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Intro to SCRAP
Satellite Contact Report Analysis & Prediction (SCRAP) is atracking, report, analysis, prediction
and 3-D real time display program. It tracks and predicts passes of satellites based on the
geographical location of the ground station, the current date and time and Keplerian orbital data for
the satellites of interest to the ground station. The software is capable of tracking over 2000
satellites real-time, as well as producing contact reports. In addition to the satellites, it provides
ground labeling for over 260 countries and 2265 cities. The user is able to pick from 27 different
map textures, and = -
apply idands, lakes,
rivers, US states,
coastal lines and
national boundaries
lines.

The project started
out as a challenge
integrating satellite
tracking technology
into a 3-D display of
the Earth. Additional
features were later
added for fun. I've
invested many hours
in the development
and test already. The
satellite tracking
technology has '
proven to be quite a challenge to me, but the results are impressive. Therefore SCRAP is what
amateur radio operators would consider a goldmine in satellite viewing and it’ s still free. It's
available in the public domain as shareware.

SCRAP issimilar to Analytic Graphics STK, Aerospace SOAP, Predict and InstantTrac software.
Software was developed using Microsoft Visua C++, OpenGL and modified version of Glut DLL.
The executable has been packaged in a zip file and placed in the public domain. It has been tested
on Windows 95, 98, 2000 and ME.

Supported Computer Platforms

SCRAP is not for the underpowered computer. In order to propagate ephemeris for each of the
satellites it displays and reports on, it performs millions of floating-point calculations every
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second. Therefore, the minimum recommended platform is Windows 98 or better running a
Pentium Processor 500 MHz or greater, 256 Mbytes RAM and a graphics accelerator card with
OpenGL support. Of course it helpsto have at least 1024x768 resolution.

For example, test results on a Windows 98 500 MHZ Pentium shows that it takes about 5 seconds
to calculate 200 satellite vehicle positions and display the results. If your processor does not meet
the minimum recommended horsepower it is suggested you should keep the maximum number of
satellites at aminimum. This can be done at run-time via a command-line entry.

SCRAP does not access the Windows registry or place any hidden files on your system. It does
have TCP/IP code for downloading TLE and APRS data from the Internet.

Installation Instructions

SCRAP isdistributed using WinZip has al of the directory information and files needed for a
basic startup of the program. To extract the files, use WinZip to create afolder/directory called
“SCRAP’ and unzip the contents. Create a startup icon next and place it wherever you find
convenient on your hard drive.

Scrap creates several directories on your disk

1. UserData-— Thisiswhere you store the two line orbital elements and scrip files used by
SCRAP. Thismanual will discuss these scrip files later

2. Images— SCRAP uses TGA images of the Earth for display on the 3-D display. If you
wish to add additional textures of the Earth, thisis where they go.

3. GlTexfont — Supporting fonts used by OpenGL and GLUT.

4. Vector Data— Vector data files used to draw boarders for countries, states, rivers and lakes.
The basic binary data from the Pospeschil Micro World Data Bank 11 was generated using
atria-version of aprogram called Idrisi to convert the pairs of the '.vec' and 'dvc' filesinto
vct' and .vdc' (these are also binary files).

The display is organized into panels as shown in the picture below, thus allowing the user to
control SCRAP sfeatures. In summary these functions are:

Initidize Allows the user to load in the various TLE files, and to download new TLE files
from the Internet

Earth View Selection of viewpoint to include country, satellite, QTH, etc. and to select the
Earth Orthographic projection overlay map, and display options

Target QTH Select the QTH to be used for pass predictions and reports

Sim Time Define a simulation and step time other than current UST time.

Ephemeris Set the SGP propagation model and view the position and velocity of satellites
TLE Viewver View the decoded TLE parameter in classic Orbital Elements.

Pass Reports | Produce predicted orbit pass reports, visible passes and solar illuminations.

APRS Download APRS stations via Internet. Locations can be used for prediction and
display.

Multi Track Display current and upcoming passesin real time

Antenna Future enhancement for Az/El rotor control. This option is still being devel oped.

The following sections will discuss in further detail each of these functions.
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Initialization Page
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SCRAP opens with an initialization page as shown. The top left window is used to load Two Line
Orbital Element filesinto the application. Pressing the “Load TLE” button brings up a file box
allowing you to load any one of a number of satellite TLE files. Checking the “Add” button
allows you to keep the existing selection and add additional satellites to the application.

SCRAP extracts valid NASA format 2-line Keplerian element (TLE) sets from the TLE input file,
which may contain other text of various kinds. It removes the miscellaneous text commonly added
by network e-mail and bulletin transmission. It can remove lines of text before, after, or between
element sets, but not between the lines of asingle element set. It can remove text on the same
lines as the element sets, before or after the element sets, provided that the three lines of the
element set al begin in the same column.

In addition, SCRAP alows you to add additional TLE sets from additional files to the existing set.
Keep in mind that it does not check for redundant satellites in the batch.

Pressing “Refresh List” loads a scrip file into the buffer, at which time you can download the latest
TLE datafrom the Internet. Y ou can thistext file called “ Internet.Ist” in the UserData directory
and add or delete scripted items. Simply input the URL followed by an output file name on each
line.
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Earth View
@ SCRAP 1.26 Satellite Contact Report Analysis & Prediction !E,'
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 156N 003 00:60:18
SAEED Az 2462 a4
El -33 1713
Initialize ~ EarthView TargetDTHl SimTime! Ephemerisi TLE Viewer! Fass Hepu:urtsl APRS ! MultiTracki .-'funtennal Astro !
=Wiew Point and Lattitude/Longitude Offset—————————— [~ Select Earth Orthographic Projection
0.0 E arth texsture list
Select desired viewpoint databaze source IEarth_N atural bga __v_!
O County @ OTH " Sun V| Terturing [ lslands [ Cities
£ City = GMT " Moon W wireframe T Lakes ¥ Countries
 Satelite I™ Line'width I~ Rivers ¥ CoastLines
Select dezired wiswpaint location - ¥ OTH I™ USStates ¥ National Boundries
= [T APRS
.o ™ FootPrint ™ Ephemeris
| ™ Contact Cone
|

From the Earth View panel you can select the Earth orthographic projection of your choice. Your
selection is then loaded into SCRAP and the Earth is displayed in it’s own window. On slower
computers this may take several seconds. The check boxes allow you to select display attributes
on the Earth display. The View Point and Latitude/L ongitude Offset allows you to select from a
number of options for choosing your viewpoint. If you select a satellite, you are positioned above
the satellite and the Earth rotates under your location.

The Earth-Simulation 3-D model was written by Ohad Eder Pressman in 2001 and placed in the
public domain. The program is based on alarge sphere, with a selected Earth map texture overlaid
on the surface. Y ou can rotate the Earth, zoom-in, etc. using the mouse and control key. Map
textures of the Earth can be changed at any time during the run.

The GLUT extension to OpenGL is required for the 3-D display window controls. Since multiple
processing threads are used for ephemeris prediction and display control, amodified version is
provided that is SCRAP friendly. GLUT source code isin the public domain.
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Target QTH
@ SCRAP 1.26 Satellite Contact Report Analysis & Prediction
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 15N ow03 00:53:59
4 0 SAEED Az 2469 4.2
El -39 1713

Initialize | Earth View TargetQTH ]SimTime] Ephemeris; TLE 'v'iewer] Fass Hepu:urts] APRS ] MultiTracki .-'funtenna! Astro ]

~ Select source —— -~ Select specific target to be new BTH home -

" Countries M ame JMEED :_J
& Citi

HE Degrees Pirtes
+

bk Lattide | 47.437 | 0.0
" APRS

L.jngitudej 122789 | 0o

The original PREDICT tool performed al of its predictions based on a user input QTH, I've
modified it so that the user can specify multiple QTH locations. This panel alows you to change
the default QTH location to any city, country or QTH of your choice. The QTH control file stored
in “UserData iscaled gth.lst and has the format of calsign, longitude, latitude, elevation and
GMT offset in hours.

I’ ve added the capability for the user to assign any country, city, or APRS station to be the new
QTH. You can easily move from location to location to predict and display satellite contacts for
any location. The Target QTH display allows you to select various QTH locations to be displayed
on the Earth’s surface. Y ou can select from predefined country or city data, a QTH file where you
define your specific locations, or download APRS data from the Internet and use that |ocation.
The selected QTH isthen used for creating pass prediction reports, the real-time Multi-Track
display and for antennarotor control.

SCRAP provides ground labeling for over 260 countries and 2265 Cities. In addition, the user is
able to pick from 27 different map textures, apply isand, lake, rivers, US states, coastal lines and
national boundaries linesNote: If you activate the antenna rotor control, you are not allowed to
change the QTH. Thiswas done to prevent you from selecting a new QTH during a contact, thus
forcing the antenna to slew from the current contact.
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Simulated Time

@ SCRAP 1.26 Satellite Contact Report Analysis & Prediction EE,'
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 156N 003 00:58:17
SAEED Az 2477 5.2
El -45 178

Initialize | Earth "v"IE'-'W! Target QTH  SimTime lEphemens TLE Vlewerl Fass Hepu:urtsl APRS I MultlTrackl .-'funtennal Astro !

— Set the simulated date — Simulation Contral

" Modified Julian Date i 52957 638518518513

" Julian D ate l 2452958.135519 Time Step [sec] l 110

 GPS Week / Sec | 220 | 492352000

% Calendar Date I14NDV2EII33 j |1s:45:52 = Start |

Set Simulation Start Time |

No tracking program is complete unless you can input any date time condition and set a fast
forward or backwards time step. This panel allows you speed up redlity.

The ability to control simulated time is provided to allow you to fast forward the simulation to get
a perspective in fast motion of what the satellites are doing. Y ou can also set a negative step time
and run the simulation in reverse. The various time formats were provided for flexibility in setting
up the simulation. All displayed times are in UST (GMT), but the user has the option of
specifying timesin GPS, MJD, JD or calendar formats.

Keep in mind that al timesarein UST (GMT)
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Ephemeris Propagation Model

@ SCRAP 1.26 Satellite Contact Report Analysis & Prediction !E,'
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The main ephemeris engineis Dr. T. Kelso's Pascal's SGP, SGP4, SGP8, SDP4 and SDPS satellite
ephemeris propagation routines. These models were borrowed from SPACETRACK REPORT
NO. 3, Models for Propagation of NORAD Element Sets, Felix R. Hoots, Ronald L. Roehrich,
December 1980.

This panel displays the current ephemeris vector data for position and velocity. In addition it
allows you to switch ephemeris modelsin real-time. Normally you should never have to leave the
SGP4/SDP4 model, but it’s interesting to switch between the other models and observe the
differences.

Borrowed from SPACETRACK REPORT NO. 3, Models for Propagation of NORAD Element
Sets, Felix R. Hoots, Ronald L. Roehrich, December 1980.

Five mathematical models for prediction of satellite position and velocity are available. The first of
these, SGP, was developed by Hilton & Kuhlman (1966) and is used for near-Earth satellites. This
model uses a simplification of the work of Kozai (1959) for its gravitational model and it takes the
drag effect on mean motion as linear in time. This assumption dictates a quadratic variation of
mean anomaly with time. The drag effect on eccentricity is modeled in such away that perigee
height remains constant.

The second model, SGP4, was devel oped by Ken Cranford in 1970 (see Lane and Hoots 1979) and
is used for near-Earth satellites. This model was obtained by simplification of the more extensive
analytical theory of Lane and Cranford (1969) which uses the solution of Brouwer (1959) for its
gravitational model and a power density function for its atmospheric model (see Lane, et al.

1962).
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The next model, SDP4, is an extension of SGP4 to be used for deep-space satellites. The deep-
space equations were developed by Hujsak (1979) and model the gravitational e?ects of the moon
and sun as well as certain sectoral and tesseral Earth harmonics which are of particular importance
for half-day and one-day period orbits.

The SGP8 model (see Hoots 1980) is used for near-Earth satellites and is obtained by
simplification of an extensive anaytical theory of Hoots (to appear) which uses the same
gravitational and atmospheric models as Lane and Cranford did but integrates the di?erentia
equations in a much different manner.
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Two Line Orbital Elements

@ SCRAP 1.26 Satellite Contact Report Analysis & Prediction EE,[
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 15N ow03 01:01:42
4 0 SAEED Az 2483 E.0
El 51 178
Initializel Earth *v"iewl Target OTH I SimTimeI Ephemeriz  TLE Wiewer lF'ass Hepu:urtsl APRS I MultiTrackl .-'funtennal Astro ]
= iew MORAD Two Line Orbital Elements EPOCH Tme
Name |&0-43 | | ThuOBNovO3 21:14:43
Linel !'I 27R05L 020584 0331088521810 00000357 00000-0 7767640 2912 Coar !gngg
Linez I2 27R05 B4 55231235252 0051589 61326 304 0354 14 71695938 47268 Day I 0895218

— Orbital Elements

Catalog Mumber ] <7B0S Sem it ajor Axis [km]| 7033.726509 Decay Rate [rev/dayz) 0.000004
Deesignator | 020584 R&AN [deg) 123525200 Mean Motion [rev/day) 14.716360
Set Mumnber lE E ceentricity I_EI-.EIEEE Mddot/E Drag [rew/day3) 0.000000
Orbit Murnber i—‘l?_fﬁ- Mean Anomaly [deg] [T?Edﬂ[r Argurnent of Periges [deg) B.132600

Period [mindrev] ] §7.85 chREna m BSTAR Drag [1/E arthR adius) 0.000075

In order to give SCRAP the best performance, one should download the latest TLE files from the
Internet using the "Initialize" panel. SCRAP extracts valid NASA format 2-line Keplerian element
(TLE) setsfrom the TLE input file, which may contain other text of various kinds. It removesthe
miscellaneous text commonly added by network e-mail and bulletin transmission. It can remove
lines of text before, after, or between element sets, but not between the lines of a single element
set. It can remove text on the same lines as the element sets, before or after the element sets,
provided that the three lines of the element set all begin in the same column.

In addition, SCRAP allows you to append additional TLE sets from input files to the existing set.
Keep in mind that it does not check for redundant satellites in the load.

TLE datais downloaded using a pre-built script file. Pressing the download button initiates
TCP/IP connections to the TLE source, and in a matter of a minute or so, you have downloaded the
latest files set.
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Satellite Pass Reports

i SCRAP 1.26 Satellite Contact Heport Analyziz & Prediction EE
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 15N 003 01:02 46
—=Tr Az 2485 B2
El Bz 78

Initialize] Earth *v"iew! TargetDTH! SimTime] Ephemeris | TLE Wiewsr Pazz Reports ].l'—‘iF'FiS ] MultiTrack; .-'fintennal Astro !

i~ Pazz Prediction Report -
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Start End
14Mov2003 =] I'IENDVEEIEIS -

Generate Predict Report ]

Satellite contacts in the program’ s database are calculated at a once/second rate. Separate
windows are used to display current passes and upcoming passes. SCRAP also can create text-
format reports of predicted passes. The satellite pass report options were originally developed and
used in the PREDICT tool written by John A. Magliacane, KD2BD. John'’s report format was
rewritten and integrated into SCRAP with some minor modifications.

Tracking datais also displayed for satellites in contact range. The name, azimuth heading,
elevation, sub-satellite point latitude (in degrees North) and longitude (in degrees West) positions
are provided, along with the slant range distance between the satellite and the ground station (in
kilometers).

The Visible Passes report option displays the satellites in sunlight where the ground station is
under the cover of darkness.

Solar illumination prediction report indicates how much sunlight a particular satellite will receive
in a 24-hour period. Thisinformation is especially valuable to spacecraft designers and satellite
ground station controllers who must monitor spacecraft power budgets or thermal conditions on-
board their spacecraft due to sunlight and eclipse periods. It can even be used to predict the
optimum times for astronauts to perform extra-vehicular activities in space.
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Automatic Packet Reporting System

@ SCRAP 1.26 Satellite Contact Report Analysis & Prediction EE,'
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 156N 003 01:02:27
SAEED Az 2486 .3
El B3 78

Initializel Earth *v"iew! TargetDTHI SimTimeI Ephemeriz | TLE Viewerl Pasz Reports  AFRS iMuItiTrackI .-'funtennal Astro !

Download APRS data from Internet [or enter pour own ADDRESS : PORT |
I ;! [fterkiet =1iee]
Download | Hownload
- Dizplay Contral
Callsign Latitude  Longitude At Comments Clear | Load “AprsData TAT" I Count 333
AA0SH 44083 92525 1] PHGE100/Torw in Rochester, MM MMNOLMROCHESTE-240-< 5305 i!
AMIZC-3 38.EET7 92776 1 PHGEZI0MWiIRAPRS 251 -MOMONTIPTON -251-<5302
Ab3H 41,392 82022 1 01,32 _272/011g.. 1051 PODORE2010083.0 VP
Abdl 7265 80104 1l PHGE120AWIRAPRS 251 MARDASALEM -281-<530:
AbdT1-S 36154 118144 1994 000/000.4=001934
BAT 47163 22348 0 PHGA2004 oun in Puyallup Aw/APIEPUYALLUP-261 - 530
Ab4TM-11 7563 -87.691 1l PHGE420M-R-T-EY Digi Dixon, Ky,
ALT0F-14 33620 -24.478 1] 28 BB ul74/047 Mic-E M2An Service:
AB4EZ-T 29912 -85 582 n PHGROAMASTIR -Linus 1.1.4
ABSWS 39,003 -84.689 1 PHGEZ34/AB S S @anlnet - DAKBROOK - KYBOOFLOREMCE-251-¢
ABBCC 34,045 -96.374 1 2m-lp gateway in Durant, QK {UIV32}
ABRIY 35,940 -96.860 1 ABRIY"z APRS Station [Agra, Ok] {UIW32ZM} _1!

The project takes an interesting twist on this addition. The Automatic Position Reporting System
(APRYS) developed by Bob Bruninga, WB4APR, is used for tracking and digital communications
with mobile GPS equipped stations with two-way radio (ref. http://www.aprs.org). SCRAP
provides an Internet access that downloads APRS station information residing on multiple WEB
servers as defined by the APRS Protocol published by the Tuscon Amateur Packet Radio
Corporation.

The APRS protocol is not a very straightforward design, as multiple venders have added their own
unique twists. SCRAP inits current form can only decode the smple latitude, longitude and
atitude of most stations and attempts to display the broadcasted comments. Compressed APRS
data fields are not supported.

To use the Internet download feature, select the desired WEB server and press “Internet
Download”. If the counter does not increment, try another server, not all serversin my current list
provide the proper protocol. Most serverswill never disconnect, so the SCRAP design lets you
determine when enough stations have been added to the list. Y ou can go to multiple servers and
add more stations as desired.

A file import option has been added that allows the user to import a text file dump of the Internet
APRS servers. Thisisuseful for displaying locations without the need for an Internet connection.
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Multi-Track
@ SCRAP 1.26 Satellite Contact Report Analysis & Prediction EE,'
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 18N ov03 01:11:33
| v I_'.-‘-‘-.E‘n.EED Az 2500 a2
El -EE -17E
Initialize | Earth *v"iew! Target OTH I SimTimeI Ephemeriz | TLE Viewerl Fass Hepu:urtsl APRS  Multi Track I.-'—‘mtennal Astro !
Eclpze Squint  Orbital ;
Current Pasz Fik) El Lon Lat  HRange Al Dotk ongle  Phase Orhit
A0-7 739 40 271 47T J674 1463 1.6 no 93 32695
AO-10 2237 31 2082 102 18R00 1B09E 1069 no 93 12562
uo-zz2 2150 21 2224 260 2973 7hB -40.4 no 243 B4704
[0-26 185 136 2477 B33 2129 807 11.4 no 177 hz2ad
MO-45 2197 498 2332 433 1013 804 2R 4 no 102 11088
Predicted Paz= Az El Lon Lat  Range GMT Time Rize
R5-1213 1048 1.0 2743 327 2830 Sat18Meov0Z 011208 000054 -
Do-17 A3y 1.9 2836 H45 3500 Sat18Movis 01:1345 000215
AO-27 1473 193 2631 02 G013 Sat 15MovE 01:18:359 00:07:04
S0-42 2072 199  2ES9 07 RE29  Sat18MovO3Z 011858 000724
POSAT 1462 -231 2661 B3 BE18  Sat 15Movl3E 01:20:21 Q0.0 47
FO-29 ane 71 3447 B41 B599  Sat 15Maovls 01:20:24 00:08:49
uUo-14 1588 624 3029 719 1267 Sat 15Maov03 01:40:49 002315
uo-11 1683 693 3/02 800 12594 Sat 18Mov03 014704 003530
W18 1845 735 B33 784 13040 Sat18Maow03 01:51:23 0023948
U0-36 594 730 2689 263 12854 Sat 15Maov03 02:04:35 005303 ...'.j

This panel was inspired by the PREDICT program with some differences. The top window shows
the current potential contacts. The bottom display shows the upcoming contacts. Probably the
most useful number on this display is the time until rise of the next contact. Satellites are sorted by
risetime.
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Antenna
ik SCRAP 1.26 Satellite Contact Report Analysis & Prediction EE!
Coordinated Univerzal Tme Anterna  Look angles for GTH Sun  Moon
Sat 15Mov03 01:13:16 i
3 o E SAEED Az 28003 a6
= El €9 -17F

Initializel Earth *v"iew! TargetDTHI SimTimeI Ephemeris! TLE Viewerl Fass Hepu:urtsl APRS I Multi Track ~Antenna |.l'1‘~str0 !

— Comm Port Control Setup— — Select OTH from Target OTH menu- —Select Satelite
" Mone
M ame !e"ﬁ.ﬂ.FEE' _v_! !;:-._F_..:.-’ :_!
& COMT ¢ ComMz 0 —
egIees inutes
£ ERRE e A i Fa.0 i
- Latitude | 47437 | 0.0 Aczimiith I I™ Precision
Rl E . — =
€ COM7 € coMg | | Lonalude | 122783 | 0.0 Elevation : =
Start
Stop

This antenna feature allows the user to control an azimuth-elevation rotor for a real-time contact.
Elevation angles are suppressed until the angle rises above zero. The QTH is selected from the
“Target QTH” panel, and once you start this display, you cannot change the QTH until you stop
the action.

The precision function allows you to update the rotor with data less than one degree accuracy.
Datais sent to the rotor once per second.

The Icon will change from an antenna (currently shown), OFF or LOS for loss of signal. The Icon
isaso displayed in the upper section.
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Earth Image Control
ERASCRAP 1_26 Earth Vizualization

Sat 15Nov03 01:28:532

Use the mouse and it's | eft-button to rotate earth. Hold down Ctrl before you hit the left mouse
button to scale the earth. Right-Click the window to get the options menu. Note that options are
controllable by keyboard too.
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Numbers
Following are some basic numbers you might find interesting

NUM_SATELLITES It'sbeen said that SCRAP can handle up to 2000 satellites. At runtime the
default is500. If you wish to increase the number then include a
command line parameter that defines the total number you wish to
support, i.e. “c:\SCRAP\Scrap.exe 2000” for 2000 satellites. Just
remember that the more satellites you add to the list, the slower the overall

application runs.
NUM_COUNTRIES There are 267 countries included in the database latitude/longitude.
NUM_CITIES A total of 2267 cities are included in the database with latitude/longitude.
NUM_QTH Y ou can specify up to 50 unique QTH locations in the user-defined
“QTH.Ist” file. Thisfileis stored in the UserData directory.
NUM_APRS For some odd reason, included is space for up to 30,000 world-wide APRS

stations in the dynamic database.
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SCRAP

Public Domain Sources

1.

PREDICT written by John A. Magliacane, KD2BD kd2bd@amsat.org ,
http://www.gdl .net/kd2bd/predict.html .

The C source code ported from NORAD's Spacetrack report #3, which included
FORTRAN source for SGP, SGP4, SDP4, SGP8 and SDP8. According to a statement in
that report, the document is free of copyrights and open to unlimited public distribution.
Information found at http://www.projectpluto.com/sat_code.htm .

Two line orbital elements (TLE) are posted daily from Dr. TS. Kelso's CelesTrack website
at http://www.celestrack.com/ . The OpenGL Utility Toolkit (GLUT) Programming
Interface APl Version 3 Mark J. Kilgard Silicon Graphics, Inc. November 13, 1996,
downloaded at http://www.opengl.org/devel opers/documentation/glut/ .

NASAWASH NASA-Format Keplerian Element Set File Cleanup, updated 8 Mar 2002,
Copyright 1995 Paul Williamson, KB5MU. All Rights Reserved, permission given for
non-commercial purposes. Source and description found at
http://www.mustbeart.com/software/nasawash.html .

3-D Earth-Simulation, Ohad Eder Pressman, 2001. Source code creates the Earth sphere
and map textures with rotation, zoom-in, etc. control,
http://ohad.visual -i.com/exper/exper.htm#earth .

Equidistant Cylindrical maps from NASA/GSFC are copyright-free by Dave Pape,
pape@evl.uic.edu . Maps can be found at http://www.evl.uic.edu/pape/data/Earth/ .

The GNU General Public license for software distribution can be found at
http://www.gnu.org/copyl eft/gpl.html .
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