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1 Introduction

This document describes the Satellite tracking support in version 2 of the SDR Console from
SDR-Radio.com. The satellite tracking is contained in its own DLL to ensure portability
across many applications.

This dll provides full support for satellite tracking:

e Generation of standard satellite displays with the footprint superimposed on a map of
the earth,

e Frequency correction to compensate for Doppler,

e Automatic loading of Keplerian data,

e List of next passes for selected satellites.

1.1 OrbitTools

The dll uses the public edition of The OrbitTools Libraries by Michael F. Henry, the condition
of use being that the application in which the dll is used is non-commercial, specifically:

The Public Edition software may be used free of charge for non-commercial
applications only; commercial users please contact the author for information
regarding the Standard and Professional Editions of the software. For more

information about this library please visit http://www.zeptomoby.com/satellites/.

1.2 lcons

Icons from http://www.iconspedia.com/.
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2 Starting

From the ribbon bar select the Display pane, then Satellite Tracking.

Display Favourites Memories Tools

" Logfile E 0 ﬁ:'l m u[ u ﬁ‘ﬁ

|¥] Status Bar
Audio  Clock FM Data (1Q) Layout | External Satellite

Spectrum Stereo Recordings™ % Radio Tracking™

The satellite tracking window can be displayed in either a standard docking pane or in a
larger main window. To select the window type click the bottom half of the Satellite Tracking

button; you must restart this program for changes to take effect.

&

| Satellite |
Tracking™

Window Type...
Docking Pane
v | Main Window

When you click in the top half of the satellite tracking button the satellite tracking window is
displayed, all options are selected here. When first displayed the window shows the position
of the currently selected satellite, this is not updated until the Power button at the top left is

pressed.

September 15, 2013 Copyright 2013 Simon Brown Page 4 of 18



Satellite Tracking ax

@ l [ Sateliite I [. Passes I l Doppleris Off E]

AZ:298.7° EL:-65:8°

[

E

Alt: 1,318.91 km Range: 13,056.27 km Rate: 2.117137 km/s
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3 Configuring

Once you have started the window you will need to enter your home latitude and longitude

and optionally change the appearance of the software.

To display the options select the top-right ‘cogs’ button.

3.1 Main Display

3 Satellites ’ Configure the main display

Home Lat/Lon
Main Display
Recording
Rotators (DDE)
Logfile

About

|ISS v ] Visit flatplanet maps
[]custom map: &
[[]Text colour: :] v [JFootprint: < >
[ Track colour: :] v [[Jutc/GMT  Units: (@) Metric () Imperial

| ok || cancel |

Here you configure the visual aspects of the display and the update rate. If using a low power

PC such as an ATOM system then you may want to set an Update rate of five or even ten

seconds. For other systems with an i3 or better one or two seconds is fine.

There are many free background maps available on the internet, a good source is Flatplanet.
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3.2 Favourites

L= satellites ‘ Organise satellites into favourites groups '
Keplerian Data
¥ Favourites All satellites Active v | | Groups
Mame Organiser AP-U2 ~ FO-29
Status AAU CUBESAT HO-68
Home Lat/Lon AAUSat-3 IS5 L 4
o AAUSAT-TT MOON
Main Display ALMASAT-1 NOAA 15
Recording AQ-07 NOAA 18 i
Rotators (DDE) A0-10 NOAA 19
) AO-16 RS-38
Logfile A0-27 [ ] RS-40 |
About AO-51 RS-43
AO-71 S0-50
BeeSat S0-67
BEESAT-2/3 VO-52 X
BEESAT-3
BRITE-AUSTRIA
CANX-1
CANX-2 Defaults
CAPEL
CO-55
Co-57
CO-58
CO-65
CO-66
COMPASS-1
COMS 1 o
£ Cancel

There are many satellites flying around, some more interesting than others. Here you

organise them into groups of favourite definitions, for example Amateur, Weather etc.

3.3 Home Lat/Lon

[ Satellites ‘ The location of the receiving station
Automation
Home Lat/Lon
Main Display Height: _1087.50 | in metres & GPS
Recording Latitude:  |North v | 46.81336300
Rotators (DDE) (Dother (2)  Longitude: |East v| |__9.26026333
Logfile
About Location: Laax

There are three sets of co-ordinates:

e Main - where your main station is located,
e Other (1) and Other (2) - alternate locations, these are
optional.

Height: in meters above the WGS84 ellipsoid, this is used to
dcompute Doppler correction. For infoation about WGS84 see
http://en.wikipedia.org/wiki/World Geodetic System . To convert
feet to metres multiply the height in feet by 0.3048, so 100 ft =
30.48m.
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Make sure Home is selected, then enter your latitude, longitude and height above sea level
in metres (To convert feet to metres multiply the height in feet by 0.3048, so 100 ft =
30.48m). To determine your latitude and longitude use Google Maps, right-click on your

location and select the Lat/Lon option from the popup menu.

Use the optional Other (1) and Other (2) entries for other locations of interest.

3.4 GPS

Click GPS to open the GPS NMEA-0183 Client window. This window supports GPS devices
which have a serial port interface, for example the Navilock NL-402U USB GPS / Galileo

receiver.

Select the correct COM port and press Connect. When a good fix is available the Quality
field displays the text GPS fix. Click Apply Position to update the Home Lat/Lon values with
the currently displayed latitude, longitude and altitude.

To check the current position press Google Maps (an internet connection is required).

When you have finished just close the window.

GPS NMEA-0183 Client
GPS Receiver Options
COM11 Apply Position & SetTime
115,200

[ ]show all data Google Maps
Quality: GPS fix Lat:  46° 48.8391' N Locator: JN46ptl5
GPS time:  15:59:49z Lon: 9°15.6130'E Visible: 10 sats
PC time: 15:59:54z Alt:  1099.4m View data
SGPGGA,1559359.000,4648.8391,,00915.6130,E,1,10,1.2,1052.1,M,47.3,M,,0000 A
SGPGGA,155940.000,4648.8391,,00915.6130,E,1,10,1.1,1052.1,M,47.3,M, ,000(
SGPGGA,155941.000,4648.8391,,00915.6130,E,1,10,1.2,1052.1,M,47.3,M, ,000(
SGPGGA,155942.000,4648.8391,,00915.6130,E,1,10,1.1,1052.1,M,47.3,M, ,000(
SGPGGA,155943.000,4648.8391,,00915.6130,E,1,10,1.1,1052.1,M,47.3,M, ,000(
SGPGGA,155944.000,4648.8391,N,00915.6130,E,1,10,1.1,1052.1,M,47.3,M, ,000¢
SGPGGA,155945.000,4648.8391,,00915.6130,E,1,10,1.1,1052.1,M,47.3,M, ,000(
SGPGGA,155946.000,4648.8391,,00915.6130,E,1,10,0.9,1052.1,M,47.3,M, ,000(
SGPGGA,155947.000,4648.8391,,00915.6130,E,1,10,0.9,1052.1,M,47.3,M, ,000(
SGPGGA,155948.000,4648.8391,,00915.6130,E,1,10,0.9,1052.1,M,47.3,M, ,000(
SGPGGA,155948.000,4648.8391,N,00915.6130,E,1,10,0.9,1052.1,M,47.3,M, ,000(

v
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3.5 Keplerian Data

http:/fwww.tle.info/data/cubesat.bet
http://www.tle.info/data/weather.bet
http:/fwww.tle.info/data/noaa.bd

= Satellites Keplerian Two Line Element (TLE) data files
P Keplerian Data
Favourites Add Modify Delete Test Reload now
Mame Organiser
Status Ena.. |File
Home Lat/Lon http://celestrak.com/NORAD/elements/amateur. bt
Main Display http://celestrak.com/NORAD/elements/cubesat.bd
Recordin http://celestrak.com/NORAD/elements/noaa. txd
R gDDE |:| http://celestrak.com/NORAD/elements/visual.tdt
Ota_tors ( ) http://celestrak.com/NORAD/elements/weather.txd
Logfile http://woww.amsat.org/amsat/ftp/keps/current/nasabare.td
About I http://www.tle.info/data/amateur.bd
[
[
U

Update: (@) On startup Amsat NA
— Celestrak
(_)On startup, then every |3 v | hours
TLE.info
(_)Manual load only (this page)
0K Cancel

This program uses the Two Line Element (TLE) data files together with your location and the

current time to determine the current location of the satellites.
These files are available from a variety of sources, principally:

e Amsat NA,
e Celestrak,
e TLE info.

Also select the update options — there is no need to update more than once or twice a day.

If an internet connection is not available then the cached copies of the most recently

downloaded files are used.

3.5.1 Custom TLE Data
To use TLE data which is not available via a web page you can always use a file URL which
takes the form file://host/path for example file://localhost/c:/my_data/tle.txt. For more

information see http://en.wikipedia.org/wiki/File URI scheme.
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3.6 Name Organiser

Define preferred names for satellites

Set Name

= Satellites
Keplerian Data
Favourites Find:
¥ Mame Organiser
Status Sat# |Name
Home Lat/Lon 07530 20-07
Main Display 14129 zo-10
Recording 14781 Uo-11
Rotators (DDE) 20439 Ro-16
Logfile 20442 LO-19
About 22825 nO-27
22826 I0-26
23439 RS-15
24278 FO-29
25397 G0-32
25509 50-33
25544 IS5
26931 No-44
27607 50-50
27844 CO-55
27848 CO-57
27939 RS-22
2naq= PR

21l names

no-07, RO-7, OSCRR 7 (BO-T)
no-10, PHASE 3B (RO-10)
Uo-11, UOSAT 2 (UC-11)
no-16, BACSAT (RO-1&)
LO-19, LUSAT (LO-19)

no-27, EYESAT-1 (RO-27)
I0-26, ITEMSAT (IO-26)
RADIC ROSTC (RS-15), RS-15
FOo-29, JAS-2 (FO-29)
G0-32, TECHSAT 1B (GO-32)
SEDSAT 1 (S0-33), 50-33
IS5, ISS (ZRRYR)

NC-44, BCSAT (NO-44)
SAUDISAT 1C (50-50), S50-50
Co0-55, CUTE-1 (CO-55)
Co-57, CUBESAT XI-IV (CO-57)
MOZHRYETS 4 (RS-22), R5-22

n E7 mmerre dme DA

Use this window to define the preferred name for a satellite. Satellites are uniquely defined

by the catalog number in the Keplerian TLE data; this data also includes a suggested name.

If you load TLE data from more than one source then you will encounter conflicting names.

An example where you would often change the name is the satellite with catalog number
14129 known as PHASE 3B (AO-10); this satellite is normally referred to as AO-10.

Similarly the satellite with catalog number 37855 is referred to as A1P-U2, HRBE and M-

CUBED & EXP-1 PRIME.

Note: After changing satellite names you must review your Favourite definitions, these are

not updated automatically.
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3.7 Recording

3 Satellites Record audio and/or SDR data (1Q) during satellite passes
Home Lat/Lon
Main Display Audio Data (1Q)
Recording [+]Enable Host Settings [#|Enable  Host Seftings
Rotators (DDE) —
) Format: (@) Default
Logfile Ol wMa
About —
O wav

)
Optionally record the audio for the enabled VFOs while the satellite

is visible or all raw data (1Q) from the current radio.

Recording starts when the satellite becomes visible (AOS) and stops

when the satellite is no longer visible (LOS).

Select the audio file format - the default settings are in the main
program's Program Options. You can override the default setting
when you select either WMA or WAV.

The filename includes the name of the satellite as well as the date
.- v

With the recording option you record the audio for the enabled VFOs while the satellite is
visible. Recording starts when the satellite becomes visible (AOS) and stops when the

satellite is no longer visible (LOS).

Select the audio file format - the default settings are in the main program’s Program Options.

You can override the default setting when you select either WMA or WAV.

The audio filename includes the name of the satellite as well as the date and frequency.
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3.8 Rotators (DDE)

[ Satellites Configure the rotator support using DDE
Home Lat/Lon
Main Display Format: (@) None Satellite not visible: () Continue tracking
Recording —
Rotators (DDE) (I Mova (®) Set to start of next pass
Logfile (") Orbitron (Oaz/E: |180° W/ |0° v
About

Min elevation 0°

This software supports Microsoft's Dynamic Data Exchange (DDE)
which enables other programs on the same computer (DDE clients)
to receive the current satellite information (name, azimuth,
elevation, range rate) from this program (DDE server).

DDE support is used by 3rd-party rotator programs amongst others.
The two common formats used by the amateur radio community'
rotators are supported - Orbitron <http://www.stoff.pl/> and Nova

<http://www.nlsa.com/nfw.html> .

Note: at present the frequency in Orbitron format is set to 0. This
DDE support can be extended if required.

This software supports Microsoft's Dynamic Data Exchange (DDE) which enables other
programs on the same computer (DDE clients) to receive the current satellite information

(name, azimuth, elevation, range rate) from this program (DDE server).

DDE support is used by 3rd-party rotator programs amongst others. The two common

formats used by the amateur radio community' rotators are supported - Orbitron and Nova.

Note: at present the frequency in Orbitron format is set to 100MHz. This DDE support can be
extended if required.

If Min elevation 0° is checked then the DDE elevation will never be less than 0° (the antenna

will not point below the horizon).
If the satellite is not visible then you have these options:

e Continue tracking (pointless, just wears out the rotator),
e Set to start of next pass (makes more sense),
e Park antenna at specific Az/El (for example to avoid strong wind) and move to the

start of the next pass 60 seconds before AOS.

For more information about DDE please visit

http://en.wikipedia.org/wiki/Dynamic Data Exchange.
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3.9 Status

= Satellites Status of the SGP4/SDP4 algorithms
Keplerian Data
Favourites
: Enable | NOAA 19 v

Mame Organiser
P Status
Home Lat/Lon TLE data: 1 33591U 09005A 13236.44363228 .00000016 00000-0 33299-4 0 9135
Main Display 2 33591 98.9069 177.9834 0013174 234.4225 263.4618 14.11542063234120
Recording TLE age: 105:22:16
Rotators (DDE) Source: http://celestrak.com/NORAD/elements/noaa. bt
Logfile
About Observer:  UTC: 16:01:05.946

Latitude: 35.671452°
Longitude: -78.622865°
Altitude: 10.00 m

Satellite:  Latitude: -52.546499° Azimuth: 223.53°
Longitude:  133.103069° Elevation: -75.21°
Altitude: 864.93 km Range: 13196.91 km
Apogee: 860.80 km Range rate:  -0.21551472 km/s
Perigee: 841.75 km
Period: 1:41:57.379

This window was developed as a diagnostic aid to show the status of a selected satellite.

An explanation of some fields:

e TLE age — the age of the current TLE data definition for the current satellite, the age
is in ddd hh:mm:ss format.

e Apogee — distance when a satellite is at its furthest point from the earth.

e Perigee — distance when a satellite is at its closest point to the earth.

e Period — period of rotation, in this case the satellite’s period is one hour and forty-one
minutes.

e Range — the current distance from the observer (your home location).

e Range rate — the rate at which the satellite is accelerating towards (-ve) or away from
(+ve) the observer.
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4 Selecting A Satellite

There are two ways to select the current satellite:

1. Satellite,
2. Next Passes.

4.1 Satellite

This is a simple window which lists either all satellites or the satellites in a favourite definition.

Select Satellite

[¥]visible next: |5 h -

Satellite 5A0S /

@ HO-68 0s
@ MOON 0s
@ VO-52 0s
FO-29 6m40 s

155 20m00s

50-67 36m00s

I 50-50 47 m30s
R5-40 58mil0s

R5-39 2h44m4ds

Select

Use the Visible next option to restrict the list to those satellites visible within the selected time

frame.

4.2 Next Passes

This is a more advanced window which shows the next passes visible at the observer’s

location based on these criteria:

o All/favourite definition / single selection
o Time frame

e Minimum elevation
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Next Passes

() Al satellites

Time frame:
Min elevation:

UTC/GMT

| X Delete || Refiesh || Viewer |

|Sﬂte...| AOS/|

Pass| Elev|

Altitude

o
5
w
m

HO-68
MOON
Fo-29
Is55
50-67
R5-40
HC-68
Fo-29
Is55
R5-39
R5-40
HC-68
Is55
R5-39
R5-40
RS-38
NCRE 19
R5-39
NCRE 18
NCRE 19
NoRa 13
R5-39
R5-43

B
B

:21:
:21:
=83)=
SASE
152:
2il¢l=
:02:
=07:
122:
:01:
:11:
=33)=
=38z
=37z
:08:
=il3E
:12:
=33)=
=07:
=33)=
z07:
=3z
A E

02
02
14
31
30
44
00
37
21
11
46
00
24
14
5
10
06
26
22
16
19
22
37

12:
156
14:
10:
10:
22:
18:
15:
10:
G:
22:
15:
G:
11:
16:
11:
15:
11:
14:
14:
12:
11:
12:

30
06
51
42
37
13
39
49
53
13
46
33
16
26
10
21
47
17
14
09
26
26
38

28.
26.
27.
37.
24,
36.
T2.
49.
T7.
11.
58.
13.
.7
a0,
11.
43.
.8°
39.
21.
23.
.3°
8l.
47.

13

8l

13

T
i
<o
o
6
e
50
0°
0°
50
<o
ge

re
50
&°

re
a°
50

50
50

1,212.
357,457.
897.
423.

487

S

2,088.
360, 969.
1,628,
859,
1,017.
2,189,
1,2e0.
1,112,
431.
1,531.
1,689,
2,804,
1,284.
52a.
3,517.
&47.
964.
694,

km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km

< << << << < << < << < << < << <

2

Q

Q
.8
.0
.0
.1
.4
.4
.0
LT
.1
.3
.6
.8
.4
.5
.3
.6
.2
.4
LT

The track for the first selected pass in the list is automatically shown in the small display

window. To select a satellite (and close this window) double-click an entry in the list.
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5 Doppler Correction

Radio signals from non-stationary satellites will be shifted in frequency, the formula for
adjusting the received frequency is:

Frequency * (1.0 / 299792.458) * RangeRate

Where frequency is the received frequency, 299792.458 the speed of light in kilometres per
second and RangeRate the speed at which the satellite is accelerating towards or away from

the observer in kilometres per second.

To automatically apply Doppler correction, press the Doppler button. When Doppler
correction is being applied a small progress bar is displayed as a visual indication.

Doppler correction is applied to the main spectrum and waterfall and the active VFO panes.
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