With notepad or another text
editor open Plugins.xml. Within the <sharpPlugins> </sharpPlugins> tags add
the line <add key="DDE Tracking Client"
value="SDRSharp.DDETracker.DdeTrackingPlugin,SDRSharp.DDETracker" /> at
the end.



B.
4.

a
5.

Open Orbitron in Administrator Mode (if in Windows Vista/7/8), by right clicking
it, and selecting Run as Administrator. Orbitron may open in full screen mode.
Press Alt+Enter to exit full screen if you wish.You will probably be initially
presented with a TLE file update screen. You can leave all the boxes as default.
Click on the update button, which is the icon with a globe and lightning bolt.
Orbitron will download the new TLE files. The TLE files contain the satellite orbit
information, and will need to be periodically updated every few days. Running
Orbitron in Administrator mode is important, as otherwise the updated TLE files
will not be saved.

’ Setup @ﬁ

General | word map  TLE updater | Time synch | Mizcelaneous | Extra |

[Froup

arnateur. bt hittp: £ v, celestrak, comdH OBAD felements/ amataur. bt
cubezat bt hittp: A, celestrak. com/MNORAD felements/cubesat. bt
iz bt http: £ v celestrak. com/MORAD elements/dric. bt
education. bt hittp: Ay, celestrak. comdMNORAD felements/education. bt
engineering. bt http: £ v celestrak. com/MORAD Aelementz/engineering, bt
e, bt hittp: A, celestrak. com/MNORAD felements/geo. tut
qeodetic. bt http: £ v celestrak. com/MORAD elements/geadetic. bt
globalztar, ket hittp: A, celestrak. com/MNORAD felements/globalztar. bt
qlo-ops. ket http: £ v celestrak. com/MORAD felements/gla-ops. bt
qoes. kit hittp: A, celestrak. com/MNORAD felements/goes. bt
qarizant. bt http: £ v celestrak. com/MORAD Aelements/qarizant. bt
[v TLE expiry date [in days): N

[ Mark this group far autoupdate

Help Ok, LCancel | Apply

In order to have Orbitron accurately track the satellites it is important that your
Windows PC time is accurate. Orbitron comes with a method to synchronize
your PC time to the NTP servers, which provide accurate time. In the setup
screen click on the Time Synch tab, and click on the Synchronize PC clock
button (looks like a lightning bolt) to automatically synchronize the time. You
may also wish to select the Synchronize PC clock when Orbitron starts checkbox
if your PC is always connected to the internet.

Close Orbitron. Now open Notepad in Administrator mode, by right clicking its
shortcut in the Start Menu, and clicking on Run as Administrator.

In Notepad, go to File->Open, and browse to your Orbitron\Config folder. The full
path is probably probably installed in “Program Files (x86)\Orbitron\Config”.
Open Setup.cfg.

. At the bottom of the Setup.cfg text file, add these two lines, making note that

you should specify the path to your own local install of SDR#. Here we assume
you've installed SDR# to C:\sdrsharp.
[Drivers]SDRSharp=C:\sdrsharp\SDRSharpDriverDDE.exe



File Edit Format

Setup.cfg - Notepad

View Help

fo @ /=)

Maxsunx=1
Maxsun=-5
Minsat=10

Brief=0
MinMagx=0

Mode=0

All=1

[Drivers]

IrFlareMag=30

MinMagnitude=30
IgnoreMagIfunknown=0
Calculation=1

[Satellites]
TLEFiles=Tle\gps-ops.txt
Active=40294

SDRSharp=C:\sdrsharp\sDRSharpDriverDDE. exe

m

10. Now open Orbitron and in the main tab set the refresh interval to 1 second. This
is the drop down box in the lower right of the panel.
11. Set your home location by clicking the location tab on the bottom. You can
select your city on the right side if you don’t know your exact longitude and

latitude.

e Al to lis < world >
|Au-:kland

Sign Grid lncatar Altitude [m] Update ‘ ||A -

| o s | | e :
Longitude Latitude - Aarhuz

Ab
[1747562°FE  [36.6851° 5 Choose Clear list Abadan

I ain ¢ Yizualisation g Location § 5at/0hit info § Prediction setup § Prediction

Rotor/Radio §About

12. Next click on Load TLE and load the noaa.txt file, or the file for whatever other
satellite you are interested in tracking.

B Orbitron 3.71

E Open

Lookin: | J, Tie

Name
molniya.bt
musson.td
nnss.bd
noza.bt
orbcomm.tet
other.bd
other-comm.xt
radar.tet
raduga.tet
resource.bdt
sarsat.bd
science.bt
stations.bt
tdrss.bt
tle-new.tet
visual.bd
weather.tet
x-comm.bxt

e uefunEdudued nied neguied g ued e nediiie iEfuEd e

R = == b

Date modified

12/05/2013 1:39 p....
.. Text Document

12/05/20131:39 p....
12/05/20131:39 p....
12/05/20131:39 p....
12/05/2013 1:39 p....
12/05/2013 1:39 p....
12/05/20131:39 p....
12/05/20131:39 p....
12/05/20131:39 p....
12/05/20131:39 p....
12/05/20131:39 p....
12/05/20131:39 p....
12/05/2013 1:39 p....
12/05/2013 1:39 p....

Type
Text Document

Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document
Text Document

File name:  [nosa bt

Files of type: [ Twodine element fies ("TLE " TXT)

v NO& 17 [
W
NOAA 13 [+]

k¢ aciics 03z ]




1.

For NOAA weather satellite images we are interested in NOAA satellites 15, 18
and 19, as they are the only satellites working, so place a check next to those.
Double clicking on a satellite name will select it and show it in the map
window.

For each satellite enter the correct downlink frequency under Dnlink/MHz,
e.g. for NOAA 15 enter 137.62 MHz. The corrected doppler frequency will be
automatically calculated.

. Go to the Main Tab in Orbitron and click on the Setup button (looks like a

crossed hammer and spanner).

. Go to the Miscellaneous tab and ensure that AOS Notification: Show Notice is

selected, with the elevation set to O. (Increase the elevation if you only want to
start tuning to the frequency when the satellite is higher in the sky and thus
gives you better reception).

Go to the Extra tab and ensure that “AOS Notification: Make satellite” active is
checked.

In SDR# ensure you have set the PPM offset correction properly and then
press Play and go to the Tracking DDE Client plugin. Click on the Config
button.

Here we need to set up the scheduler instructions. First enter the name of the
satellite you want to track in the Satellite name text box, making sure to
replace any spaces in the name with underscores. For example if you wanted
to track NOAA 15, then you'd set the Satellite name to NOAA_I15.

. When a satellite comes into view the scheduler will automatically run the

commands written in the AOS text box in the scheduler. When it leaves view
it will run the commands in the LOS box. Under AOS using the available
commands and the two left arrow buttons (<<) add the commands
“radio_modulation_type<WFM>", “radio_bandwidth_Hz<38000>" and
“radio_tracking_frequency_On" to the top AOS box with each command on a
seperate line. Also add the command “radio_tracking_frequency_Off" to the
bottom LOS box. This will ensure that the correct modulation and bandwidth
is automatically set as well as tuning the frequency to the Receiver/doppler
frequency specified by Orbitron. Close the Scheduler configuration box.

Scheduler % @
Satellite name ADS Command example: radio_frequency_Hz<137100000: Available commands
NOAA_1S radio_modulation_type <WFM:= - radio_Start

radio_bandwidth_Hz<38000: radio_5Stop
| Add new satellite | radio_tracking_frequency_On radio_modulation_type<=
radio_center_frequency_Hz<:
- radio_frequency_Hz<>
| Delete selected satellite | radio_bandwidth, Hz<>
radio_squelch_Cn
: radio_squelch_Cff
satellite - radio_squelch_threshold<>
. , radio_tracking_frequency_On
NOAA_18 radio_tracking _frequency_Off
NOAA_1S Los send_tracking_frequency_On

send_tracking_frequency_Off
tracking_frequency_Hz<:
start_programm_Path<>
PSK_set_SymbolRate<>
QPSK_demodulator_Start
QPSK_demodulator_Stop
QGPSK_demodulator_Start
QOGPSK_demodulator_Stop

radio_tracking_frequency_Off




1.

Next ensure that the scheduler is enabled by checking the Scheduler box
in the plugin.

Now back in Orbitron go to the Rotor/Radio tab, and set the “Downlink”
mode to FM-W and the Driver to SDRSharp. Click the icon with two
windows next to the Driver drop down box and make sure it is pressed in.
If @ box pops up saying it could not find the driver then you may have
specified the path in step 8 incorrectly. Click Yes and then select the
SDRSharpDriverDDE.exe file in the SDR# folder.

In SDR# the Tracking DDE Client plugin should now show that Orbitron is
connected and information about the currently selected satellite in
Orbitron will show in the plugin. When a satellite appears overhead the
frequency will immediately snap to the doppler frequency specified by
Orbitron.

. Finally, if desired WXtolmg can be made to automatically output a live

webpage of the latest weather satellite images. This option can be found
in  WXtolmg under Options->Auto Processing Options->Web Page
Settings.

¥ Tracking DDE Clientvl.2 *

Scheduler

Minimal elevation 0.0 =

Orbitron connected

Name NOAA 13
Downlink 137099130 Hz
Azimuth h56.5°

Elevation -70.3°

ALL THE BEST!
WCRC CONTACT 2020
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