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SATELLITE ORBIT PREDICTOR

The satellite orbit predictor is a graphical aid for determining the relationship between the
satellite (SARSAT or COSPAS) orbit, antenna coverage of the spacecraft and coverage of the
LUTs. The predictor allows the user to quickly visualize if a selected position will probably be
detected and is composed of a base map and a satellite track overlay for each satellite. Addition-
ally, a table of equator crossings for each satellite is included.

In order for a LUT to receive ELT/EPIRB information from a satellite, mutual visibility be-
tween the satellite, LUT and ELT/EPIRB must occur. Mutual visibility requires two simultaneous
conditions:

a. The satellite subtrack or ground track must lie within a LUT coverage circle for at least 4
minutes.

b. and the suspected ELT/EPIRB must lie within the satellite antenna coverage swath during
the 4 minute period. ,

The base map is a polar stereographic projection of the northern hemisphere. The LUT cover-
age circles are based on the LUT seeing the satellite at the horizon. On projections of this type
equal increments of latitude are not equidistant. Therefore, the map includes a dot matrix in the
ocean areas with the dots printed as a one degree latitude by one degree longitude field. Another
property of the projection is that the center of the LUT coverage does not coincide with the
actual geographical position of the LUT.

The overlay shows the satellite ground track or subtrack (black) starting from the ascending
node (northbound equator crossing) and continuing minute by minute across the overlay. In ad-
dition, the 10 degree coverage limits of the spacecraft antenna (red) are plotted on both sides of
the subtrack. The yellow lines connecting the antenna coverage swath and the subtrack indicate
time in minutes. Just to the west of the left hand antenna coverage limit is a short line segment
(labeled “next pass”) which is the index for the next ascending node equator crossing.

The table of satellite equator crossings contains the zulu date/time group that a satellite will
cross the equator northbound, the orbit number, and the longitude that it will cross the equator.
A particular orbit starts when the satellite crosses the equator northbound (ascending) and ends
just prior to the next ascending node equator crossing. The longitudes are listed in degrees east
longitude, i.e., a negative number in this column is a west longitude.

To use the predictor, first select an equator crossing from the table and then rotate the satel-
lite overlay to position the satellite subtrack over the selected equator crossing longitude. The
predictor now represents the satellite ground track for the selected orbit. Subsequent and previous
orbit depictions can be obtained by using the ‘“next pass™ index.

For subsequent orbits... mark or note the longitude beneath the “next pass” index and rotate
the overlay clockwise to position the satellite subtrack over the new equator crossing longitude.
For previous orbits, rotate the overlay counterclockwise to position the “next pass™ index over
the present equator crossing. The ground track for the previous pass will be to the right of the
original orbit, and the subtrack for subsequent orbits will be to the left of the original equator
crossing. One can do this all the way around the wheel without sacrificing a great deal of accuracy.



So far we have just looked at positioning the overlay to obtain a depiction of a satellite ground
track for a selected orbit number and then ground tracks for later and earlier orbits. Now let’s
examine what information we can get from the depiction. When the subtrack intersects a LUT
coverage circle, the LUT will receive signals from the satellite for the time period that the sub-
track is within a coverage circle. An ELT/EPIRB is visible to the satellite when it lies within the
antenna coverage limits (red lines). Mutual visibility occurs when an ELT/EPIRB is within the
satellites field-of-view at the same time that the satellite subtrack lies within a LUT coverage
circle. From this, we can see for a selected orbit if a spacecraft will be seen by a LUT and ap-
proximately where ELTs/EPIRBs must be located to be processed by a LUT. The predictor can
be used for more sophisticated problems such as approximate AOS and LOS at a LUT, next time
an ELT/EPIRB will be in mutual visibility, and when/if an area of interest will be seen by a satel-
lite and a LUT.

To determine approximate AOS and LOS at a LUT, refer to the equator crossing table and note
the time (in zulu) that the satellite will cross the equdtor. Next, position the overlay as previous-
ly discussed and count the yellow lines from the equator to the point at which the subtrack inter-
sects the LUT coverage circle. Add the number of minutes to the time of equator crossing and
you have the approximate AOS. Continue counting the yellow lines until the subtrack exits the
LUT circle and add them to the AOS time and you have the approximate LOS as well as the ap-
proximate duration of the pass. (See example 1.)

Finding out when the next time an ELT/EPIRB will be in mutual visibility of the satellite and
LUT is simply a combination of the above two tasks. From the original orbit, move the overlay
clockwise orbit-by-orbit using the “next pass’ index until mutual visibility is established and then
reference the equator crossing table for the time of equator crossing using the longitude now under
the ascending node. By counting the minutes since equator crossing and adding them to the time
of equator crossing, one comes up with the approximate time the ELT/EPIRB will next be in
mutual visibility. (See example 2.)

Using the orbit predictor to determine when and if an area of interest will be viewed by the
satellite and the LUT is a bit more complicated. First, locate the area of interest on the base map,
refer to the equator crossing table for a longitude within plus or minus 20 degrees that has an
equator crossing time within the appropriate time frame, position the overlay at the selected
longitude and determine if mutual visibility will exist. (See example 3.) If there is not mutual vis-
ibility on that orbit, rotate the overlay using the “next pass” index until you determine that
mutual visibility exists or that the interest area is too distant from a LUT or the satellite subtrack
for mutual visibility to exist.




EXAMPLE NO. 1
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1. Refer to the equator crossing table for time and longitude of the desired equator crossing:

TIME (GMT)
day hr mn sc
292 932 4
292 11 17 26
292 13 248
292 1448 9
292 16 33 31
292 18 18 52

E. LONGITUDE

deg.dg
19.94

-6.52
-32.99
-59.45
-85.92
-112.38

ORBIT

1523
1524
1525
1526 <
1527
1528

From the equator crossing table, select orbit number 1526. The zulu date/time group for the
equator crossing is 292 (19 Oct) 1448:09. The longitude of the equator crossing is 59.45 W.

2. Position the overlay so the subtrack coincides with the northbound equator crossing and
then count the number of yellow lines (minutes) from equator crossing to the point where the sub-
track enters a LUT circle (AOS) and exits a LUT circle (LOS).
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Position the overlay so the ascending node is set at 59.45 W. Now count the number of yellow
lines from the equator until the subtrack intersects a LUT circle. In this case the subtrack inter-
sects a lut circle 5 minutes after crossing the equator, the subtrack lies within the LUT circle for
14 minutes before exiting. Adding these times to the equator crossing time of 1448:09 yields an
approximate AOS of 1453:09 and an approximate LOS of 1504:09.

EXAMPLE NO. 2

1. From the original orbit move the overlay clockwise using the “‘next pass” index until mutual
visibility is established.
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Figure 2

Assume there is an ELT located at 40 00.0 N. and 080 00.0 W. The original orbit (1526) is
within mutual visibility, and we want to know the next time the ELT will be in mutual visibility.

The “next pass’ index is at approximately 087 W. rotate the overlay until the subtrack coincides
with 087 W.
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Figure 3

By looking at the subtrack and LUT circle, we see that the satellite will see the ELT and LUT
on the next orbit (#1528). Adding the times to the equator crossing time (1633:31) gives us an
approximate AOS of 1637, a 16 minute pass with an approximate LOS of 1653.

EXAMPLE NO. 3
SCENARIO: Assume you are interested in using the SARSAT system to locate the possible
wreckage of a light aircraft that departed Charleston, South Carolina, enroute to Roanoke, Vir-

ginia. The aircraft departed Charleston at 1300Z on 19 October 1982 and never reached Roanoke.

1. Locate the route of flight or suspected ELT/EPIRB position on the base map and note the
approximate longitude.



ROUTE OF
3 FLIGHT

Figure 4

The route of flight is marked in the expanded box: approximate longitude is 080 W.

- 2. Refer to the equator crossing table and select an orbit within 20 degrees of the approximate
longitude and within the appropriate time frame.

TIME (GMT) E. LONGITUDE ORBIT
day hr mn sc deg.dg

292 11 17 26 -6.52 1524
292 13 248 -32.99 . 1525
292 1448 9 -59.45 1526
292 16 33 31 -85.92 1527
292 18 88 52 -112.38 1528

From the table there are two orbits that are within plus or minus 20 degrees of the route of
flight; 1526 and 1527. Orbit #1526 is the earliest (1448Z) and is within our time frame.

3. Position the overlay at the selected longitude and determine if mutual visibility exists or
will exist.
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AREA OF MUTUAL VISIBILITY

Remember, mutual visibility exists when the ELT/EPIRB is within the satellite antenna swath
and the satellite subtrack is within a LUT circle. We can see that the ground track is within the
LUT circle. Also, the route of flight we are interested in is within the antenna swath at the same
time the ground track is within the LUT circle. Therefore, mutual visibility exists on orbit #1526.






CALENDAR 1984

DAYS OF WEEK AND DAYS OF THE YEAR

JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC
SU 1 W 32 TH 61 SU 92 TU 122 F 153 SU 183 W 214 SA 245 M 275 TH 306 SA 336
M 2 TH33 F 62 M 93 W 123 sal54 M 184 TH 215 SU 245 TU 276 F 307 SU 337
TU 3 F 34 SA 63 TU 94 TH 124 SU 155 TU 185 F 216 MO 246 W 277 SA 308 MO 338
W 4 SA35 SU 64 W 95 F 125 M 15 W 186 SA 217 TU 247 TH 278 SU 309 TU 339
TH 5 SU36 MO 65 TH 96 SA 126 TU 157 TH 187 SU 218 W 248 F 279 M 310 W 340
F 6 M 37 TU 66 F 97 SU 127 W 158 F 188 M 219 TH 249 SA 280 TU 311 TH 341
SA 7 TU38 W 67 SA 98 M 128 TH 159 SA 189 TU 220 F 250 SU 281 W 312 F 342
SU 8 W 39 TH 68 SU 99 TU 129 F 160 SU 190 W 221 SA 251 M 282 TH 313 SA 343
M 9 TH 40 F 69 M 100 W 130 SA 161 M 191 TH 222 SU 252 TU 283 F 314 SU 344
TU10 F 41 SA 70 TU 101 TH 131 SU 162 TU 192 F 223 M 253 W 284 SA 315 M 345
W 11 SA 42 SU 71 W 102 F 132 M 163 W 193 SA 224 TU 254 TH 285 SU 316 TU 346
TH 12 SU43 M 72 TH 103 SA 133 TU 164 TH 194 SU 225 W 255 F 286 M 317 W 347
F 13 M 44 TU 73 F 104 SU 134 W 165 F 195 M 226 TH 256 SA 287 TU 318 TH 348
SA 14 TU45S W 74 SA 105 M 135 TH 166 SA 196 TU 227 F 257 SU 288 W 319 F 349
SU15 W 46 TH 75 SU 106 TU 136 F 167 SU 197 W 228 SA 258 M 289 TH 320 SA 350
M 16 TH 47 F 76 M 107 W 137 SA 168 M 198 TH 229 SU 259 TU 290 F 321 SU 351
TU17 F 48 SA 77 TU 108 TH 138 SU 169 TU 199 F 230 M 260 W 291 SA 322 M 352
W 18 SA 49 SU 78 W 109 F 139 M 170 W 200 SA 231 TU 261 TH 292 SU 323 TU 353
TH19 SUS50 M 79 TH 110 SA 140 TU 171 TH 201 SU 232 W 262 F 293 M 324 W 354
F 20 M 51 TU 80 F 111 SU 141 W 172 F 202 M 233 TH 263 SA 294 TU 325 TH 355
SA 2] TUS2 W 81 SA 112 M 142 TH 173 SA 203 TU 234 F 264 SU 295 W 326 F 356
SU 22 W 53 TH 82 SU 113 TU 143 F 174 SU 204 W 235 SA 265 M 296 TH 327 SA 357
M 23 THS4 F 83 M 114 W 144 SA 175 M 205 TH 236 SU 266 TU 297 F 328 SU 358
TJ24 F 55 SA 84 TU 115 TH 145 SU 176 TU 206 F 237 M 267 W 298 SA 329 M 359
W 25 SAS6 SU 8 W 116 F 146 M 177 W 207 SA 238 TU 268 TH 299 SU 330 TU 360
TH 26 SUS57 M 86 TH 117 SA 147 TU 178 TH 208 SU 239 W 269 F 300 M 331 W 361
F 27 M 58 TU 87 F 118 SU 148 W 179 F 209 M 240 TH 270 SA 301 TU 332 TH 362
SA 28 TUS9 W 88 SA 119 M 149 TH 180 SA 210 TU 241 F 271 SU 302 W 333 F 363
SU29 W 60 TH 89 SU 120 TU 150 F 181 SU 211 W 242 SA 272 M 303 TH 334 SA 364
M 30 F 90 M 121 W 151 SA 182 M 212 TH 243 SU 274 TU 304 F 335 SU 365
TU 31 SA 91 TH 152 TU 213 F 244 W 305 M 366
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West longitude is negative (-).
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West lengitude is negative (-).



E. LONGC. ORBIT
deg.dg

Satellite S1

TINE (CNT)
day hr an sc

Satellite C2
TINE (ONT) E. . ORBIT
day*r an ¢ dog%

Satellite C1
TIME (GNT) E. LONG. ORBIT
day hr an sc  deg.dg

N TN ON DO S N TN CAONE2 g O LN D OO D AN I TIND OO St M) NO P DO NI -0
B St o Ba oI Pa ot DatD BPBITISIIIS  ISNBLLNNNAE LS L0800 0 snEESRS
@
ASSQQSSSSSSSSSS v 5%555555555 MDA AL AL LBV RN NV LN 55555555%5%5555
) = [ 00 D W v WOt AN e T I NN OILN QOISO Ow ) 000 SMUNODOUIMISON OMOS —ip)
....47“529.61“%-&693 VOO DO DT et O GO At OB et T OJOO LA O OIS ) 701&59.63073.07592
Ot CO IOV CICIENN) OO0t On T O T OO OIS (IO S TN L MOS0 BN S UGS A7 O MY -0 0
8”36742974.2.??: Satuunt e Nt Ne m,./%247630853 tap . .u3.1365418631136
[} -t el 1 [l ‘.Ail_tl..il.. L] I} ettt et r it ot t “§ 1wt g oS -6 [ )
[}

[} : A

ey NP DD I 0J SO DO IO UMt OO0 OO NI 100 O a0 O~

WSS T SO L s 3‘0“40135124.&.0& 4511350?_40”3513 4?3?2402”2;
W DD O e O P Ol GO0t CUPIII Do O et O ALV IO €t P L o DI O et OUEI T D LIS SO GO O 653 ot 195 L O
%3”542‘420%21 53(&%31042049&04 34‘:4“15310&2042 (=01 1—320“2.%4
O OO MM BOI0N wipv) SSBOYTLNOS O iy T OO~ vy SEIMIIMNP~OSOITINDND DY SN0 O - MILAD OS O D
DD DD EICR T i Tt T et TIN] DI CDCH EI C v ot et v 1 IO EICIEICICD €O vt vt gt Tt DI COED O EI D il 40 g vt o OO O

OO OO SO I OIINCI NS OO BOPIFIP M) PO P MO rarg AP TR T TS UNAHAVNALMALN DDA LCHUOUILTY UY
RN IGIINTIDMIINT  FOMIOM MO I Mo MMM TN NN PP NINSP PP P PO PRI e
L R o P L ot ol ol el ab ol ol oo SR a2 L o B L el o bal b alabab ahal ol At T d T et Pl At Chrd Wt gd bt Tt bt Tt T e bt e

Sy RoSOoicd alNohoo-MalNo LSOO arMerinaitoce M einotS oo Hogfder
N O N e e R A
AAARLMALASLALALA AN LAMALAIRLALAALA AL LA TAAALMBA LMALUALIALIR AN ANAALAMALA AL LA
INBUNCNT DB OIS DT S DU 0 & DN NN SIS DI~ RETnoTNERERTSm

C 4 8 e % .a & g e o ® e aw « P e 8 4 % 4 e & » 2 v o e e e * . e . & . ., ARSI I AP

QO P DD LN ot Lt B < SO IO LN 00 O

7

” Y ED PR LD AT TN D> O et 93000 wt @ DO vt DD -t N OWONDSUAEE LN | O 0D D ININES A SO O A vt
1 .u.:,» H..a_al.;l...lci 3 4 4_.......(...1(..1 [} .4.&4.;.._..111. . [} a.i...a...i.‘(.....i []
‘ A Qaik-?t recy uhﬂuz v 55.‘ i\ 5‘14%1055430&2 10“54‘32118554
. e . My cew o ey Il < RTINS e av oh *8 ey SaiBA Gnas en Cias we 'e® ad es as 4= By s we e ws 6. ae e e LBA wel 40 46 Ge S0 Ws 4s ep a3 S e
COMIP O o ey B e Ot NS LN 0595 Ovear O ar O ar O~ QO QOO0 OO OO OJES OSDN ORI vt <Dt
s 44 es ee s be e - % go 4e 0% o W8 S 06 aw 4% 4+ O e es e v P8 ww “ B4, 8% e S8 xe S+ a3 'S se wR  ae B 80 e 8% B A8 ae se 4 s 4T ss B8 es 8w s v
O o VDO IO WU MU ND et oS EBOJ IO 0L O P O vt DSOS DI04 ) D00 > v
Dy ) :

OO NNOI O NICINICU OUCICY IR0 I P PO MMM MN A YA G WS @A AINNLAIUITIN RN LNV NIUNILLN
MMM I OIS MMM [T e L tar P T tapart o Y arton Tl o BN 02 U TR0 T T ot oo YR Y o Tap T o Ton T 0 T o o |
g T o Wt Wl ogd Thagd b g w0 Chogrd T g T A gt T e W e gt ot vt b ore] v gt Wt TSy it wt g vt vl vl Tt gt Ty

- 573.901_31“
Lé

My ar OO e

e . . 1 - WO
: Wn TN NN I SO SRR IRRN .

PN o :

a se em B av - ee WA ba ’e 'us ¥ R R e L T I LA I LI T ve e s er se as 4r ve as e ms ek e -es ee 80 a0 se we 4t ea ¢ a0 W e 9
> O EPAEILDY e "0 et N O EMNICI N vt OCIC IO TOMN DY Ut zﬂg
2(‘?‘. - ‘.n“ '4”””8341“532%_5 1.......;&.......3../.-05321542 Nt OJ et ) -

ae as v we ve me st e, b6 00 S Yo ov be se eebe we 6 Be we pa wr e S0 ae s v et e e ee we 4 e ar o we asie we we 4a e ss sm as we se ax 4, ee es w»
.ﬂ“?. . I O HMMNP OSSN 10} O U0 0 AN OO0 D~ et b 12‘.689%”&,
NS ﬂﬁmzzg T3] B ardor) w“33331u33333 B A A T B T A M e M 10 M. . S S S U T T ad T W T Lo g T s Tl
" [ FAPAIPA 1) PIEITIMIMITIANNNDEDPIND PPN MDD IS

16.

West lengitude is negative (-
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West longitvde is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West lengitvde is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West longitude is negative (-).
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West lengitude is negative (-).
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