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During the TOPEX/POSE IDON mission design process, the nced was identified
for software capable of generating a predicted set of orbital events for use in view period
scheduling and sequence planning. As a result, the Mission Design Section of the Jet
Propulsion 1 .aboratory developed the Orbit Fvent Program (01 $P) as an extension of the
Planctary Observer Planning Software (1'01'S). The OEPis an analytical software tool
that scarches for the occurrence of various satellite geometrics relative to the carth, sun,
Deep Space Network (DSN) stations, and the Tracking and Data Relay Satellite System
(TDRSS). in general, the events computed by the OFP arc functions of the spacecraft
trajectory and attitude.

The OEP is used by the TOPEX/POSEIDON Navigation Team (NAVT)to
generate an Orbit Event File (OEF), which consists of a select group of time-ordcrd
events to be used in mission planning for the TOPEX/POSEIIDON spacecraft, These
events include orbit revolution occurrences, land/sca crossings, verification site closest
approach, >SN station rises and sets, TDRSS rises and sets, spacecraft occultation from
the sun, solar interference with communication links, orbit sun time, beta-prime (B'is
defined as the an gle bet weern the earth- sun vector and the projection of this vect or onto
the orbit a planc) events, and Radio Frequency Interference (Rl 1) and South Atlantic
Anomal y (SAA) zone entry and exit, Events related to the TOPHX/IPOSEIDON High
Gain Antenna orientation and gimbal angle rates arc also included. Yior each event, the
day number and time of the event, cycle number, pass number, rev number, latitude,
longitude, cvent mnemonic, and event identification number arc written to the OEJ.
‘Table ] is anexample of an abbreviated 01 ¥, containing ‘1”"1>1<SS vicw period
information and verification site ovci flight occurrences, in addition to the Ol a variety
of orbital parameters (1 WA N'T'S) can be written to an ASC11 file upon the occurrence of
specific orbit events, or at user-defined time steps.

A thirt y second accuracy requirement was placed on the 0111) by the
“1'01'1 iX/POSEIDON Ground system.  More specifically, itis required that each event
time printed to the OLF be accurate to within thirty scconds of the actual orbital event
cxperienced by the. spacecraft, A variety of mecthods have been employed to test
individual print cvents in the OEP, including arigorous comparison with a Predicted Site
Acquisition ‘1'able (PSAT)supplicd by NASA Goddard Space Flight Center (GSEC).
Ongoing experience has motivated refinements inthe models employed by the 01 iP, to
increase accuracy in the computation of orbital events. Flight data reccived in the
telemetry during TOPEX/POSEIDON operations has verified the accuracy of the events
writien to the 01 i, For example, ‘J able 2. contains data associated with solar occultat ions
expericneed by TOPEX/POSEIDON. Hight data received from the on-bead coarse sun




sensor is compared with the occultation times as predicted by the OEP. Originally, the
height of the atmosphere used by OXP for occultation computations was 90 km.
Following the comparison with actual flight data, the atmosphere heightinput for the
OFP was decreased to 27 km.

The spacecraft cphemeris processed by the OEP is created by the Planctary
Observer | .ong-Term Orbit Predictor (I°01.01').  The 1'01,01" software, includedin the
original POPS package, integrates an initial set of classical mean orbital clementsin a
nonrotating planet mean equator and cquinox of epoch coordinate frame. lorces modeled
by 1'01.01" caninclude gravity spherical harmonics, atmospheric drag, solar radiation
pressure, and luni-solar third body effects.

During mission operations, the GSEC Flight Dynamics Yacility 3{D}9) provides
the Jet Propulsion Laboratory TOPEX/POSHIDON Navigation ‘Team with orbit
determination solutions bawd on tracking data, in the form of Extended Precision Vectors
(1:PVs). "Jim EPVs are transmitted via NASCOM through the Telemetry, Command and
Communications Subsystem (TCCS) from the DI to the NAV'T, as shown in Figure 1.
The Navigation Team converts the vectors into mean clements for use in orbit
propagation. The Satellite Performance Analysis Team (SPA”]’) provides constraints
relatcd to the satellite geometry for inputinto the OEP. The resulting OFlis then
delivered by the NAV'T to the Mission Planning and Sequencing Team (MPST) for use in
developing the mission sequence.

Prior to launch, the OEP was used extensively in the design of the
TOPEX/POSEIDON operational orbit and the. assessment phase maneuver sequence.
During routine TOPEX/POSEIDON operations, the Okl isdelivered tothe M} 'S'J ona
weekly basis. A standard OFl¢ covers a fourteen day time period, beginning at 00:00:00
GMT on thefourth Monday following cach Wednesday EPV delivery.

F'rom the OXE, the Mission Planners gencrate several products. The events of the
OLEF arc incorporated into the Sequence of 1 éivents (S011) and the Space} ‘light Operati ons
Schedule (SFOS). The SOY is alisting of the stored and real-time commands to be
uplinked to the satellite, while the SYOS isatimeline of TOPEX/POSHIDON activities in
graphical form. The OEF is also used as input for the TDRSS Resource User's
Scheduling ‘1°001 software., developed by the University of Colorado for scheduling
‘1'1)2{SS andDSN activities. A sample OLF Views Chart, as produced by the MPST, is
shown inFigure 2.. The Views Chart displays available view periods for two sclected
‘1'111{ SS satellites and the Deep Space Network stations. The MI’S'I” also uses the
land/sea crossing information providedin the OXF to determine appropriate times to
enact special procedures, such as altimeter boresight calibration mancuvers.

The OFEP has proven to be aversatile piece Of ni ssion operations software with a
wide range of applications. 1 °hc program may beuseful for planetary orbiters other than
TOPEX/POSEHIDON. Only the events related to the, High Gain Antenna field of view arc
specific to the TOPHX/POSEIDON mission; the remainder of the events may applicable
to other ni ssi ons, including those designed to orbit bodies other than carth.
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Table 1. Sample Orbit Event File.
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Table 2. Coarse Sun Sensor Flight Data Compared with OEP Occultation Predictions
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Figure 1. OEE Data Flow Block Diagram,
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Figure 2. OEF Views Chart.
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