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]Iuring the ‘J’OI’l;X/J)OSl; lllON  lnission  design process, the Jmxt was identified
for software capable of generating a prcdichxt  set of orbital events for usc in view pcrioct
scheduling and swplence planning. As a result, the h4ission IJcsign Section of tk Jet
Propulsion 1 .aboratory dcvclopcd  the Orbit 1 Ncnt IYogram (01 H’) as an extension of the
l’lanctary  Observer l’hmning  Sof[warc (1’01’S). The OIH> js an analytical software tool
that scarchcs for the occurrence of various satellite geomctricrs  relative to the carlh, sun,
l~ccp Space Network (lMN) stations, and the “J’racking  and IIata Rc]ay Satellite System
(’J’IIRSS). in general, the events conq)tltcd  by the 01{1> arc functions of the spacecraft
tra&tory  and attitude.

‘J”hc (O1?l] js used by the ‘J’Ol)liX/J’OSlilllON  Navigation ‘J’cam (NAVT)  to
gmcratc  an Orbit l~vcnt l;jlc (O1O;), w}]ich consjsts  of a select group of time-ordcrd
events to bc used jn mission p]anning  for the “I’OPIIX/J’OSIHl  )ON spacecraft, ‘J’hcsc
events include orbit revolution OccHJTcJlcCs, lanha  crossings, verification site closest
approach, lXIN sta~ion rises and sets, ‘J’I>RSS rises and sets, spacecraft occultation from
the sun, solar intcrfcrcnce  with communication links, orbit sun time, beta-prime (P’ is
defined as the an glc bet wccl I the carlh- sun vector  and the pro~cc.lion  of this ved or onto
the orbit al pJanc)  events, and Radio lirCq LlCJICy  lntcrfcrcncc (RI iJ) and South Atlantic
Anolnal y (SAA) ZOJ]C entry and exit, J{vcnts related to the ‘J’O1)l {X/l IOSlOIX)N 1 ligh
Gain Antc,nna orientation ad gimbal angle rates nl-c also included. I/or each event, the
day JIUJI)bCJ and time of the event, cycle number, pass nUJIlbCJ4,  rcv numbm,  latitude,
longitude, cvcllt  mnc]l)onic,  and event ktcntification  J)aJnbcr arc written to the 010;.
‘1’ab]c  1 is an cxamp]c  of an abbreviated 01 i];, containing ‘1”1>1<SS vjcw period
information and verification site ovcl Jlig,ht occurrences, in addition to the Olili, a variety
of orbital paramctcjs  (1 WA N’I’S) can bc written to an ASC11 file upon the occurrcJIcc  of
spceific  mbit events, or at user-defined time stcJ)s.

A thir( y scconct  accuracy rc.quircmc.nt  was placed on the. 0111) by the
“1’01’1 ix/l’osl  HIX)N Ground system. More sJ~ccifically,  it is rquircd  that each cvcmt
time JJrintcd  to the 01;1; be accurate to withjn thirly sccoJds of tJ~c actual  orbital event
c<xpc.ric,ncc.d  by the. spacecraft, A variety of Jl)CthOCtS  haVC been CINJ)]OyCCt  to test
illdividua]  print Cvcnts  in the O1;l>,  iJlc]udill~,  a Jigorous comparison with a l’1’CdiCkd ~itc
Acquisition ‘1’able (I>SA”l’) suJ~J~liccl  by NASA (ioddatd SJ>acc  l~Jight Center (GSIQ.
Ongoing cxpcricncc  has motivated rcfinclncnts in Ihc models cmployd  by the 01 lJ), to
inercasc  accrlracy in the computation of orbital events. l~light  data received  in the
tclcmctry  during ‘1’01>13Xfl)OSI{l lJON oJ)crations Jlas verified the accuracy of the events
wj-itkn to the 01 ll;.  l;or cxanlJ)lc,  ‘J’able 2. contains data associated with solar occmltat  ions
cxpcJicIKMI  by ‘I’Ol)llXfl>OSl  illlON.  )ilight  data rc,ccivcct from the on-bead coarse sun
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sensor is compawd with the occultation times as ]mdicmct by the 0111’. Originally, tllc
height of the atmosphere used by 0111’ for occultation comJJu[ations  was 90 km.
ljol]owing the comparison with ac[ua] flight data, the atmosphere llcigh( input  for lhc
01{1’ was ctccrcascd to 27 km.

‘J’hc spacecraft cphmcris proccsscd by the 010’ is crcatcd by the l’lanctary
Observer I .oIng-”1’crm  Orbit l’redictor (1’01 .01’). “J’hc 1’01,01’ software, incluctc.  in the
original l’O1)S package, integrates an initial set of classical mean orbital clcmcnts in a
nonrotating  planet mean equator and Cquitlox  of epoch coordinate frame. Iiorccs moctcld
by 1’01.01’ can incluctc gravity spherical harmonics, atmospheric drag, solar radiation
pressure, and luni-solar third body effcds,

lhring  mission operations, the GS1i~ l;ligllt ]Iynamics liacility  (l;l>l;) provides
tl~c Jet l’roJ~ulsion 1.aboratory  ‘I’OI’llX/l’OSl{  ll)ON” Navigation ‘I”cam  with orbit
determination solu(ions  bawd on tracking data, ill the form of Jlxtcndcd Precision Vectors
(I H’VS). ‘Jim JH’VS arc transmittc.d  via NAS~OM  through the ‘J’clcmctry,  ~ommand and
~ol~~l~~tll~icai.iol~s  Subsystcm (’1’(XH3) from the 111)1 J to the NAV’I’, as shown in liigurc  1.
‘J’hc Navigation Team convcr[s  the vectors into mean clcmcnts for NSC it] orbit
propagation. ‘J’hc Satdlitc  l’crformancc  Analysis ‘1’cam (SPA”]’) provides constraints
rc]atcd to the satellite geometry for input  into the 0111’. ‘1’hc resulting O]tli is Ihcn
ctclivcrd  by the NAV”I’ to the Mission Planning am-t Se~mmcing  ‘1’cam (h41’S’J’)  for usc in
clcvcloping  tlhc mission sc~ucncc.

]’rior to launch, the 0111’ was used extensively in the design of the
‘I’OI’llX/l’OSIil llON operational orbit and the. assessment phase n~ancuvcr  scqucncc.
IAIJiJI~  routine ‘I’OPllX/l’OSl  ;lllON  ol)clatiom,  the Olll; is delivered to the M} ’S’J” on a
wc.ckly basis. A standard Olil: covers a four[ccn day time pcrio(t, beginning at 00:00:00”
Gh4’1’ on the fourh Monday  following cad We<lncs(tay  IH’V ctclivc]y.

] ‘roll] the Olil~,  the Mission ]’]allncrs gcncratc  scvcra] p]”oduc(s. ‘J’hc cvcllts of the
010/  arc incorporated into the Scqucncc  of 1 :vcnts (S011) and the Space} ‘li~llt  Opcrat  i ons
Schcdulc  (S1;OS). ‘1’he SOl~ is a listing, of the stored and real-time commands to bc
u])linkcct  to the satellite, while the Sl~OS is a timclinc  of ‘I’O}’l{X/J’OSI lll>ON activities in
graphical fcom, ‘1’hc OliI~ is also usd as input for the ‘1’1)}<SS Rcsourcc  [Jscr’s
Schcctuling  ‘1’001 software., dcvclopcd  by the University of (;olorado for scheduling
‘1’1)1{SS and I)SN activities. A samp]c 01{1;  Views (%ar[, as pJmtuccd  by the M1)S’J’, is
shown ijl l;igurc  2.. ‘1’hc Views CXarl  displays availab]c  view pcriorts  for two sclcctcd
‘1’111{SS sate~llitcs and the IIc.cp Space Network stations. ‘1’hc Ml’S’l’ also uscs the
land/sea crossing information provided in the 01{1;  to dclmnine  approprjatc times to
enact special procedures, sLIch as altimctcl  borcsight  calibration mancmvcrs.

‘1’hc 01;1’ has proven to bc a vcj satilc piccc  of mission operations soflwarc  with a
wide range of applications. ‘1 ‘hc program may bc uscfu] for planetary orbiters other than
‘J’OI’liX/l’OSl ilIION. Only the cvcllts  rc]atcxl to the, 1 ligh Gain Antenna field of view arc
specific to the “1’01’1  lX/1’OSl  1111(3N mission; the remainder of the events may a]q)licab]c
to other missions, inducting those cksignc-d  to orbit bodies other than car(l).
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‘l”ab]c 1. Sam]dc Chhit  l}vcnt lijlc.
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1’1 ‘1’1 ,1:: OI;IJ
I“] ] ,RNAM},:c NAV. ORFj . ~,xrJ,_/
Ill:G]N,]  993-03]’I>14:4L:  00.000
KNlk1993-  0:311’17  :2.5:00. 000
‘I’l: AM= NAV’I’
OPI,:K=AIIMR1)  SAI,AMA -- RX’I’KNSION :{-0983
I’ROJ=TO1’KXII)OSKIIDN
1’ROG=O}t}’  VI?l’SiOll  3.6 - 26 }.Ug 1992
S1S 11)> 633-74:+-23-00!>

llSKf<  IN PU’1’S
31:SITJ(I

NAM,NASAVJiKII’
s:[r~,k:]=  239,319, 34.469, O.oclo

I;I,VMSK[ 4): 0.000
}<NAI>lK( 4)= 30.000

210:1’1)KM71SIVI’
211 = TJ)NK7,R11  s
220. I’IJXSI’SITJ
221 :1’l)F:SI’RI  s

~’AK= T’1 )}{ SF:
1,A’J’= 0.00
WI 80: <11.00
AI,7’= 35786.029

230, I,I)WR7,SE:’J,
$?:+~=’J’J)WP:7,Rl S
240=~’JJWSPSI:l’
241:g’l)wsI’Rls

TAR= ~’J)lUSW
Iln9’: 0,00
Wl!o: 1’/4.00
AT,7’= 3!786.029

250 z ‘1 ‘l)I!IIG  SR(J’
~~,],’J,l)I:}lGRls  so O.

RA’J’KA,.  .
NAq’J+l:= :{0 .00
}IGAIH ,= 80.00 88.00

1 IIGAI)I  V= )2 12
9 ‘Al<: ‘J’1  )1< S }<:

2GO=’JII)W}IGSFI’
2GI:I’IJWIIGRIS

RA’J’EA; 30.00
RA7’J?H= 30.00
llGATU = 80.00 88,00

I1lGAI)IV= 12 12
‘1’AR=I’J)RSW

2! ‘/ 1 = ‘J’l )l!CO1{I  S
?“lo=~’lv:cosn

SCAMSK(l:{)I  -33,00
I’AR= 7’1)R S}:

281=7’l)WCORI  s
280:T1)WCOSR7’

S C A M S :  - 3 3 . 0 0
I’AR=’J’J)RSW

‘NO EVEN’J’  ‘
● . . . . . . . . . . . . .
273 1993- 031’J’14
?.11 1993- 031TI!)
240 1993-032’J’15
241 I!J93-031’J’)5
230 1993-031’J’15
280 1993- 0311’15

I MR CYC I’AS
. ..- . . .

4!1:15.745 14 40
03:13.423  14 41
30:24.316 14 41
33:OG.8-/9 14 41
33:06.8”/9 14 41
46:07.292 14 4.?

I,A’J’ MNEMONIC
. . . . . .

-G!>.0”1  ‘YJ>KCORIS
.36.jG ‘J’I)R137,R]S
42.10 ‘J’l)WS}’SR’I’
49.lG 7’I)WSPRIS
49.lG TJYWN7,SFYJ’
6[,,13 q’l)WCOSl!’J’

~[,o ]993.0:\II)15:!,3:2-/.361  14 42 222!, 29.25 5] , [1!, ‘l, I) JO IGSK<J,
210 1993- 031’1’15 :55:01.440  14 42 2225 33.”/6 4 ‘/ .9:> ‘1,1  )KK7,SK’J’
~~,j 1993. 031q,I!,:5!,:08.661 14 42 2225 34 .0’/ 4-1.64 ‘J’J)l;}IC;NI S
281 1993-031T’16:20:46,8”/4 14 42 2225 6[1.94 -2:1.81 ‘J’I)WCORIS
231 1993- 031’J’16:30:50.G05 14 42 222.5 [{9.-/G -!,2.8’/  T,J)W}C7,R]S
213 1993- 0311’17:14:4!).412  14 43 2226 2:{1.91 19.34 1’1)1!1:7!}<1  s
32 1993-031’J’1”/:20:03.2Gl 14 43 2226 239.31 34.4”/ S1l’}11
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‘1’ab]c  ?. CUoarsc Sun Sensor lrlight l)ata ~ojnpad  with 010’ Occultatio{~  l’rdictions
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