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ABSTRACT

AN operational difficulty of ground receiving stations 3 10
reacquire a satellite n high elevation after a 1oss due to a
zenithal pass (when employing an Ei—over—Az antenna), a receiving
chain malfunction or another cause that breaks reception,.
Traditional recovery schemes empioy rate memory or precalculated
pointing data (programmed tracking) to command the antenna
movement after a tracking loss. The system described in this paper
has been implemented at the Brazihan Landsat receiving station.
i1t does not require a fast computer and takes very little memory,
yet has proven extremely effective, with significant advantages
over previously available systems, Extensions to the method, to be
empioyed for the upcoming Brazilian satelhtes, are discussed.
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1. INTRODUCTION

1.1 Initial Motivation for Development:
the Zenith Pass Problem

Every Remote Sensing Specialist is
familiar to some extent with the need
for tracking tow—orbit remote sensing
satellites with parabolic antennas in

order to receive and utilize the data
they transmit down to Earth.

Most antennas employed for this
purpose have automatic tracking
capapbilities, i.e., they can "follow"

automaticalily a passing satellite since
the moment it 18 "found' on tThe sky.
However, most such antennas N
operation empioy Elevation—over—Az imuth
pedestals, which have .a s5erious
fimitation for near—zenith passes.

Figures 1.1
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Although apparent iy a | Ow—
probability event, this may turn out to
be a Serious probilem for ground

stations that happen to lie 100 near to
one of the repetitive ground tracks of
sateilites such as the Landsats.

This condition determined the
initial motivation for the development
of the assisted—tracking system
descriped herein, The first Braziliian
Landsat Station, instalted in 1973 at
Cuiabéd, just 17 Km west of Landsat-i
WRS Path 243, spent several! months
without being able to acquire images
south of 1ts iocation, because it
sistematically lost the sateliite,

coming from
elevation.

the North, at 88.8 degrees
Only after the motor power
drives were modified to aliow a tittle
more current, raising the max 1 mum
turning speed 10 about 22 deqrees per
second, the problem was settled.
However, 1f Fath 243 was Just a littie
closer to the Station the overhead
coutd not be avoided.
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The devised assisted—tracking
system, N opposition 1o  programmed
tracking, took into account the antenna
elevation and azimuth readings while
locked on the satellite to compute 1t1s
position in the mmediate future,
achieving much nigher accuracy than an

analytical predictor coul!d do based on
mean orbital elements two or more Jdays
old. This would allow, even after E1g)
unavo:dable overhead i0ss, tO0 recover
after 3 few seconds 1nstead of minutes,
which was the case when ava:tabie
precaiculated pointing data were not
accurate ernougn to allow catching  up
still in high eievation.

The implementation was carried in
1982, when Braz:i was preparing for the
Themat ¢ Mapper era and a new antenna
system was  beirng purchased 10 receive
Landsat 4 N X=pand at  the  Curabsd
Station. This implementat  on 15
descraibed i Chiapter ¢ of triis paper.,

1.2 New Motivation: tne
of the First Braz:lian

“Srience Zones”
-
L

Batelilites

Although
have already
zenith pass progoiem
motorized Tt
servocontroi ted

present
overcome

GnTenna  syslems
or mimimezed the

with “rther
pedestals ar
subreflectors, a new

motivation for &N ass5is5ted—-tracking
system arose with the characteristics
of the first Brazilian satellites,
which may start fiying i1 1989. A trhird

antenna system 15 being purchased for
mmstaltatyon at Cuirabd for the tracwking
and command of these satellites.



first satellites, devoted
to platform data coltection, will be
near—-equatorial rather than near—polar
orbiters, while motorized tTiit
mechanisms like tThe one to be employed
' the purchased antenna system are
rnormally mounted 1o work in the east—
west directon., This will fimit the
efficacy of such device and assisted
tracking may still be necessary near
the zerith.

The two

the most important

assisted—tracking

However,
service that an
system can provide to the early
Braz:lian satellite program relates to
the absernice of active attitude control

on  the satellites (except for an
initi1atl spin—stapilization). This means
that at certain periods the satellite
orientation can pe such that during a
pass the Receiving Station will enter
the "silence zone" of the satellite
irradiation pattern, The resulting
signal {0ss can take from several

seconds up to a few minutes.

The initial irdea to reacquire the
sateltite after a s:ience zone was to
move the antenna to the predicted
reacquisition position and wa:it  there
for the satellite. This approach was
abandoned after two problems were
pointed out: first, the predicted
recovery couid be naccurate, since
prediction errors can affect not onily
the coordinates but a&also the RF
downilink catculation; and second, if
reacguisition  should occur 1N high
elevation the anternna acceleration
capabi ity would certainiy not be big
eriough to suddenly start following the

satellite, even v f it passed 1n front
the anternna main lobe with signal
strength above the required level.

Thus, an assisted—tracking scheme
may be empioved toc command the antenna,

keeping 1t pointed 1o the satetlite
durng the whole loss period,
quaranteeing the earliest
reacqut st oan, Chapter 3 of this
document presents possibie
modifications that can be made onto the
present design for the Brazilian
miSSon.
2. The imgiementation Carried for
Landsat—4 1n 198¢
2.7 Characteristics of the Antenna
Control Unit (ACW)

The ACU 1o be delivered with the

Braz:lian Themat ¢ Mapper subsystem was
a Screntific—Atlanta mode!l 3842. It
had, of course, autolrack capability,
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which was
operation,

1he primary mode of
and a backup mode selectabie
among rate memory, position memory and
remote command. For this last mode 1t
included a computer interface 1o allow
reading out pedestal angles and
commanding antenna positions from an
external computer,

The ACU was designed to work in
autotrack mode and switch automatically
to the selected backup mode in the
event of a signal loss. The
acquisition”loss status was also
avai lable to the external computer
through the interface. whiie g
autotrack mode, the ACU would ignore
any remote command received. Due 1o its
internal processor constraints, the
maximum remote command rate was about
10 times a second, or a command issued
every 100 mitliseconds.

2.2 Characteristics of the Station

Computer

The Receiving Station did not have
a computer on site pefore the Thematic
Mapper subsystem was deilivered. The one
then bought, chosen to be software— and
hardware—compat ible with the Process—
ng Station, instalied in another
faci lity, was a DEC PDP—11-34
minicomputer and ts nitial role was
Just to allow local computation of the
antenna pointing data.

its limited
and no floating
internal memory (56

Taking into account
speed (about 0.2 Mips
point hardware) and

Kbytes), a numerical integrator was out
of consideration. Therefore, the pass
calcuiation wou!d have to keep being
analytical and pased only on  the
Brouwer Mean Eiements then sent via
telex by NASA's Goddard Space Flight
Center 2 or 4 times a week. For the
same reasons, any assisted-tracking
software would have to be simple and
efficirent enougn 1o perform the
calcutations n real time and still
keep ahead of the sateilite, i.e.,

produce predicted Elevation and Azimuth
values faster than they might be needed
in case of a satelliite 108s.

2.3 The Calcutlation Algorithm Employed

I¥f you have a set of orbital
elements (which are six for the general
case) for a satellite at a given
tnstant, you can use them to compute
its position along time and therefore,

KNnowing an antenna location, derive the
corresponding pointing angies. In the
case of Brouwer Mean Elements, some of

them (semi—major axis a4,
and inclination

eccentricity e
1} are aimost constant



Nn the course of a few days and couid
rerefore be  used as  operator inputs.
o problem was to deraive or adjust the
ciher three (longitude of the ascending
mode, argument of the perigee and mean
anomaiy) based on  observations oFf
Cievat con andg AZimutn during a pass.

Vet -

.

To simplify as much as possible
The computatorn, ihe basic 1dea was 1o
use & ciroutsar rather than eltliptical
mode !l for the sateilites orbit, assuming
That 15 eccentra caity  {typical wvaijue

2. 000 was SmMa i enough to be
disregarded for a very short term
pFHG«LiIOﬂ wWith this approach the
orostai elements would be reduced to
fove, Since there wouid Nno longer be a
cerigee” Therefore, E] single

servatiron of Ei7AZ would allow
fesgliving the two remaqriing elements.
& sequence of caiculus would be:

o fand tTheée satellite position at
the intersection of the antenna
poantyng direction with o a  sphere
of ragius 8, concentric with the
Zarth 21 pSO(Q;

¢ ~ use thhs position to  derive
The lormgytude  of the ascending
node arnd the mean anomaly M (which
would coinc de, s51nce  e:0, with
the true anomaly o),

i
-
3 0

e the derived elements,
gl 3 and ¢+, 1O compute
Sat 1Te positions for a time
25 & sSeconds (N the
dlMTﬁ future;

v}
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— calcuiate  and store tThe
Mg angles for tnis  time—
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Fresent g tre  full mathemat cai
derasvation for the  above mentioned
procedure 15 oulsde The s3C0pe of this
paper sance T involves onily wel i—known
eguat  ons ana formuias of Triganometry,
Transtorms ana orwital
CaiCuils,. A reference, the inTerested
reader can sege Brouwer [1] and £scobai
[¢y. chapters 1 thru 4.

OO Mg e

2.4 The Simuiations Carried to Cheox
tre Model Performances

T
[

Simuiatoon orodram on the
FrOcess ) ng Station's FOP—11-34,
identicai 1o the one 1o be nstailed at
the Receiving Station, it order to
validate Thne ntended approach against
ihe performance reqQu.rements.

e moade | was mpiemented farstly
i

2.4.1 Accuracy (Reguirement: (ess than
0.1 degrees of pointing error for
1 ieast 0 seconds to aliow

i

reacguisition in Band X after an

overhead loss.) — To ver:ify the
deiivered accuracy, the mode!

checked against different
Elevation/Azimuth time series,

produced by a full model numerical
integrator running on a mainframe

computer, for nian and
elevation passes.

exper iments nNvoliving
1088 conditions were conducted.

it was found that the worst case

conditions for the model, i
where the prediction
fastest from
near the zZen:th. However, even

the worst case the pointing error
took at ieast 2 minutes of 10ss to
degrees. Across a full
pass (simutatina a loss Just after

exceed 0.1

the sateilite was acquired),

error never exceeded 0.7 degrees
2.1), which is enough
for a reacquisitson 1 Band S. The

{see Figure

max. mum error observed near

zenith presented  an interest ing

behavior as a function of
egievation at which the 105s
simulated (see Figure 2.2).
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Fig. 2.1: Worst Case Pointing Error vs. Time After
Loss
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Fig. 2.2. Maxiwum Pointing Brror vs. Elevation at
Loss
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Several
d:fferent

deviated
reatity, happened



2.4.2 Speed (Requirement: less than 100
msec computing time per EI7AZ pair
1o allow commanding the antenna at
the maximum ACU rate.) The
computing times were measured and
the resuits showed 1)iess than 7
mitliseconds for deriving the
desired orbital parameters from an
observed EI7Az pair, and 2)less
than 27 milliseconds to compute a
pair of predicted pointing
coordinates.

2.4.3 Sensitivity Parameter
insccuracy (Requirement: no
degradation of accuracy beyond
specification for unaccounted-—for
typical time arifts N the
operator—introduced parameters.)
— The operator input parameters
(orbit inclination i and semi—
major axis 4, which would have to
be taken from sources 2 or more
days oid) were changed with
respect to those used 10 produce
the time series. The model was
f ound 10 be practically
insensitive to errors up to a
hundred times greater than the
typical day—to—day change figures,
which are about 0.05 Km for 1the
semi—major axis and around O.001
degrees for the orbit inclination.

toe Input

The above performances were
considered far more than enough to
satisfy all the reguirements of the
devised assi1sted tracking system,
Therefore, a dgreen light was set for
the implementation.

2.5 The Real—-Time Structure
Considering that in real life

condstions the
only to
extrapoliation data

computer would have not
calculate ang store the orbit
but als0o 1o handle
all the traffic of data and statuses
between 1tself and the ACU, the
software was designed with a
background~ foreground architecture.

The
program
last availatle
derive the

synchronous part of the
(background) would take the
Ei-Az observation 10
corresponding orbital
elements and then compute and store Ny
seconds of future pointing data. After
that it would sit in a wait loop, going
back when either a {0585 was detected or
less than Np seconds of predicted
pointing data remained in the buffers
with the satellite still being
acquired. Ny and Np are parameter
variables set respectively 1o 90 and 30
based on the simulation behavior.,

The
program

asynchronous
{(foreground)

of
read

the
the

part
would
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acqQuisition status under the pace of an
external clock and then, depending if
in autotrack or not, either read and
store the antenna eievation and azimuth

positions of command them from the
prediction buffers filled by the
background part.

The two parts would communicate
through a common area (1 memory where

atl flags, buffers would

reside.

pointers and

The resl—time iogic was tested by
attaching the external ciock interrupt
routine to the computer reai—time ClOCK

and implementing a dummy ACU driver to
take the EIl7Az “"readings" from 1the
stored time series and take the
acquisition "status" from a flag
changed asynchronously at ariother
interrupt routine attached 1o the
terminal keyboard.

2.6 The Real—Life Constraints

Certain real—1life constraints
determined some mocdifications to the
jogic used N the simuiations:

a) aithougn E1-AZ dur ng

acgquisition state could keep being
read once & second, to cotain as
smooth an antenna movement as
possible a decision was taken to
command it at 10 Hz instead of
once a second as n the
simulations. The externai ciock
pace must be thern 10 HzZ nstesa of
1 Hz and the riterrupt routing in
the foreground sofiware and the
prediction interval i The
pbackground were agapied
accordingly.

characterist1¢c5

during normat
Keep its remote
Ei7Az command registers wpdated
consistentily with The current
antenna position. Otherwise, when
fatling automatically to the
remote command backup mode at  a
signal {055, the ACU would find
and wuse Jdummy EI7AZ  vaiues 10
command the antenna befaore the
first predicted values were sent
in by the computer, which  Ccould
impose unnecessary stra:mn to the
antenna drives. The decisSion  was
to keep the command 10giCc active
at ali times, toading the ACU
command registers with predicted
vailues which would be 1gnored by
the ACU logic during acguisition
but would be immediately ava labile
when needced.

b)Y due to 1tre ACU
it was important,
acgquisition, to



c) to reduce the effect of the
smail potential antenna jitter
around the sateilite position
while tracking i1, steps 1 and @
of the <calculations (see Section
2.3) should be repeated a few (3
to 8) times for consecutive EI|/AZ
readings, S0 that the derived

elements could be averaged.

d) to avoid that potentialliy
inaccurate readings made during
high antenna accelleration periods
impacted the calculations, the
software was built not to take
into account EI/AZ pasrs apove a
given elevation, which was
nitialiy set to 80 degrees. This
value could be certainly higher
but its maximum could not be
determined by simulation without
mode | | 1ng 1Nto it the antenna
inertia and servo response. Since
satellites at altitudes below 1000
Km cannot spend more tham about 45
seconds apove BO degrees elevation
for a given station and our
assisted tracking was safe for at
least 2 minutes, the cost-henefit
ratio of this nvestigation did
riot Justify it.

2.7 Integration and Checkout

The Thematic Mapper subsystem was
instalied at Curabd in August, 1982 and
the develioped simutation program was
then adapted to work in real life
environment.

As, by chance, the Landsat—4 WRS

coverage pattern
track cilose

did not have a ground
enough to the Receiving
Station, there were no near—zenith
passes and therefore losses had to be
simuilated by disconnecting the tracking

receiver during a pass. This had
advantages over a real loss, first, of
course, because no data was lost,;, and
second, because the signal level at the

data receiver could be monitored while
the assisted tracking was in command.

RESULTS OBSERVED:

it couid be checked that there
was not a single dB of fading
for more than one minute in that
cond:tion. For comparison, the
ACU Rate Memory backup mode
woulid lose the sateliite in less
than 15 seconds for a 0SS
around 30 degrees of elevat on,

or 5 seconds above B3O degrees.
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3. Extensions of the System for the
Brazilian Data Coltection Satellites

3.1 The New ACU and Antenna System

The receiving system purchased for
the Brazilran missions includes an ACU
of the same manufacturer and model as
the one with which the assisted
tracking was implemented, although of a
more recent design. its operattion will

be Dbasically the same, with the
addition of & motorized t:lt mechan:sm
for the antemna pedestal. Therefore,
the basic characteristics of our
assisted Tracking system can be
maintained. 15 usefuliness, as
mentioned N  the i{ntroduction, wili be
i heiping the antenna across the

"silence zones" and perhaps also across

overhead passes if the tTilt axi15 must
be mounted North—South.
2.2 The new Station Computer

The new Staton computer will pe a
DEC MicroVAX i, more than 10 times
faster than 1tThe existing FDP—-11.-34,

aithougan with a heavy muiltiiask role of
morittoring and recording statuses of
at!l stat:on and sartellite sSubsystems,
supporting or—iinNe data commun cat(ons
with the Controil Center and sending
preprogrammed or emergency commands To
the satefiite durng each pass.
Nevertheiess, N A 514na ! L 05%
situation, W G wnen a555ted
tracking wi i nave 1o tTake over, Ir
Task 15 expected to oe oo gh
alieviated.

iP5
(Y
i

iy

Caiculation

3.3 Changes
Algorithm

Xal The

[ ted
Brazi:lian sateiiites have  an |
eccentricity well & _andsart' s
reaching pernaps 0.05% or a 1ittia more.
Therefore, thne algorsthm descrioed
Section 2.3 may not be abie
gisregard eccentricity. on  the
nandg, the argumenit of the periges
pe better defired and can be used
W
i

G

1 o~
o

Ol b

additional operator fnput,
3Tl at ¢ The  number of
elements.

As the intersection of
potnNting directyon  with &
not concentr.c with the Eartn cannot be
anatytically explicited, a4 rigorous
solution to find the distance r from
the satellite to the ELarth center wouid

The anteernmd
eilipsoid

reguire numerical methods. However,
utitizing steps 1 and 2 of the
mentioned algorithm using the semi-—
major axi1s 48 as a first approximaton



te r, the obtained true anomaly o wouid
aliow a new value for r through the
aquation

r=-a8¢(1 —ecos B,

where

£ = 2 atan( tg(we) sart((1—-a&)(1+e)) )
15 the eccentric anomaly. This makes
out a4 gquickly converging series 1o
vieid reliabily updated values for the

desired orbital elements.

From there on, steps 3 and 4 would
be exactily the same.

3.4 Changes in the Real—Time Logic
To
rormat
Time
mode |

minimize
AcCqQuUiIsSition
iogic of the
can pe modified
the orbital element
specified intervals., in &
predicted Ei“Az pairs will start being
needed at a 10 HzZ rate, which s
sometning tne MicroVAX can compute and

CPU demand during
perigds, the real—
assisted—tracking
to perform just
updates, at
1058 event,

command with plenty of margin, based on
the iast adjusted orbital etements. In
fact, since 1t s untikely that the
condition that caused the 1oss will
disappear before at least some seconds,
evenn The orbital elements adjustment,
taking 1nto account the iast EIi7Az
readings whiie stiit in "iock" state,

could be performed right after the [0ss

without aelaying recovery.

N any
Section 2.6.0,
during norma!

case, as mentioned n

1t will be necessary,
acquisition, to keep the
ACU remote El“Az command registers
updated, for instance with a copy of
the EI17Az readings.

4. Conciusion

Althouah
effectiveiy
implemantat o,
system described
for effectiveness
authors are confident
representing a very minor part of the
system being geveioped for the
Braziiian satellite program, the
concepts presented herein can give an
important contribut ion for the
succesfuil operation of the first
Brazilian . satellites and perhaps to
other countries’ ground systems that
might face similac problems.

not having been
needed after 11s First
the assisted tracking
nerein was certified
and efficiency. The

that, although
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