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NAME
predict — Tack and predict passes of satellites in Earth orbit

SYNOPSIS
predict [-utle_update_sowe [-t tlefile] [-q gthfilg [-a serial_por] [-n network_port [-f sat_name start-
ing_date/time ending_date/til{ep sat_name starting_date/tifheo output_filg [-s]

DESCRIPTION
PREDICT is a multi-user satellite tracking and orbital prediction program written under the Linux operat-
ing system by John A. Magliacane, KD2BBREDICT is free softvare. You can redistribte it and/or
modify it under the terms of the GNU General Public License as published by the Fresr&&mda-
tion, either ersion 2 of the License orwahater \ersion.

PREDICT is distrituted in the hope that it will be usefultbWITHOUT ANY WARRANTY, without
even the implied varranty of MERCHANRBILITY or FITNESS FOR A RRTICULAR PURPOSE. See
the GNU General Public License for more details.

FIRST TIME USE
PREDICT tracks and predicts passes of satellites based on the geographical location of the ground station,
the current date and time as yided by the computer systesndock, and Keplerian orbital data for the
satellites of interest to the ground station. First time usdPREDICT are praoided defult ground station
location and orbital data information files. These files are managed by the program, and are normally
located in a uses’home directory under a hidden subdirectory nanpeedict First time users will be
prompted to supplfPREDICT with their geographical location (the same as selecting op#bifrom the
program$ main menu) the first time the program is run. Latitude is entered in decigraledenorth. Lati-
tudes south of the equator are entered gsatine rumbers. Longitude is entered as decima@rdes west.
Eastern longitudes may be entered agtive rumbers. Station altitude is entered as the number of meters
the ground station is located akosea level. This parameter is nokevy critical. If unsure, mak a ealistic
guess or simply enter 0.

Users of PREDICT need Keplerian orbital data for the satellitesytheish to track that is preferably no
older than one month. The deft orbital data supplied with the program is liable to be quite old, and so
must be brought up to date if accurate results are txpeced. This may be accomplished by selecting
option[E] from PREDICT’s main menu and manually enteringerian data for each satellite in the pro-
gram’s database, or by selecting optigd] and specifying a file containing recent 2-linegferian element
data sets that correspond to the satellites in the progdamabase. Kplerian orbital data isvailable from
avariety of sources, includingttp://wwwcelestak.com/andhttp://wwwamsat.og/.

PROGRAM OPERATION
The operation o0PREDICT is uncomplicated by design. The start-up screen of the program lists the pro-
gram’s main functions. Seeral tracking and orbital prediction modes aveilable, as well as seral utili-
ties to manage the progranrbital database.

PREDICTING SATELLITE PASSES
Orbital predictions are useful for determining in alee when a satellite iggected to come within range
of a ground station. Tlyecan also be used to look back tovpoeis passes to help to confirm or identify
past obsemations.

PREDICT includes tvo orbital prediction modes to predictyapass abee a gound station (main menu
option[P]), or list only those passes that might be visible to a ground station through optical means (main
menu optioV]). In either mode, the user is @&kto select a satellite of interest from a menu, and then
asled to enter the date and time (in UTC) at which prediction calculations should start.

The current date and time may be selected bgulteby entering nothing and hitting simply the ENTER
key when prompted to enter the starting date and time.

Otherwise, the starting date and time should be entered in the form:
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DDMonYY HH:MM:SS

Entering the time is optionalf it is omitted, midnight (00:00:00) is assume@nce complete, orbital cal-
culations are started and prediction information is displayed on the screen.

The date and time in UTC, along with the sateli#évation abave gound, azimuth heading, modulo 256
orbital phase, sub-satellite point latitude and longitude, slant range between the ground station and the
satellite, and the satelligetrbit number are all displayed. An asterisk (*) displayed to the right of the orbit
number means the satellite is in sunlight at the date and time listed on the line. A plus symbol (+) means the
satellite is in sunlight while the ground station is under thercaf darkness at the time and date listed.
Under good vieiing conditions, lage satellites such as the International Space Station (ISS), the US Space
Shuttles, and Hubble Spaceld@scope, and the Upper Atmosphere Research SateliRYare visible to

the naled ge. If no symbol appears to the right of the orbit numiten the satellite is in the Eagh’

shadev at the time and date listed, and is not reitgj ary illumination from the sun.

Pressing th&NTER key, the 'Y’ key, or the space bar adwuces the orbital predictions to a screen listing
the net available passesPressing thel'’ key dlows the currently displayed screen pluy anbsequent
screens to be logged to xttéile in your current wrking directory The name gien to this file is the name

of the satellite plus a ".txt"xéension. Aly slashes or spaces appearing in the satellite name are replaced by
the underscore () symbol. The logging feature may be toggled onfaatchiof time by pressing the.”

key. Exiting the orbital prediction mode by pressingf or hitting the ESCape ley will also close the log

file. The log file will be appended with additional information if additional predictions are conducted for
the same satellite with the logging feature turned on.

Selecting V] from PREDICT’s main menu will permit a ground station to only predict passes for satellites
that are potentially visible through optical means. Since all other passes are filtered out in this mode, and
since some satellites mayveearrive ove a gound station when optical wiéng conditions are possible,

the program prades the option of breaking out of visual orbital prediction mode by pressifig $3ape

key as alculations are made. A prompt is displayed at the bottom of the screen to alert the user of this
option.

In either orbital prediction mode, predictions will not be attempted for satellites that verise abee

the ground statios’horizon, or for satellites in geostationary orbits. If a satellite is in range at the starting
date and time specifieBREDICT will adjust the starting date back in time until the point @S\so that

the prediction screen displays the first pass in its entirety from start to finish.

SINGLE SATELLITE TRACKING MODE
In addition to predicting satellite passBREDICT allows satellites to be traeld singly in real-time using
PREDICT's Single Satellite facking Mode (main menu optidii]), or simultaneously as a group of 24
using the progrars’Multi-Satellite Tfacking Mode (main menu optidiM]). Thepositions of the Sun and
Moon are also displayed when tracking satellites in real-time.

Selecting optiofT] from PREDICT’s main menu places the program in Single SatellitcRing Mode.
The user will be prompted to select the satellite of interest, after which a screen will appear and display
tracking positions for the satellite selected.

In Single Satellite fiacking Mode, the current date and time are displayed along with the sataliite’
satellite point, its orbital altitude in both kilometers and statute miles, the slant range distance between the
ground station and the satellite in both kilometers and statute miles, the current azimutliatiod akad-

ings tavard the satellite, the orbitaklocity of the satellite in both kilometers per hour and statute miles per
hour, the footprint of the satellite in both kilometers and statute miles, the orbital phase of the satellite in
both modulo 256 and 360, as well as the current orbit nunfdditionally, if the satellite is currently in

range of the ground station, the amount of Doppler skifeeenced by the ground station redag dovn-

links at 146 MHz and 435 MHz are displayed, as well as the ayepath loss for these frequencies. The
predicted time of LOS as well as sunlight and visibility information are also displayed at the bottom of the
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screen. If the satellite is not in range, then the Doppler shift and path loss calculations are not performed,
and the net predicted S date and time is sla at the bottom of the screen.

If a soundcard is present on your machine and the Single Satedliteiig Mode is imoked with an upper
case T’ rather than a lwercaset’, PREDICT will make periodic wice announcements stating the satel-
lite’s tracking coordinates in real-time. Announcements such as:

"This is PREDICT Satellite is at 5 6 dgrees azimuth and 4 5glees eleation, and appraching.”

are made at inteals that are a function of hoquickly the satellite is mang across the sk Announce-

ments can occur as frequently asrg 50 seconds for satellites innaearth orbits such as the International

Space Station (370 km), or as infrequently asye8 minutes for satellites inevy high orbits, such as the

GE-2 geostationary satellite (35780 kmpidé announcements are performed as background processes so

as not to interfere with tracking calculations as the announcements are made. Announcements can be forced
at ary time by pressing thel” key in Sngle Satellite Tacking Mode.

MULTI-SATELLITE TRACKING MODE
Selecting[M] from PREDICT’s main menu places the program in a real-time multi-satellite tracking
mode. In this mode, all 24 satellites in the progedatabase are traeld simultaneously along with the
positions of the Sun and MoonraEking data for the satellites is displayed io twlumns of 12 satellites
each. The name, azimuth headingyatien, sub-satellite point latitude (in giees North) and longitude (in
degrees Vést) positions are pvaled, along with the slant range distance between the satellite and the
ground station (in kilometers).

A letter displayed to the right of the slant range indicates the sasedlitdight and eclipse conditions. If

the satellite is)eriencing an eclipse period, Biis displayed. If the satellite is in sunlight and the ground
station is under the wer of darkness, & is displayed to indicate the possibility that the satellite is visible
under the current conditions. If the satellite is in sunlight while conditions at the ground station do not
allow the satellite to be seen,nis displayed. Satellites in range of the ground station are displayed in
BOLD lettering. The S dates and times for thexhéhree satellites predicted to come into range are dis-
played on the bottom of the screen between the tracking coordinates of the Sun andPMdations are

not made for satellites in geostationary orbits or for satellitesws@nlénclination and/or altitude that the

can neer rise abee the horizon of the ground station.

SOLAR ILLUMINATION PREDICTIONS

Selecting[S] from PREDICT’s main menu will allev solar illumination predictions to be mad&hese
predictions indicate ve much sunlight a particular satellite will regeiin a 24 hour period. This informa-

tion is especially &luable to spacecraft designers and satellite groundstation controllers who must monitor
spacecraft pwer ludgets or thermal conditions on-board their spacecraft due to sunlight and eclipse peri-
ods. Itcan &en be wsed to predict the optimum times for astronauts to perfatra-gehicular actiities in

space. Solar illumination predictions may be logged to a file in the same manner that orbital predictions
may be logged (by pressihg.

OPERATING UNDER THE X-WINDOW SY STEM
PREDICT may be run under the X-Mtlow System by inoking it through thexpredict script contained
with this software.xpredictcan irvoke rxvt, xterm Eterm gnome-terminalor kvt, and displayPREDICT
in a virtual terminal winda. xpredictshould be edited for best resulte. mary cases, holding den the
SHIFT key while pressing the plus (+) and minus (eyk dlows PREDICT’s window to be re-sized when
started undexpredict

COMMAND LINE ARGUMENTS
By default, PREDICT reads ground station location and orbital data information from a pair of files
located in the uses’home directory under a hidden subdirectory nanpeeldict Ground station location
information is held in a file namaatedict.gth while orbital data information for 24 satellites is held in a
file namedpredict.tle

If we wish to runPREDICT using data from alternate sources instead of theseilddites, the names of
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such files may be passedRREDICT on the command line when the program is started ekample, if
we wish to read the TLE fileisual.tleand the QTH fileholiday.qth rather than the datfilt files, we could
startPREDICT and pass the names of these alternate files to the program in thwnfplioanner:

predict -t visual.tle -q holidagth
or

predict -g holidaygth -t visual.tle

If the files specified are not located in the curreatkimg directory then their relatie a absolute paths
should also be specified along with their nanpesdict -t /home/kd2bd/orbs/visual}le

It is also possible to specify only one alternate file while using tlailidéér the otherFor example,
predict -t visual.tle

reads QTH information from the deflt “/.predict/pedict.qth location, and TLE information from
visual.tle while

predict -q bobs.qth

reads QTH information frorhobs.qthand TLE information from the dafilt™/.predict/predict.tlelocation.

QUIET ORBITAL DATABASE UPDATES
It is also possible to updaRREDICT's satellite orbital database using another command line option that
updates the database from AR two-line element data sdeREDICT then quietly ®its without dis-
playing aiything to the screen, thereby eliminating the need for entering the program and selecting the
appropriate menu options. This option igdked using the-u command line switch as folles:

predict -u orbs248.tle

This example update®REDICT's default orbital database with theeldlerian elements found in the file
orbs248.tle PREDICT may be updated from a list of files as well:

predict -u amateutle visual.tle weathdte

If an alternate datafile requires updating, it may also be specified on the command line usiagitblk
as follows:

predict -t oscatle -u amateutle
This example updates thescartle orbital database with the baline element data containeddamateuttle.

These options permit the automatic updaté®’REDICT's orbital data files using &plerian orbital data
obtained through automatic means such as ATPP, or pacsat satellite denload.

For example, the follaving script can be used to upd&®eEDI CT’s orbital database via the Internet:

#!/bin/sh

wget -gc www.celestrak.com/NORAD/elements/amateur.txt -O amateur.txt
wget -gc www.celestrak.com/NORAD/elements/visual.txt -O visual.txt
wget -gc www.celestrak.com/NORAD/elements/weather.txt -O weather.txt
/usr/local/bin/predict -u amateur.txt visual.txt weather.txt
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To truly automate the process of updating your orbital databasefreaabee mmmands to a file in your
home directory (such &epupdate, and add the follwing line to your crontab (typerontab -eto edit your
crontab):

02 *** kepupdate

andPREDICT will automatically update its databasesgy day at 2:00 AM.

AUTOMATIC ANTENNA TRACKING
Using the PIC/TREK antenna rotator intexte created byivenzo Mezzalira, IW3FOL <http://digilan-
deriol.it/iw3fol/pictrack.html>, PREDICT can automatically control the position of AZ/EL antenna rota-
tors, and kep antennas accurately pointedvaa a satellite being traekl by PREDICT. The
PIC/TRACK interface connects between the B&frial port and the antenna rotatoacking data from
PREDICT is directed to the appropriate serial port using-#h®mmand line optionFor example:

predict -a /de/ttySO

will send tracking data to the first serial port when the program is tracking a satellite in the Single Satellite
Tracking Mode.The data sent to the serial port is of the fotA¥Z241.0 EL26.0"

ADDITIONAL OPTIONS
The -f command-line option, when folied by a satellite name or object number and starting date/time,
allows PREDICT to respond with satellite positional informatiofhis feature allews PREDICT to be
invoked within other applications that need to determine the location of a satellite at a particular point in
time, such as the location of where a CCD camera imagdaien by a Bcsat satellite based on its times-
tamp.

The information produced includes the date/time in Unix format (the number of seconds since midnight
UTC on January 1, 1970), the date/time in ASCII (UTC), theattm of the satellite in dgees, the
azimuth heading of the satellite, the orbital phase (modulo 256), the latitude (N) and longitude (W) of the
satellites aub-satellite point at the time specified, the slant range to the satellite in kilometers with respect
to the ground statiog’location, the orbit numbgand the spacecraft’aunlight visibility information.

The date/time must be specified in Unix format (humber of seconds since midnight UTC on January 1,
1970). Ifno starting or ending time is specified, the current date/time is assumed and a single line of output
is produced.If a starting and ending time are specified, a list of coordinatgimrieg at the starting
time/date and ending with the ending time/date will be returned by the program with a one second resolu-
tion. If the lettermis appended to the ending time/date, then the data returned by the programend ha
one minute resolutionThe-o option allavs the program to write the calculated data to an output file rather
than directing it to the standard outpuvide if desired.
The proper syntax for this option is as falk

predict -f ISS 977446390 977446400 -o datafile

A list of coordinates starting at the current date/time and ending 10 seconds later may be produced by the
following command:

predict -f ISS +10

If a list of coordinates specifying the position of the satelliterye minute for the ne 10 minutes is
desired, the follwing command may be used:

predict -f ISS +10m

If a satellite name contains spaces, then the entire name must be enclosed by "quotes".
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The -p option allawvs orbital predictions for a single pass to be generatd?RBDICT via the command-
line. For example:

predict -p OSCAR-11 1003536767

starts predictions for the OSCAR-11 satellite at a Unix time of 1003536767 (Sat 200ct01 00:12:47 UTC).
If the starting date/time is omitted, the current date/time is u$edpass is already in progress at the start-

ing date/time specified, orbital predictions arevadoback to the bginning of AOS of the current pass, and

data for the entire pass fronO& to LOS is praided.

When either thef or -p options are used®REDICT produces an output consisting of the date/time in Unix
format, the date and time in ASCII (UTC), thewvat®on of the satellite in dgees, the azimuth of the satel-
lite in degrees, the orbital phase (modulo 256), the latitude (N) and longitude (W) of the saiteibite’
satellite point, the slant range to the satellite (in kilometers), the orbit nuantehe spacecraft'ainlight
visibility information. For example:

1003611710 Sat 200ct01 21:01:50 11 6 164 51 72 1389 16669 *

The output isrt’annotated, bt then agin, it's meant to be read by other soéire.

SERVER MODE
PREDICT’s network soclet interfice allavs the program to operate as a sewcapable of prading track-
ing data and other information to client applications using the UDP protitiésleven possible to hee the
PREDICT sener and client applications running on separate machine&ptbthe clients are connected
to the serer through a functioning netwk connection.

The-sswitch is used to staRREDICT in sener mode:
predict -s

By default, PREDICT uses soost port 1210 for communicating with client applicatiori$ierefore, the
following line needs to be added to the end yeta/servicedile:

predict 1210/udp

The port number (1210) can be changed to something else if deShiede is no need to recompile the
program if it is changedTo run more than one instance PREDICT in sener mode on a single host, an
alternate port must be specified whevoking the additional instances BREDICT. This can be accom-
plished by using then switch:

predict -n 1211 -t other_tle_file -s

When irvoked in server mode PREDICT immediately enters Multi-Satelliterdcking Mode, and mals

live tracking data \ailable to clients.Clients may pollPREDICT for tracking data when the program is
running in either the Multi-Satellite or Single Satellitadking Mode. When in Multi-Satellite Tacking

mode, tracking data for grof the 24 satellites in the prograswiatabase may be accessed by client applica-
tions. Whernin Single-Satellite facking mode, only Vie tacking data for the single satellite being teatk

may be accesseckither tracking mode may be ended ay éime. Whenthis is done PREDICT will

return the last calculated satellite tracking data until the programaia agt into a real-time tracking
mode. Thisallows the user to return to the main menu, and use other features of the program without send-
ing potentially harmful data to client applications.

The best \ay to write a client application is to use the demonstration program (demo.c) included in this dis-
tribution of PREDICT as a guide.The sample program has commentspla@an hav each component
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operates. lis useful to pipe the output of this program throlgdsto easily bravse through the data
returned demo | less

In operation, a character array is filled with the command apdreents to be sent RREDICT. A soclet
connection is then opened, the request is sent, a responsevisdieard the soek connection is closed.
The command and guments are in ASCII x¢ format.

Several excellent netwrk client applications are included in this releas®REDICT, and may be found
under thepredict/clientsdirectory

ADDING SATELLITES
One of the most frequently ask questions is hosatellites inPREDICT's orbital database may be added,
modified, or replacedAs it turns out, there area@al ways in which this can be don@robably the easi-
est is to manually edit youf.predict/pedict.tlefile, and replace anxisting satellites entry with 2-line
Keplerian data for the mesatellite. Ifthis method is chosen, Wever, just male aure to include ONY the
two line data, and nothing else.

Another vay is to is select thed¢board Edit option from the prograsnMain Menu, select a satellite you
wish to replace.Edit the name and object number (replacing the old information with thenferma-
tion). Justhit ENTER, and accept all the other orbital parameteranshd@etback toPREDICT's Main
Menu. SelecAuto Update, and then enter the filename containing the 2-line element data fawrdte f
new satellite. Thenew satellite data should be detectedRREDICT, and the orbital data for the old satel-
lite will be overwritten by the nes data.

NEAT TRICKS
In addition to tracking and predicting passes of satelRBEDICT may also be used to generate A
two-line Keplerian element data set from data enteredeyadard. Br example, lets say youte listening
to Space Shuttle audio re-broadcasts vis8WAN and Keplerian elements for the Space Shugttebit are
given by the announceiThe orbital data proded by WA3NAN in verbal form may be manually entered
into PREDICT’s orbital database using opti¢g] of the prograns main menu (Kyboard Edit of Orbital
Database). The orbital data for the Space ShuttlA@ANtwo-line element form can then be found in your
orbital database file, and may imported ty atiner satellite tracking program that accepts-tine element
files or distriluted to others electronically

It is also possible to ruBREDICT as a background process and direct its display to an unused virtual con-
sole by using the follesing command:

predict < /dev/tty8 > /dev/tty8 &

Switching to virtual console number 8 (ME8 in text mode) will allav PREDICT to be controlled and
displayed een dfter youVve logged out.This is especially handy when runniRREDICT in sener mode
on a remote machine.

GLOSSARY OF TERMS
The following terms are frequently used in association with satellite communications and space technology:

AQS:
Acquisition of Signal - the time at which a ground station first acquires radio signals from a sBteitite.
DICT defines S as the time when the satellite being teackomes within +/- 0.03 deces of the local
horizon, although it may ke  rise higher than this before signals are first heard.

Apogee:
Point in a satellites arbit when the satellite is at itarthest distance from the easgtdirface.

Anomalistic Period:
A satellite orbital parameter specifying the time between suseegsiigees.
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Ascending Node:
Point in a satellites abit when its sub-satellite point crosses the equatatingsouth to north.

Azimuth:
The compass direction measured clockwise from true nbttith = 0 dgrees, East = 90 deees, South =
180 dgrees, and \ast = 270 dgrees.

Descending Node:
Point in a satellites abit when its sub-satellite point crosses the equatatingaorth to south.

Doppler Shift:
The motion of a satellite in its orbit around the earth, and irnyroases the rotational motion of the earth
itself, causes radio signals generated by satellites to beegaei Earth at frequencies slightly €ifrent
than those upon which thaevere transmittedPREDICT calculates what &fct these motions ke yon
the reception of satellites transmitting on the 146 MHz and 435 MHz Amateur Radio bands.

Elevation:
The angle between the local horizon and the position of the satellite. A satellite that appears disectly abo
a particular location is said to be located at awvatien of 90 dgrees. A satellite located on the horizon of
a particular location is said to be located at avatlen of O dgrees. Asatellite with an eletion of less
than zero is positioned b&lahe local horizon, and radio communication with a satellite in such a position
is not possible under normal circumstances.

Footprint:
Diameter of the Earth’surface visible from a satelliteThe higher the satellite’arbital altitude, the greater
the footprint, and the wider the satelli@@mmunications ogerage.

LOS:
Loss of Signal - the time at which a ground station loses radio contact with a s@RIE®RICT defines
LOS as the time when the satellite being temckomes within +/- 0.03 deses of the local horizon.

Orbital Phase:
An orbital "clock” that describes a satellgerbital position with respect to perigee. Orbital Phase may be
modulo 256, or modulo 360, and is sometimes referred to as mean anomaly when speaking of amateur
radio satellites in elliptical orbits, such as the Phase 3 satelltdstal phase is zero at perigee.

Path L oss:
The apparent attenuation a radio signal ugoles as it tnaels a given distance. This attenuation is the result
of the dispersion radio aves experience as tlyepropagte between transmitter and reeeiusing antennas
of finite gain. Free space path loss is technically an oxymoron since free space is loss free.

Perigee:
Point in a satellites arbit when the satellite is at its closest distance to the saxtiiace.

Nodal Period:
A satellite orbital parameter specifying the time between suseeasiending nodes.

Slant Range:
The straight line distance between the ground station and the satelliteat tnge.

Sub-Satellite Point:
The latitude and longitude specifying the location on the Earth that is directly thelsatellite.

ADDITIONAL INFORMATION
Detailed information on the operation BREDICT’s UDP soclet-based intedce as well as sample code
for writing your avn client applications isvailable in thepredict/clients/samplesubdirectory The latest
news is @&ailable through the dicial PREDICT softnare web page located at:
<http://www.gsl.net/kd2bd/predict.html>.

FILES
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“I.predict/predict.tle
Default database of orbital data

“I.predict/predict.qth
Default ground station location information
AUTHORS
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