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VHF TELEMETRY AND DATA PROCESSING SYSTEM

EOR SQLRADgll'SATELLITEVSIGNALS,,

‘,_D V., Subhedar, R, Sharma ALK Goyal and .
P Sharma

Phy51cal "Research: Laboratory
Navrangpura Ahmedabad—380 009
‘ Indla L

ABSTRACT :

An experlmental set up to’ recelve, record and decode
the telemetry 51gnals from eolrad 11A and B satellltes 15
described,. Most of . the equ1pments used in the set up have
been de51gned and fabrlcated at Phy51cal Research Laboratory o
with mostly 1ndlgenously available components.‘The system
consists of a short bacffire (SBF) - antenna and its
assoc1ated drlve and remote control unlt PM receiver,
analog tape recorder PCM bit synchronlzer Vlterbl
decoder PCM decommutator, time decodlng and formattlng unit,
digital tape recorder and nﬂcroprocessor. Solrad 11
satellites have been successfully tracked u51ng the SBF 5
antenné' deslgned and fabrlcatcd for the first tlme 1n the
country The - necessary softWarc to retrleve the data of
the 501ent1f1c expcrlments on board Solrad 11 satellltes
has been developed and the daia counts have been obtalned
for a number of experlments. Callbratlon curves have been
received for flve of the experwments measurlng solar X ray
fluxes and absolute flux values for the e experlments have

been obtained. _ ' —Mor -
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- Although, the experimental set up has been”designed for
tracking Solrad lltsatellites"it'Ean bé used"%orftradking
any other hlgh orbltlng 1ow 1ncllnatlon satelllte trans-—

mlttlng in the VHE band 135 - l4O MHZ.

Jd. Introduction :

Two 1dent1cal satellltes Solrad 11 A and 11 B carrylng
exactly 1dent1cal experlments to monltor electromagnetlc |
as well as partlcle radlatlons from the sun were launched by
the Naval Research Laboratory (NRL) Washlngton, USA in :
March l976 The two satellltes are nearly l8OO out of phase"
- in a nearly c1rcular orblt of 20 earth radll, thelr orbltal o

~~~~~

period belng about 5. l days The detawls of the phy51cal

orbltal ‘and telemetry spec1f1catlons of Solrad 11 satellltes C

are glven in Appendlx—l

The motlvatlon for obtalnlng the data from Solrad ll'

| SdtellltLS at PRL was two-fold. Flrst the Solar and

Planetary Physics Group at PRL. is engaged 1n the experlmental_M
as well as: theoretlcal study. of the earth’s 1onosphere The
knowledge of the real time measurement of the solar 1on121ng, |
radiation is essentlal to arrlve at a reallstlc model of the N
earthls 1onosphere Secondly, the study of solar electromag—_
netic: and -particle, em1551ons would enable us: to understand .

the plasma:progessesgln,the sun s“atmosphere,_



Another 1mportant con51deratlon for recordlng Solrad ll
‘}Jata at Ahmedabad (23 oN lat., 720 6 E long ) is its
fgeograph:c looatlon. 801ng 1n uhe opp051te hemlsphere of
;BlOSSOm p01nt Maryland USA (38 4N lat 77O l W long )

'the tracklng statlon of NRL Cany one of the two satellltes

- would be in the radlo v181b111ty of Ahmedabad when it goes

below the horlzon of Blossom pornt Therefore the data
obtalned at Ahmedabad would be complementary in nature to

those obtalned at Blossom point,

~ On the basis of above considerations, 1t was plann d |
to track the Solrad 11 satellites from_the telemetry~ o
station at PRL. The’goal was to be ready with tde'receiViog
and decodlng system- by the tlme the satellltes were up in .
the orbit.- The system for tracklng the satelllte at PRL was
ready by December 1976 but unfortunately exce551ve heatlng
of both the satellites due to some malfunctlon in thelr
transmltters compelled sw1uch1ng off the transmltters -
ohboard the.satellltes-whlle.they were about to leave the”;;”
horizon of Blossom point dUring each pass The oemperature
onboard Solrad 1A reduced to tolerable llmlts towards the
middle of April 1877 and. 1ts Lransmltter was left 'on’ | -
contlnuously effectlve from Apr1l 26 1977 About 25 passes '3w
were recorded between April 26 - June l2 1977, On June l2
l977 somethlng went . wrong onboard Solrad llA Jue to Wthh'
the PCM biphase data. (Contalnlng the data of the scientific

experiments) was missing in the received telemetry,' - ~more-



Solrad llB passes were echeduled ‘For- Ahmeoabad from July 30
1977 onwards at our request A number of passes of Solrad llB
were recordeJ be tween July 30 - October l5 l977 However,;in.
none; of these passes the data werc of good quallty Thls faot
was communlcated to NRL A message was recelvod from NRL on

Nov ember 9,‘l977 that Solrad B w1ll be turned off untll

'VMarCh 1978 when 1t is about to leave the Blossom P01nt horlzon
during €ach pass because oE temperature rise onboard Solrad 11B

due to minimum sur-earth’ 'distance during W1nter.'"

2. Scientific°Experiments s

There werc Lwenty five experlments on board-each one of
the Solraﬂ satellites out of whlch one (No. 24, measur&ng
nonqSOlar X~-ray background) falled on both the satellltes.t

- The twontyfour experlments mcasuru the X;ray, gamma ravy,: . |
extreme ultrav1olet (EUV) and. ultrav1olet {(uv uv) raﬁiationstx':t
as well as the electrons, protons and alpha particles emltted
by the sun. The detalls’ of the experlments are given .in .
ﬂppendlx—z The X~rays: being measur ed are. hard (3-150, keV H
ensrgy range) ‘as, well as soft (l~6O R) 1n VarlOUS energy

 bands. The 1ntenslty of! X%ray 1ine. em1551ons at 3,2 R and

8.4 R- (Mg - XI and XTI lines respectlvely) and thelr polarlzatlon

are also measured The EUV and W fluxes in the wavelength ‘
range l70—l8OO R are measured in varlous bands.;The partlelev“:
emlsslons belng measured are the solar Wlﬂd electrons in the

—more-



}energy range O 2 - 4 KeV and also ene rgetic electrons in
.the energy range O Ol - l 5 MeV‘emltted durlng solar. flares.
The pr0uons bclng monltolod are tho solar pmotons and alpha
partlcles in the e nergy range l lOO MeV anmlsolar protons |
hav1ng energy above lO meV and omnldlrectlonal protons, |
haV1ng energy 1n the range O G2 —460 Mov The experlments

, measurlng the solar and antlsolar protons are mounted on |

: the face of the satelllue looklng towards the sun and
opp051te to the sun respectively, whereas the eyperlments
measurlng the omnl—dlrectlonal protons are mounted on the
periphery of the cyllnlrlcal surface of the satelllte The
experlments measuring tho X;ray, EUV and UV emissions . from
the sun are mounted on.the surface of’ the cyllnder fac1ng

the sun.

3. ‘Importance of Solar Flux Measurements - :

The 1mportancerf thc measurement of solar X—ray and
ultrav1olet LmlSSlonS lies in the fact that these o
radlatlons (below about lBOO R wavelength) are responsible
for produc1ng varlous 1onospher1c layers (D E and . F) in
the earth s upper atmosphere Know1ng thc actual solar flux
in dlfferent wavelength rangcs 1t is, p0551ble to calculate _
the exact amount of 1onlzatlon produced in Varlous ‘
1onospherlc layers.lThls would e useful in understandlng
vmany of the puzzllng features "of the behav1our of the_

1onospher1c layers durlng qu1et as’ well as’ dlsturbed perlods.

=MmoTe-



Thevenergetlc electrons and oro+ons comlng out” of the sun
enter the earth's magnotospherlc caV1ty on certaln occa31ons
thereby glvlng ride to magnetospherlc sub~storm5 “The occurr— .
ence of weather dlstorbances at hlgh latltudes 1s ‘shown to be-
correlated w1th magnetospherlc substorms. Reoent hypothe51s
put.forward by Qole (l) ‘ascribes the sun—weather relationship
| phenomena to some kind of 1nterplaygbetween the processes giving
rise to the electromagnetic and particle ‘emissions in the sun's
corohé }The datavatained fromlSolrad 1l satellites may be
helpful 1n testlng this hypothe51s. The entry of the nergetic
partlcles in the ‘high latitude ionosphere gives rise to
phenomena llkt auroral dlsplays -and- polar cap absorptlon o
(PCA) events.;The DPCA events &bt times can cause total radio-
communication blackouts at high latitudes. Thus the study of
charged partlcles emltted by the sun. 15 1mportant in order
to understanJ and p0551bly pch1Ct the wcather dlsturbances ahd

radio’ communlcatlon blackout phenomena on' the earth

The contlnuooa measurenen% of the selar Xéray flux by
Solrad ll satellltes can be used for prcdlctlng the’ solar,»i
flares.on -a short term ba51s. In thls connectlon 1t 15_
1mportant to mentlon here that regular observatlons of the ;_
solar flux in- the radlo as well as VlSlble reglon are belng
made in Indla. The radlo observahnons at lO 7cm wavelength are
made by thc radlometerhat the Space Appllcatlons Centre,
xAhmedabad whlch is aclng operateﬂ by PRL The observatlons -

=NOX &



»of the sun in the visible region are nade from Vedhshala‘ﬂ
Solar Observatory, Udalpur and Indian Instltute\ofL o
fistrophysics, KoJalkanal Wlth the help of Solrad 11. Xeray
data, it would be p0551ble to predlct a.solar flare event -
10-15 mlnutes in advance* ano the sun. can be monltored
‘51multaneously 1n X—ray,IVl51ble as well as radlo frequency
region of the Ppectrum. Such a multlpronged attack on the

solar flare- problem would lead to slgnlflcant advances in
our knoledge of the complex relatlonshlps in solar and
planectary phy51cs. The predlctlon of solar flare:event is
important because of its effgcts on the lowérhost (D) region
of the eerth’s ionosphere; The increase in the k-ray flux‘
emitted by the sun produces excess 1onlzatlon in the Dvreglonf
which is turn cauees”severe-aﬁtennation of high'frequency

radio‘waves occa51onally proiu01ng total radlo communlcatlon )

blackout on a global ecale

4, Experimental Set-up at PRL

Fid.,l gives the block-diagram of the overall telemetry o
set up used for data acqu151tlon/record1ng/decodlng the
Solrad 11 data at the telemotry statlon of - PRL The system
comprises short backflre (SBT) antenna polarlzaﬁlon SW1tch
rpreampllfler drive dnﬂ the remote control unlt fer SBF ”b
antenna PM recelver analcg tape recorJer, blt |
synchronlzer v1terb1 Jccoder PCM decommutator dlgltal

4

tape recorder, “and,’ mlcroprocessar. : ";_ S ';mofef



The link: calculatlens (Appendlx 3) show that 1n order to
obtain a desirable S/N (of 6 db) of the Solrad ll telemetry

51gnal the- antenna gain_ should be 24 dBI

In order to track ‘the Solrad 11 A and B satellltes, the
main elecirlcal roqu1rement;of the antenna were spe01f1ed as

follows -2

136 - 138 MHz

Fredﬁehcy'range'{

Gain : 24 dBI -

‘ow !

Poiqrization': : ‘nght circular and left

.circular

L]

HalfAboWer Beamnwidth : 10° (approx.)f

,The follow1ng dlfferent antennas, and feed systems were

con51dered for thls purpose :

(1 ypoParabollc dish

2. Dipole array

3. iYagl array . P
4, Backfire Yagis of dlfferent lengths o
5.: Short : backfxre array |

If one con51dersvthe parabollc dlsh antenna tp get. the o
requ1red galn of 24 dBIL; an effectlve area of 95 mz-isy; -
requ1red Assumlng ‘an efflclency ‘of 60/ parabollc dlsh of .
14.2 m dlameter is required. - Slmplthdlfeané.dpolgs as.
feed'elément$ with a plarie refl@étof&Were‘also”&bﬂside:edJ }:~&Ore

C e : : - -



‘The number of dlpoles requ1reﬂ to. give‘24 dBI galn is 128
'ataklng feeder and connector losses 1nto con81deratlon. The:
area- of such dlpole array would " be 8. 5,ﬂx 8 5)\wh1ch makes
its cost prohlbltlvely hlgh 1f 1t is.to be steerable, A
tcluster of 32 Yagls of each l 5;\boom length: are needed tof

glve 24 dBI galn and. the area becomos 8A x 8)\whlch is also

costly in order to makt 1t steerable

' The concept of hlgh gain "backflre" antenna as reported
by Ehrenspeck 2 3) was cvolved 1n order to reduce the over-
all number and length of the feed elements. A backfire o
antenna is an ordlnary slow wave antenna e, g. Yagl antenna
termlnated by a large rcflectlng plane anJ the slow wave
(or surface wave) reflector normal to 1ts ax1s. The reflectar
backfires the wave in the slownwave etructurn thus caus1ng
the electromagnetlc radlatlon to travel along tho physlcal
length of the structure. The backflre antennas are well
su1ted in the gain range”of 15 to 30 dB, comblnlng structural f
advantage of - a 51ngle endflre with a high- galn of a reflector S
antenna Its reflectors are planah and. are 31mpler than ' -

parab0101dal reflector 1n COﬂStrULﬁJOn.ﬁZT._.

The max1mum gain of the bacl ‘re Yagi antenna is
proportlonal to its. length proV1]ﬂj the phasé” ve1001ty‘ls
adJusted to 1ts optlmum value th““ughnproper'choice of _
apac1ng of the 4rrectors. The ‘ob; mum,value s very nearly

the same as an ordlnary endflre ddtenna that 15 tw1cc as’ long'"”“

‘l X . " .. : =.;; - . ro. z‘-l BN -.more- k



10
Zuker (4)has glven a: qualltatlve apprQach +to- 1tq d651gn whlch,ﬁiz
" shows that a stac ed reflector has to be used o’ get the o
*optlmum galn from the 51ngle backflre Yagl antenna Dod and
Ehrenspeck (_) have reported a 51ngle 4)\long Yagl with
23.5 dEI~ga1n vThe overall'51ze of 4/\long Yagi with ‘the
larger stacked reflector (dla Ge 15m) at the’ requ1red frequencyn”ﬂ
of 136 5 MHz becomes comparablo tO‘the dlmen31ons of a para-h :
boloid w1th addltlonal ﬂlsadvantage of a long feed . The: Yagl
arrays of J:Lfferent lengths :(1 15\, )\ 3M) were. .

con51dered

s PN

The short backfire antenna (SBF) (Ref 6, 7) .as ‘an element’
for the array’ to get. the deslred gain has a definite advantage e
of reducing the . OVerall length i. e reductlon upto one—tenth
compared to a Yagl array (Ref 6) for 51mllar perfermance
Secondly the radiating aperture of SBF antenna eléement is- “much
wider than that of usual dlpOlC feJ reflector with- aJdltlonal i
advantage of . extremely-weak 51de and back lobes. Table-l glves
a comparatlve 1dea<ﬁ?d1fferent types of antennas con51dered
‘and their dlmen51ons inn terms of,K o

4,11 Short Backfire Pr1nc1ple and Structure of a Slnqle
Element :‘f? 1':Jh Dok ,’f” SR ;ﬁ*5fW'l.-fff"

;_).,.’.'

The short: backflre antenna can be thought of as a-
backfire antenna of 0. 5)\lungth w1th addltlonal perlpheral
0. 5>\r1m around the surface wave: rcflectqr. Such ar system is

characterlseJ by multlple reflectlons of electromagnetlc'
R . —~mMor e-
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waves and raJlatlon occurs beyond the smallor of the two
'jireflectors. The' two reflectors of the short backflre ’
antenna (M and R ; being. the larger and the smaller
:_reflector respectively as shown .in Fig.2) differ radlcally
in area. The 1nclu51on of the perlpheral rim reJuces

(a) the backward and side lobes and - (b) increases the .
dlrfcﬁlylty of the antenna.beCQUSe-of the additional 7
conmtribution from the edge(E)of the rim in front of surface

. wave refleetor~(Ref.8).

el

" Thé" short Packfire enfenha:is‘so compact that
pracficaliy all the énergy radiated into theﬂcauityﬁie
inﬁerdepted‘bY‘reflectors M and R, over dlstance of O, 5;K
4 -slow. wave structure would be of no: help in. trapplng the_ rM‘

energy and 1s therefore not “used.

It appears from Table—l that there are- “two Ch01ces';
(1) 16 element backflre Yagl array of 1 B,Xlength and
(ii) the 31xteon element hﬁrt baccflre array. The base
area occupied by ‘thesé two conflguratlor51s nearly equal
- but in the case of SB’ the heloht is reduced to one~th1rd{‘e
though a peripheral win of,K/Z length is required, It wasd
estimated that the Cost: of supportlng structure su1table
for- A/z Iength would be Tower than that of the longer
eloments in spite o¥ the aJJltlonal perlpheral Tim, The flnal
| choice was l6~element SBF which' turnod out to be the cheapest
"w1th increased rchlolllty Jue to the smaller number of

v

feed elementd, : L =MOT &=
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4.L.2‘Strupture of“aMSinqle:Elément used as‘thetBasigiElement:A

.t Since no data about relévént*dipolés*a%d”feedér's§stém~=
to be used w1th SBF .are., avallablo in llterature it was dOC1ded
to make~ one 51ngle element at -136. 5 MHz to carry—out “the
required measurement This SBF element was optlmlzed (Ref 8)
in regarJ to 1ts gain, s e “lobe sup{re551on anﬂ front to—':
back ratio, The: “SBF elcmcnt was used £or most of the experl—
mental studies. Fig.2 shows the .sketch of l36 5 MHz antenna
in which 3/16"_expanded aluminium is used for reflectors and

the peripherai rim.

The diameter of the larger reflectbr¢kM) isl2235)gand{
‘the smallér'reflectpr'(R) isig;cirCuler“diéhwmrae ofgxpandé§%='
aluminium mesh of 6’5)\in diamhtér*qﬁacéd 0*5)\from the
larger reflector. It.ofrers the. advantage of bolng sen51t1ve e
to the polarlsatlon of the FLCd which may bn polarlsed
linear, rlght c1rcular or left circular, The width of the
perlpheral rim surrounJlng reflector-M is:C. 57)\ Two Crossed
dipoles are used’ as:feed elements and the 1nput is matched
to 50 ohm by using,a gquarter wavée matching: section of alr.;,;g
coaxial line. The. gain of the S$BF antenna. has been’ found tokn
be 17 dB over a. leole 5 voltage standing wave’ ratlo=(VSWR)-beiﬂg

of the order ofﬁl,l,“,' - 1

=mor C
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4.1, 3 General descrlptlon of the 16~element SBF Array and
the Feed Arrangement e SR

The dlmen51ons of the 51xteen element SBF array chosen
are conslstent w1th the 51ngle element except for the spa01ng
which has been made adjustable in thls case, Flg 8 shows an
‘artist's view of the telemetry antenna A sketch of tho array
“is shown 1n Flg 4 The srxteen elements are divided in four
quadrants The four elemont of one quadrant are comblned by
a four-way co—ax1al power divider, thus the two crossed o
dipoles V and H of “the quadrant are comblned separately by
two four way power d1v1ders. The vertlcal and horlzontal ‘
outputs of the four individual quadrants are further comblned
by two four-way power dividers. Thus all the vertlcal.and.”
Vhorrzontal dipoles‘appear in phase at the output,points,A

where they aretfed‘to a polarisation switch to get the

desired polarisation,

4,1.4 Two way and Four. .way Power Dividers .

Fig.5 (a,b) shows the sketch of the four way and two
way power d1v1ders. Air co—ax1al lines are made of 22 mm |
brass tube and rod, ImpeJance and phase measurements were
vcarrled out using RX Meter Moﬂel HP 250 B and Vector .

- Voltmeter HP 8505 and eR Admlttance Brldge GR 1602 B

4,1.5 Experlmental Measurements :

Impedance measurements are.. carrled out on all the:i

sixteen elements by using the RX Meter., The dlpoles are R
l ‘ - ~more-
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tuned to ‘the" ‘desired ;requency by wﬂjustlng their length
The input 1mpeJanco is adjusted to 50 ohm by varylng the
diameter of ‘the inner“rod.of.thevquarter-waye.matchmng section
of the-air Cd—akialiline.*The'Vélues,dfiimpedance‘are,Sthn
in‘Table—Z.*VSWRameaSurementéfWere.performed 6n.all individual
elements, individual quadrants and the final output points
for vertical'and"hbrizontal,feeds_separately..Fig;6’(a)_
giveé'the*VSWRxof a typical elementh@rsus'frequency.and,4'
Fig.é'(b) gives the same for the combination of four clements.
Fig.7]gives*ﬂhe'final~(163element array) output . VSWR of V
and H-sébaiatély.:The gain of the*antenna was found to be -
22;51dB'(i}é,125.5 dBT) with rnspect:to a standard dipole.
In\iviJUalﬂcross polarized compnnéht was measured by
transmlttwng ngﬂal from vertlcal antcnna and recelved by .
horlzontal antenna “and was founJ to be 30 db below the

vertlcal polarlzetlon.

4.1.6 Solar Transit throudgh the SBF ¢ -

l'Fig~8~(a)~ShOWS the transit of the :Sun on:a quiet day
and Fig;8(b) on @ noisy day’at 140 MHz. ‘The X axis in this.
figure represents time in‘terms of degrees. (L hr :.l5oi,sThe;ﬁ

half power beam width . .is:seen to be’ about 10°,

4,2 Polarlbatlon SWltch at 136, 5 MHZ>?, o

A Polarlzatlon sw1tch at ‘13655 MNHZ ist usud wWith the b
16 elementishort backfire antennd for. the:Solrad 11

satellités; Itflsﬁwell'known that a pair of crossed . . v”~(fm0ré-
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: dlpoles can be used to determlne the complete polarlzatlon.‘ﬂ;l
The condltlons for tqe two 01rcular Components of polarlza—/:i
tion” (rlght and left handed) are achleved by addlng the
signals from the two dipoles together through lengths of
transmission llne that 1ntroJuces a: path dlfference of

+)\/4 where Nis the Wavelength

4.2;l,The;Principletof Operation :

Tho polarlzatlon makes ‘uses of the properties of.- )m/4r.aj

length of co~ax1al transm1551on llne connected between the
p01nts l 2 ..h:;7”,as shown 1n Flg 9. It is used to route.
r.f, 31gnals through the nttwork 1n various ways. Use is
maJe of the property that the 1mpeﬂance of a. low loss
transm1551on llne appears very hlgh at a p01nt )/4 away |
from a very low 1mpedance p01nt and v1ce versa. The r, £,
sw1tches A and B are Connected so.that one is conductlng
and the other 1s non—conductlng. Hence the 1mpedance
shunted across the Juanan 3. is high when that across
Junctlon 4 is low thus allowlne signals to pass, freely
along the arm. A (l~3— ) but with, high attenuation through
arm B (2—4-5)- Slmllarly, rever51ng the Connectlons renders

arm B conductlng anJ arm A non—conJuctlng

- The- recelver 1nput 1s thue effectlvely Connected
through )/2 path to elther p01nt 1 oon 2% dependlng on”

the switch posltlon ‘The cross dipoles' Vand H are '

connected to the junction points 1 and 2 respectively ~MOL e~
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via. sw1tches througn ‘paths’ haV1ng path Jlfforence of elthor '
Zeroe or‘X/4 Thus thé comblnatlon accepts 1eft handed or"
right handed ¢ircular pOl&KlZthon Qccordlng to the settlng

of the r.f. switches A and B.

4,2,2 Constructlon anJ performance of the Slab Llne
' Polarlzatlon Sw1tch i R

. Fig.10 shows the sketch of“thé“péiafiéa%iéﬁngfich qgiﬁg
slab linec construction at 136. 5 MHz. The slab lire consrruction
is used to reiuce the insertion loss. An aluminium-sheet of
1/8™ thickness is used as. ground plane and copper rods of
9.5 mm diameterias the central ponductors Input and output:
1mpeJance measurements\wére carried .out at different ports.

V and H are the:input ports and O .is the output port. Sy cand’

S, are the sw1tched ports whlch orfer high and “low -impedance”

to the conducting and ron~conducting-arms depending ‘on: the 7. f,
switch-condltlon.

Thevswiﬁches select the type of polarization. Fast
operatlon 15 not required here ahd the switches are manuaIly*
controlleﬂ from the control panel. Jdocated inside the telemetry

bu1ld1ng.?The Tinal switch assembly must. be accurately balanced

- for phase and amplltude :Conslderable,oare-ls-taken t.0 ensure

correct 1mpedanc of,%/4 sectlons of cable, to av01J ‘magnifi-~
cation of the termlnﬁtlon errors.‘The meaqureJ characterlstlcs

of the polarlzatlon SW1tch are shown 1n Table—Su“;u,t

R

Lo "more"‘
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| 4.3 eﬁDrivefand the. Remote Gbntrol Unlt for the SBF Antenna :

The SBF antenna 15 mounted on’ an equatorlal mount
using two North-South allgned towers of lO 5mand 7.5 m in .
height reSpGCtlvely The dlstance between the two towers is
6 m from centre to centre -The antenna a square bowl of
12,5 m x l2 5 m X 1 25 m. anJ welghlng approx1mately 9 tonnes
(metrlc) is remote controlled to facilitate Solrad sate’llte
ldata recelptlon at the telemetry bu1ld1ng, approx1mately |
50 m away from the antenna In the hour angle mode the

antenna can be: ‘moved ‘from -900 to +90 through zenlth (OO)

- where as the antenna movemcnts in the decllnatlon are

restricted from +5° (N)to ~4pC °(sy tirough the zenlth (OO)
The range of. decllnatlon mentioned above was enough to track
Solrad Il satellites (hav1ng orbital inclination of about 260)‘
at Ahmedabad - (Geog. lat, 230N) where the range of decllnatlon
encounteraed WOUld~b@ from +3° to -49%, Four limit. SW1tChes |
are provided to protect the antenna and the structure from e

being- damaged while antenna rtaches its extreme 4@31gned

position.

The hour angle drlve 15 prov1ded by a 2 horse power
(H,p) 1440 rpm moton through two gear boxes w1th a. total

gearlng ratlo of 24000 This glves an hour angle speeJ to ’

~More=—
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o

the antenna of 0. 360 l By US1ng Kopp s Varlator tbe>“
antenna. speed in howr angle is: male remote’ varlable from
O, 060 - 40 O, 6° s~ l . . This enables :slow tracklng and
fast return. The: declination drive con51sts of a geared
motor of one,h,pi;and:BG.rpm,‘at the output, This motor
drives a 2,4 m thréaded shaft with 3 thread- éer inch
(TPI) through a.nut;vthus{providing'énfapproximate

antenna_speedgofso,lo_S"l in declination.,

Schematlc block dlagram of the rcmote controi unit
is shown 1n Flg 11 . Thls unlt prov1ﬂes theldigiﬁal |
415p1ays of the antenna p051tlons Wthh arev%ifectly )

allbrated in degrees. Multlturn servograﬂeupotentlo—
meters are used rnr posltlon encodlng. Prec1slon compara—
tors w1th presettable JeadbanJ ; anJ other GlGCLrOﬂlCS
'enable the unlt to be operated in elther of the two modes,
viz. manual or preset In tne manual moJe one can move -
the antenna to ‘a desired p051tlon by keeplng track of the
angles 1nd1cated whereas in. the presab mode the antenna *. 
positions are presettable on reference indicators anJ the
antenna automatlcally moves to the pre—set posltlons ”
(within i 0,2’) Pre~set moJe provldes an easy 1nterface |

for a pre-programied tracking.

—Mmoxre—
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When the antenna reaches one of the extreme de31gned —
‘p081t10ns, a 11m1t ew1tch Operajes to prevent it from QAn
mDV1ng further. At thls p01nt on the front pannel also R
a visual 1ndlcat10n 1s pr0V1ded to the operator as & |

precantlonaryrmeasure.; R

4,4 PM Demodulatlon and Analog Reeordlng.

Right or 1eft olroularly polarlzed 31gnals from the
SBF antenna through polarlzarlon ew1tch are amplified’ by a
the low-n01se preampllfler fabrloated in- the laboratory.'«
Design specifications of 35 dhigéln and‘B‘dE-nbiSe figure
Werevused on the baels of expeeted losses for-fhe - oable
length used and the tolerable slgnal to noige ratlo ai |
the input of DM Reoe1Ver réquired for 1oek1ng. Preampllfler .
is dlrectly oonneoﬁed to the: polarlzatlon switch on ﬁhe
top of antenna.'The cable ‘between preampllfler-andr
‘receiver is 1505£eet%1§ng“and‘ite antenuation'isfabout 5'db,. =
Microdyne PN recelver ued for the programme 1s modular  '

in constructlon. The RF tuner has about 6 db n01se flgure

and can be tuned’ to ‘any frequency in the bahd of 105-150 Wy

Lt

by Ch0051ng a SUltable orystal inthe first 1ooal os0111ator.’”

Flrst I. F of 50 MHz 1s ampllfled and mlxed w1th second L O.~

S tenr e

of 60 Mgz Whlch ig g voo. The thlrd I F of iOMHz thus'”

generated is ampllfled by an IF ampllfler module of 10 KHz e
..... !_ " A H

bandwidth. Modiule of 1 KHz bandw1dth Wlll 1ncrease the'
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sen51t1V1ty“of”rééé;§er by 1educlng the systeﬁ n01se _
w1ﬁhout affeotlng the shape of PGM sxgnals apprecmablye“
dowever, at present the Mlolodyne Corporatlon (U. S A.) does
not menuf acture modules of less than 10 KHz bandwidth. A
development project has been undegﬁakgn in th@ 1abora$ory -

to bu1ld a mixer and an IF ampllfler of 1 th bandw1dth,

oompatlble w1th the ex1st1ng recelver,

The 10 HHz third IF ig fed o a phase“lbck aeﬁoau15555”f
where it is phase compared with a 10 MHz crystal. Phase -
detector output is ampllfled by the v1deo ampllfler. Lhe ’
video bandwldth 1s seleoted from the front panel (6 25 KHz) :
Phase deteotor output 1s also passed “through a 10W pass A )
filter and controls “the 60 MHz VCO (second 1i.0.). The 100p
bandwidth’ can be selected from front panel. To btart Wlth N
100 Hz 1loop bandw1dth is selected for- 51gnal looklng.

For reoeptlon of 004 8 Hz data rate, lOOp bandwidth of -

10 Hz is des1rable and the same is. used. Reoelver Tlock
condition is. 1nd10ated by the LObK lamp on.- the front panel°
AGC time oonstant c'an also be set from the front panel.-
Loss.or ab%ence of” carrler is denoted by a 1amp. Approx1mate
signal, strength’ avallable at the 1nput of the recelver 1s'
also 1ndlca$ed by 5" meter .”he v1deo output from the
recoiver 1s dlreotly recorded on the analog tape recorderfﬁi

(REVOX A7) driven' av 8 speed of 3 75 1ps.

~oT e~



‘4?5:~PGM Decodlng and generatlng Gomputer Comnat Al_
Dlgltal ’I‘apes.- ‘ ' ”

- The PGM decodlng equlpment used for Solrad 11 Satellltes
.cdns1sts of a POM Blt Synohronlzer, Viterbl decoder, PGM "
decommutator and | Interface w1th PERTEC dlgltal tape recorder.
The Blt Synchronlzer, Decommutator and Interfaoe w1th PERTEO
were developed and fabrlcated in the ldboratory. The inter--
face between PDPllVOS mlcprocessor and the PERTEG is belng>
devoloped for transferrlng satelllte ephemerls informatlon
oomputed w1th the help of orbltal elemente at regular |
1nterVals. Each of the units 1s described in thls artlcle;d
The 01rcu1ts were reqdy before the satellite 31gnals were'd'
received 1n the telemetry statlon. Fortunately, a repllca'
of convolutional encoder on board the SOLRAD 11 satellltes:'
is avallible as g module in Viterbl decoder LV 7015. The
- Solrad 11 PCM data Was Slmulated with same blt rate Word
rate, frame rate and frame synchronlzatlon pat‘bern ( 1101
0111 0101). In between two sync patterns a PRBS (pseudo random
bit- Sequenoe) ‘of 372 ‘bit length was 1ntroduced This compo-'
| site - 31gnal was convolutlonally encoded and was frequency,'
modulated on 136 65 MHz.»The RF slgnal thus generated wae
transmltted by a Whlp antenna and Was recelved on the SBF&
array antenna bullt for SOLRAD programme. The M, recelver o
(MICRODYNE 1100 AR) demodulared the slgnal whlch was used;cn
for” PCM dcoodlng. By controlllnv the transmltted 51gnal

power, ohange in the signal to (recelver) noise ratlo was

~Mmore—



81mulnted and.the performance of PCM deoodlng equlpment, o
{'i.e. the duratlon for whleh Deoommutator contlnuously reﬁdlne
1nvloek was eyten51vely teSuea{ Por the 51gnal to n01se ratlov
of 6 db, wnlch is expected 1n actual condltlons, the DeoomyT%?*
mutator hardly went to CHEGK mode from LOCK mode over a‘ﬁ"”v

vperlod of 12 hours of oontlnuoue te tlng.

LU

4,541 PGM Blt Svnchronlzer.> ' Sl .

The phase demodulated oucput from the PM recelver
( raw PGM 51gna1) is recorded on the analog tape recorder
alongwith 1 VADA 36 blt tlme code modulated on 1 KHz on twov:F

channels separatelye

At a“later«time the. tape is: replayed and.the video. -
signal is fed to the bit. synohronlzer for POM decodlng.v
The bir synchronizer.eleans, reshapes and - quantlzes the
signal for Viterbi decoder (LV.7015, Iinkabit Corporatlon,,f
USA)gwhere‘the‘conydlutionally:eneode&bsignaliis,deOQQed._L,;,
The Viterbi'decoder requires.oloek'synohroniZed'with the
Synohronizer‘(Figwia)c.

vThe riaeo eigﬂef-from reeeiver or analiog tape~reeorder:'
is of 204 -3 Hz Irequency and 15 blpnaee modulated.-The ‘clock
is hidden ‘in- the daba and Has to bc; extracted‘ ‘from the "
data elgnql 1n the preseneo of n01pe. For thls, phase loek

loop NE 565 (Slgneﬁree) IC hae be°n used. By adJustlng

-More—~
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,;threeholds on.. oomparator Chlps hard quantlzed data (31gn blt),
or-3 blt SDfu quantlzed dara (1 81gﬁ bif aﬁd rwo magnltude
bits) 1e obtalned.:Selectlon of quan 1za$1on data ds con—{;?ﬂ
trolled by the HARb/SOFT sw1toh .on. the: Viterbl deooder panel;ij
The bhreshold voltages on . the comparators are adgusted by - -
, ass9581ng the n01se on the dhannel, ag requlred by the |
vViterbl deooder, |

The 1oop bandw1dth 1n the phase loek loop 01rou1t is
E adausted to 1O Hz. Thls 1s sufflolently hlgh to take care of
tape speed fluotuatlons and falrly low enough to keep data N
waveform dlstortlons to a mlnlmum.

At the front end a prefllter band llmlts the elgnal
and keeps the noise level adequarely low. Great care had
t0 be taken 1n order to make tho fllter phase compensated.

The blphase amblgulty 1ntroduced by the blt synohro— “
nizer (bit’ 0, deteoted as 1 and vice Verua) oannob be |
resolved by the v1terb1 decoder. In order to rosolve thls
amblgulty 1nverted data output termlnal 1s aleo avallable
- on the bit synohronlzer. Proper output 1s seleeted after
keeping track of all the 1nvert1ng ampllfylng stages before

the Comparator olrcult.:~»¢§o.

4.5, 2 Viterbl Deooder'f7~

Data from Bit synchronizer. is fed to the Viterbi It

Decoder (LV 7015 Llnkablt Corporatlon, USA) at 204 8 bpe:Lw”

'rate alongw1th thG Synchronlzed dlock derlved in bit. synehro~?**

nlzer. This is Vory essentlal unit in. the decoding ohaln

—more-‘



'as“the.corrospondlng convolutlonal encoder 1s on board thev |
'U:Solrad 11 satellites. Wi thout tms Ahe decodlng w111 e abso—-
1ute1y meanlngless. The epeolflcatlons of the Viterbl Decoder
'Y”are glven in, Appendlx 4. Theory of 1ﬁs Operatlon, in brlef,
ig as follows.‘_fe.;u | | |

The state of a convolutlonql encoder hav1ng constralnt
length K (7 in, the present case) 1s deflned as the contents
of flrst K~-1 stages of the cncoder shlft reglster. Lettlng
'VX represent - k-2 bit eequence, the states of the cncoder,
can be represented as x0, ‘x1, Ox, 1X. The encoder: state
changes from x1 .%o Ax thn thc encoder 1nput is.je The.
tran51tlon from state xi-to JX requlree that the encoder”
shift reglster contents be jxi.

The operatlon of the decoder requlree that a max1mum
llkellhood deelslon be: made as to whether stabe Jx was -
entered from state x0 or' xl. Thus durlng each bit-time 2&“15
palrw1se decrslons must he made. The resulus of these dec1~ }a
sions are stored forming 2£ -1 paths. A88001qted Wlth each
of these paths is a, path metric, or stqte metrlc,_whlch 1sy
a measure of dlstance between the path and the rccelved
channel eymbols; In LV 7015 the path length of 32 hae beenf
chosen which is nore than four tlmcs the constralnt lenothgh%
K (-7) Durlng each blt tlme 64 palrw1se declslons are;ﬁ

made, the path w1th mlnlmum metrlc 1s determlncd and the

oldeot blt on bhat pqth 1azbho decoded 1nformatlon blt.:

-4 ‘.E' B

—~TOTEC~
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The oonvolutlonal oncoder on bOard the Solrad 11 sate—

1111:6 Dpera,teq 1n the serlal BPSK mode. Informa‘blon bl'bs "; "

: 1nput to the enooder generate two ébae (parlty) symbol
treams Pl and Pz.;These two symbol stream are- 1nterlaced
.:ln'LO s:mgle serlal streem output at the 2R (204 8 bps) rate. "
"The Viterbl Decoder resolveo the two staﬁe amblgulty by a
process of ‘node synohronlzatlon’and produces two streams
Pl and P2y When bhe dooodor ig 0perat1ng wi th 1ncorreot
“node synchronlzatlon, and the data source is random, the
reoelved symbols are random and result in high correctlon
o rate: 1.e. the rate at whloh static: motrlo 1ncreases. At
' »this sta,ge assumed node synohronlzat;lon lS oha.nged, and
4 :proper blt traln dppoaISdt “the output. Proper blt traln
‘starts appe aring after about 350. blts for hard quantlzatlon
‘qmode (150 blts for soft- quantlzed mode) for deooder output |
error rate of 10 1 - After: that. error rate dlmlnlshes with -
,__tlme.‘ | ) |

: 4 5 5 Tho PCM Dooommutator

S Tho traln of ‘bits from Vitorbl deooder is pas sed. through

PO deoommutator specially built to suit Solrad 11 format re=
“'qulremoats. Inltlally it was proposed that the ‘ef forts should

yleld vorsatlle “PCM deoommuta¢or o frame eynohronlzer useful
?Mfor any other satellite having . dlfferent frame syherpattern

';Solrad 11 data has to:be- reoorded, almost round the cLocky!

~NOoXreCm
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on the coﬁputer eomoatlble tape fecorder 4ln'é‘ebe6ial'
| format for useful data exchange Wlth VaVal Researeh Labore-;
tmw,ILmA.wmsmweJﬂ@mbmwylntkm:ﬂmmm'ume(UT x
saﬁelllte ephemerie 1nformatlon and 1nformatlon of quallty =
of 31gnal for PCM decodlng 1s to be multlplexed w1th sate— ‘.
'lllte s1gnal for eaoh of record (2082 byte ) at regular
1ntervals for computer analy31s. Hence 1t was deolded to.

opt for dedleaﬁed decodlng equlpment for oolrad 11 programme.

~AThe current trenduln:thlsﬁfleldwls tovelave a mini
computer for frame synchronlzatlon purpose. The mlnlcomputer
searches for.-frame synohronlzatlon pattern and dlreotly
records: the . PCM words. on,dlgltal tape recorder attached to

it as a- standard perlpheral.

The dlgltal ﬁape thus prepared can subsequently be
proceEEGd”On4gibigaoompuﬁef;*ln‘the case of’Solrad 11 dafe”
the minicomputer will have to do a dual job of frame sy'n'oh—":
Tonization as well as eomputaﬁionlof'ephemefiSLEtartlng
from*the'orbital eleEEnts.;I% w&e~éefima%ed thaf.éonside—
rable time and efforts would bé needed ¥o develop thé
neécessary. eoftwqre for the above purpoee and therofore the
above scheme was dlsoarded. Al ol 1t was argued that 1n order
to. have spare sets of deoedlng cqulpmente 1t is worthwhlle
to go-for decommutator w1th harqure rather than completely
rely on one: mlnlcomputer whloh has to be tled round thev

—~MNOY S~
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Onoollt was de01ded‘to go for decommutator Wlth hard—_
'1vuere, Varlous phllOSOphleS were StUdlLd and flnally the one
,descrlbed below was adopted (Flg.lB) A sohematlc dlagram
of. the PCM Decommutator 1s shown 1n Flg 14'/: :

. The decommutator works in ‘one of bhe .four modes aﬁ}ﬁ&”
any glven tlme. The :E‘our modee SEAROH VARIFY TOCK and
GHECK are qutomatloally‘seleoted dependlng upon quallty bf“
”thc 1noom1ng 61gnal. All the modes are dlsplayed by the:p‘

' lamps ‘on front pqnel. The front end olrcultry uses a 12
Vblﬁ ehlft reglster whlch gives a one blt pulse whon 12‘
consecutlve blts form. a. frame synchronlzatlon pattern.e
“Uhtll that tlme Ghe . decommutator remalns in SEAROH mode.
whloh 1s 1ndlcated by glow1ng of the SEAROH 1amp on the‘fu
front panel After detectlon of flrst frame syno pattern
the VARIFY laMp on fropt panel starts glow1ng. The one.
blt pulse trig gersAa 01rou1try Whloh blocks data pulses .
going to the.ehift register by 01031ng a bute. The gate 1sl
.opened only when the next frame _sync pqttern 1s preeted
_to arrlve die. after 384 12-5372 blts. Thue eaoh suoh o
pulse corresponds to one frame sync pulee. It is llkely ;pi_
that the 01reu1t may be falsely trlggered by any twelvelpjp
consecutlve blts in the data, formlng exactly the frame B
sync pattern. The probablllty 1s 1 1n 212. But the proba—lﬂp
blllty deoreases exponentlally for the same blts formlng

frame syno pattern at- exaotly the frame rate. An operator ‘
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Wlﬁ£ his owmn audgenent seus a huwber'frem 0 to 9 on the front
panel thumb wheel sw1tch (LOCK range)‘ For eXample,pii_number
, 7 is set on. ‘this sw1toh,.the 01rcu1t w111 exqmlne for seven »
Squ6381ve frames for sync pattern wnd 1f allpofﬁthequeteot
it; the decommutauor goes to. LOCK mod.e e Ii for -a gingle frame
in between,phe syno pattern does not. appear “the deoommuta$01
immediately goes.to SEARGH mode tlll it detects the. next sync
pattern. Thle contlnuee till 7. conseoutlve frame sync paﬁterne
are deteoﬁed._As 1ong as the . deoommutator remains in-: TOCK .mode
it is assured that all the frames have proper sync patbtern
in the beglnplng. Durlng the LOOK mode, 1f.forua.while&ﬁheef
ohqnnel n01se 1ncreaees and consequently, sync pattern is lost,
the equlpment goes toO CHhCK mode. Here again the operator can
set a.number from O to 9 on a front panel thumb wheel: sw1tch
(GHbG& range) Here the logic used is opposite o that used
in LOGK mod e « For example, 1f a,number 5 is set, the;deoemﬁx
mutator goes to UuARGH mod e 1f for five eoneecut1Verframes_d
syno patﬁern dOes not appears Otherwise 1t comes baokfto o
the L0 oK. mode. ’ |

In qll the mod e s eerlql to.. paxellel,conversion;is .
contlnuous. Thus decommutaﬁor glves 12 bit output on. L2~
parallel lines. The Words are allgned onlydlf proper synce -
pattern is defected.ﬁThe Wpﬂﬁzfo;lpw1ng;the frame sync -
pqttern glVbS a. 10 bit blnary‘fxameVCOunter whieh‘iewinr
cremented for eaoh transmltted frames, The remaining two. -

‘bltS glve the 1nformet10n rogardlng the type- of date formqt

selected on board the satelllte. This word is dleplayed

—~more-—
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on’ the front panel by means of - 10 11ght omlttlng diodes (LED'S)..
Operator can monltor thls counter Wthh 1norements at every
5.5 seconds, All the 1o LED'S &0 through a cycle which lasts
| exactly for 64 mlrutes. ~ N ,

Alongw1th the 12 blts of data,4 blts for 51gnal quallty
are added to produce two 8 blt oharacters compatlble to CCT,
‘as follows. o |

05501234 50 8 9 10 118
Pirst Character  Second Character

In the word con31st1ng of 12 blts, blt No«1l'is trans—

mitted first from the satellite. The blt L:is high (lOglc 1)‘
“if the decomnufqtor is in LOOK mode., The blt S goes hlgh 1f '
the Word corresponds to frame sync pattern. Thus for each
atelllte data word thore are “two oonsecutlve characters:_
in the record, on the" dlgltal tape reoorder- For a two'.
minute telemetry cyole there w1ll be 2048 oharacteré. Thé,
remaining 34 characters are reserVGd for ephemrrls and tlme
information, thus makln” a record of 2089 characters.

To doteco frame SJnO pattorn, the nax1mum resemblence-
technique is dellberqtely av01ded. In th19 tbchnlque, 1f
frame sync patteln docs not appear because of hlgh channel
noise, the pattern Whlch resemblbs most w1ﬁh frams . Sync and..
repeats at frame rate ig declarod .as oorrpot pattern. Thls
is sultable onlJ when the words are d951gnated to glve
quantlzed output of sone phy81cal parqmetor..Any noise : -

fluctuatlons of the data can be regected in analysig.

—-More—
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Butlncwm ‘of &ﬂrw.ﬂ_mﬁa{ﬂlthccmmmﬂmm%l
gcnerally do not follOW'thc oamo blt p051t10n pattern a;
far as 1ntcn31ty, rqnge, powcr supply statub, dctcctor'
selection and s(tedllte'health'1nformat1mnclc concerned.
Thcreforc, when- dccommutator is not in LOCK mode for a “
considerable’ tlme, no useful 1nformatlon can be obtnlncd
as stnklstlcallv thc chqnnel noise is equally dlstrlbufed
over all the bltg. In the prosenﬁ case, it is 1eft to Lho
user to decide Whothcr he can accept the dwta for dna1y51s

or not if decommutator is not in- LOCK mode for a long time.

4. 5 4 Tlmc Decodlng and Pormattlng

'Alongw1th the raW'PCM data rccelved from satclllte
the WASA 36 blt tlme code is aloo recorded on the othor
| channel of REVOX tape rccorch. Thls 1s,ba51cal%y;q.100 pps
PCM signal (PDM) amplitude moaulated. ( 75 %o»_
85%) on- 1 &Hz 51ne wave « A loglc 1 is denotcd by 6 ms 'on’
pulse dnd loglc O 1s denoted by a 2 ‘ms 'on' pulse, the
period in both cases being 10 mg. When t(pe is replaycc,'i
for a logic ZGY Oy, 2 cycles of 1 Kliz appear w1th 100% qmp11~'
tude with a gap of 8rcycles below. o5% levels The flgurcs‘
are é'cYCles and 4‘cyolcs for logicils Duang one second
9 digits:fOr'timc_(S'forAdaysggz for»hour%,-z for minutes
and 2 for‘sécondé} are multiplexed with one rcference
markexr (111110), 1,1_1iné index - 0.1 ssce = markers (000001)

The digits  arec cXpresscdiin BCDs - {j>

-Morec~—
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The tlme deoodlng clrcult (Flg.15) searches for refe-;;
renee marker and detects u6 bits for the 9 dlglts and - latches
them on a 36 bit latch. On the Latch, bits are. updated as ‘
and when they change, - | |
The 1 KHz sine wave derlved from the clock is connected
to a phaue loek Loop chip NE 565 w1th VGO centre frequency of
10 KHgz. Thls 10 KHz frequency is oounted on a 16 bit binary
oounter. 1 PPS refereno marker resets thlb eounter as and
.when 1t 1s detected, At every two minutes (ic. perlod of a
telometry oycle), 16 bits from counter and decoded time-
from the 36 bit latch is sampled. The BCD outputs for days, -
hours, mlnutos and ‘second s are converted to binary form (9
“bits for dqys, 5} for hours, 8 for mlnutes and 8 for second g)
to sult the standard recordlng Iormat Qf time characters in
'the 2082 byte long record. The dats decodlng 1s done only
off line g% present and henoe NASA 36 bit/1 KHz tlme oloek

has to be recorded alongwith the satellite data.

4.6 Microprocessor PDP11V03
For the Solrad 11 satellite data proce881ng, it wqe
first thought to use the mlcrOprocessor as PCM deoommutator
(or fraMO synchronizer), Slnce 1t is also to be used For
satellite cphemeris oalculatlons, thls 1dea was dlspensed
with and a hardware decommutator wao fabrlcatod. The PDP11V05~
'hae a KD11-F CPU and 19K of dynamle MOS-RAM for computatlon

Use., I% is attached w1th LAZG DEO—wrlter 13 oonsolo dev1ce.f

=MOTre~—
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Softwame”FoﬁTRAN—compller has been prov1ded on system dls— o
kett (£loppy diek)s At a time two 41gkeths cin bo usud ad
there are two disk ervyng Clmitse S
Oon reoeiving'thé 'orbital’ elomentﬁ' from Nayql Research

Laborétory Gvery week, the satelllte orblt can bo prodlotcd
_for noxt few days. by solv1ng Keplér"S‘equatlon of motlon
for orbltlng Sodics. Te 6 orbital cletionts define the sate—
1lite's orbit: parambturs at a glvon time, as follows:

le nght asoentlon Df the . aooondlng node (longltude of the péinﬁ'

| where'the'Saj6111te crossas the equator and goes north—

ward from the vernal equinox direction).

2. Inclination (of the orbital plane with }éspGCt to the
equatorial piaﬁe). ' | |
B.IArgument of perigee (angular distance of‘the'ﬁerigeéA
“point of the orbit from the asoendihg node alang‘the?
orbit of the satellite). : -

4, Sémi_major axise o

De Eooenfrioity.' '

6. Mean Anomaly (M, defincd as thevﬁngle swept by the
radius vector in the 1ntervql (t - T):‘ whorg t is the
time at any instant - and T is the tlmc of pcrlgeuﬁ

passages Thus, M = n(t HD Wherer'i . denotes, the mean
angulwr velocity glVen by n 2TT/per10d)
After solving the Kepler s quqtlon of thlon, the

orbit is corrected for gravitational cffects of sun and

—~MoTre~—
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moon dcpendlng'upon thclr p031t10n w1th respect to the .sate-
_lllte s pos1tlon qlong the orblt. A,.»3..’.

o Accordlng to the aocepted VRL format (Flg 16), “the
sqtelllte p031t10n 1nformatlon 1s calculared every two.
minutes in thc form of geoccntrlc coordlnates (x, Vs z) and
thelr tlme der1Vat1ves (x, s z). X Ts and z are calculated
in declmctres and caoh of thcm Occuplus four - 8 blt charac-
ters, whcreas X, y and Z arc calculated in me~1 multlplled |
by 10 .. Theoe also occupy 4 charactors eaoh. Thus satellltc‘
:ephemerls 1nformqt10n occupies 24 characters in a 2082 byte
length record corre3pond1ng to two minute telemctry cycle.
The computer program for thls purpose con31sts of one maln
prograume and 22 subroutlncs and all are written 1n.EQRTRAN
- language. The tbSt as well as compllcd output ig stored'on
the diskett (capacity 256 K bytes) Efforts are underWay

to accommodate the full progrqmne in the 11m1ted 12 K memorJ
~and with the 11m1ta¢10n of 2 min computatlon tlme,uas the |
1nform%t10n has to be updated every two m1nutcs. Also;
essential 1s to connect the mlcrOproccsoor to. PERTEC
dlgltal tapc recorder, for transferlng the computcd satelllte
p031t10n coordlnates, through 1nterf%oe belng developed 1nw
the Laboratory for thls purpose.e_

Prescntly only thc sqtollltc PoM data and time 1nfor*;;
matlon is belng transferred to dlgltal tape recorder through
1nﬁerface and Lhe ephcmorlD 1nformatlon 15 oomputed 1n IBM
360/44 computer as, dnd when necessary.'“\V

~MoTre—
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Em addltloﬁ +o this development Work, this MloroprO;WJWH
ceggor is belng used for software duveljpment in both FORTRAN‘
as well as assembly 1angque (MACRO) All the programmes
dovoloued s0 fqr han boon Dtorod on the dlskbtta. The most
important amoapst these are’s | l g
i) Programme for computﬁtlon of qntennq 1ook angles
(predlcted) for tracking the Solrad 11 saﬁellltes

on the bas1s of orbltql eloments 1nformat10n.

ii) Genoratlon of PRBS (psétudo’ random blt sequenoe5
of (2%® ~1) blt 1ongth for ulmulatlng Solrad 11
PGl s1gnals.
iii) Bynth951s of oonvolutlonal enooderbolroult with
knowledge of_resp@nsevat”the output fpr known
'input sé@uenqé.
~ iv) Design of écﬁive_filters.

B Solrad Telomebry and Retrleval of the 601eﬂt1f10
Data from the Digital TqDes<

Each Solrad 11 satelllte transnits 'real t%me telembtf§':

link, transm1551on frequon01es being 157 44 MHz and - 156 53
-MHgz for the sa¢6111bes A and B ruspectlvely,Acqrrylng all
exporlment and house kceping d;tq; Tncre aro flvo formats,
each format oon51°t1ng of 32 frnmes oontalnlng 52 twelve
. bit words per frame. Thp 1nformatlon rqte 1s 102 4 blts

per second. Therefore, 1t takes 3. 75 sooonds La tran5m1t
'each frame and  two mlnutos to bransmlb a oomplctb formqt.

Format ome is thoe normally uelcotod format booause 1t

~More—
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| coﬁfains‘data from all experiments (except 18, 19 amd 25),
‘comple%é.éﬁﬁegiméﬂﬁ*ététﬁstéﬁd“ﬁbuééﬁﬁeéﬁiné.iﬁféiﬁéfion and
 spaoeoréfﬁ“hoﬁséfkééﬁing informations Analog déts from ex.
"perimeﬁts ard meni tors ‘is cbgvérted to digital form, in
most cases to 8‘digifal'ﬁifsf”Thé:éighffﬁifjénaiogito;’ .,
digital data is transimitted most significant bit (MsB) fiisf
using ‘the first eight transmitted bits of the twelve blt
:telemetry. The“last four transmitied bits’ sometlmes contaln

status and house keeplng informati on and sometlmes are blank.

For séme of the experlments, the analog da$a 15 oonnt_‘
verted to 12 dlgltal blts, oocupylng an entlre twelve blt
telemetry word and- tranumltted MSB flrst. Dlgltal data from
some experlments 1s encoded by 1ett1ng the telemetry words A
carry the output of 11near aooumulators whlch also 1s |
transmitted MSB flrst. However, dlgltal data from most of
the e{perlments 1s enooded by 1ett1ng the telemetry Wardo_
carry the output of a 12 bit floatlng p01nt acoumulator (FPa)
in the form of ‘a 4 bit exponent and 8 51t mantlssa._lf the
values of the exponent and the mantlssa are denoted by E and

T respectlvely, the de01ma1 value of the count C 1s glven

by - (T + 255) 2 = 295 . .

If T = O and I = O, th@ follow1ng formula is used.
G = 511 .‘VE‘l__ 255
The exponent and the mahtlssa are.. ~transmitted us1ng the
first four and the 1aﬁt 8 Bits nf the 12 blt telemetry Word

both MSB flrst.

~MOX Qe



 Four -bits 0, L, 8, O are added 40 each of the 12 bit
télémetry'Wor&%in;thenEQMedecod;nghequlpH@nt where L and S
denote the-status,pfutheiloQkiﬁé Qf fhe7equipment‘01fvif*
locked and O ifyunloqked) apd th§‘presenée 5f>ﬁhe:8yno
(€1fhif‘présént;andg‘0' ifVabseﬁt); fhﬁé,‘éadh-télemetry '
Wofd:becomesiiéfbits,’the firstfber béing those added ih
-the PCM deoodlng equlpment, whloh is. equ1Valent to two words
of 8 bits each” of IBM 500/44 Bach telemetry cycle of 2 min®
-duraﬁipn hag thus 32 x 32 x 2 = 2048 bytes of eight bit l
eachs In the standard NRL_fo;maf,“54‘bytes=haying_16 bits
each ére aﬂdédlin the bewinniﬁg of each téleﬁetry frame to
1ncorpora$e the real tlme of the daba and the éphemeris-of
the satelllte at the tlme When the daﬁa was obtalned.-Thlsrv;
;nformaplon is gen&raﬁed by the ﬂuorOProcessor and trans- -
ferred to the digital tepe at each 2 min interval before
;a téiemétry cyoie‘cqmmences; -

As already menfioned abéve, the telemetry of either
Solrad 11, saﬁellités contéins the data of various experi-
ments as well as the experlmont statuo and house keeplng,
Cege on/off state of the exnerlment range, mode automatic/
manualg'oallbratlon on/of£9 etc. If»the‘téigmetry?data_isw'
clean; the sixteen bits of the firétvwdrd-bfAeéQh of the

: frames as read on the dlgltal tape w111 be'

Lock Syno . Sync Pattern
0110 1101 0111 0101
‘I byte IT byte

. —more-
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The de01ma1 Values. of- the two- bytes (of 8 bit’ eadh) of the
. above words are 109 and 1117 respectlvely. The s+ blt patterns
:epeet_eitereeadh"BZ wqrdS”(i;ea 64 bytes) of g’ frame and |
therefore enable one to determlne the quallty of the data.

It the values of two succe331ve bytes are 109 and 117 res—F
pectlvely, it ehowe ‘the first word of ‘some partlcular frame
in a telems try cycle (oan51st1ng of 32 frames numbered from
0 to 31)s The lrame 1dent1flcat10n 1s ccntalned 1n a 10 blt
;frame counter, bits 7 16 of word 1 of every frame in every
format, which 1ncrements by 1 in sucoees1ve frames of a tele—
me try oycle. The frame count is O when the blts 12~16 .are. ell
'1n zero state . Satellite clock (glVlng relatlve tlme) appears
in the data as a 24 blt counter in words 18 and 19 (blts 5~16
in eaoh) of frames 6 14 22 and 30 1n format 1. Thus after
‘eaeh elghth frame, the tlme 1norements by 30 seoonds, Whlch
could go upto a max1mum of 16 mllllon second s (1 e. 400 days)
The 1nformat10n on the words and the partleular bitsg 1n1“-
which the data of varlous eXperiments ig contalned has been_,
provided by NRL. Computer provlammes have been developed to.
identify the data words in the apprOprlate frames 1n the
given. format and the counts are plotted agalnst tlme by the 1
(IBM Plotter. Figs. 17-19° sholw the plots of eounts versue o
tlme for 6 af the . experlmento on Solrad 11A on May 10, 1977t 
from 10:54 UT to about 12:09 UT, Callbratlon ourves haVelv,

been recelved from NRL for five of the X;ray experlments

~more~
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(No.4, 5, 6, 12 andlisy‘on boardisolnadfiiA/B satellites For
the se eyperlments, the Solrad 11 telem@tered dlgltal count

(Q) is converted to energy flux (F) by using the conversion

equatlon
- = A(C~D)

where coefficients A are‘baséd on laboratory measurements |
of defectar:eff;ciency and agsume a graylbody‘solaremission
spectrum. The noeffinients b are bésed on laboratory measure-
ments of amplifier penfarmanoe"and'in;fighf calibrations.
AThe coefflclents A and D for dlfferent experiments have )
been prOV1ded by NRL for the two detectors (A and B) for
different ranges (1—%).

Fig.20 shows the energy flux of the solar’X;rays ob-
tained from experiments 4, 5, 6 and 13 on May 10, 1977
(Experimenﬁ 12 shows abnormally low data oonnt:and hence is
not plotted)., The solar X-ray flux is seen %o be nearly
CQnStant thereby revealing ébsénce of any significant'aoti~ .

vity on the sun for the time interval shown.

6. Conclusiong:

AThe system planning, design and development of the
sub~systems, namely, 'SBR antenna, polarlzatwon switch, pre-—
ampllfler, remobe oontrol unit for SBF antenna, PCM bit

-sgnchronlzer,~decommutaﬂpr and tlme deoodlng unit, was
_carnied‘outJ:Fbr”maintaining the penfbrmance of entire set-

up and Sub—system85”Solrad 11 signals were simulated and

~oYrg~—
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:Hwtransmltted from. the telemetry bulldlng. Before each pass of

RN

_EPSolladmll Was recorded, the overall system performanoe was

15

tested by monltorlng these slmulated PCM s1gnals. Tho 6olred 11

.. ,satellltes were- suocessfully traoked and the data'Were re-

‘eorded, Qecoded - qnd put Rovel to IBM oomputer oompatlble dlgltal
Auitape. The softWaro to rétricve the data of the solentlflo

‘JoXporlment nas been deve]oped and oomputer plots of varlatlon

’ﬂlAOf oounts for o number of" experlments have boen obtalned

:Q'Gallbratlon eurves for- some of the experlments have recently
_;becn reoe1Ved from NRL and the oorreSpondlng absolute solar

.ﬁfWuxes have been calcoulated. Tt is hoped that the Solrad 11

'*;vdata recordlng Wil be resumed after the satellltes are put

1on after Maroh 1978,
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_AJ?PENDlX -1

PHYSICAL ORBITAL AND TEEEMETRY SPEQIFIGATIONS

L QR SOLRADull SATELLITES ’

W elght

Spln perlod“
Incllnatlon
Semi—ﬁajor axis
Period

Transmission frequency

Transmission‘Power
Type of signsal

Trensmission rate

Information rate

L4
@

(Y] s

(13

'r;ﬂ182 @ (approx-)

S L

4 .gead (approx.)
26° ( approx.) '
125,000 Kms (approx.)

122 hours (approx.)

156{55 MHz (Solrad 11 B)
137 .44 MHz (Solrad 11 A)
5 watt (37 dbm)

PCM (Bi~phase)/PMN

204.8 bits/sec.

- eonvolutionally encoded

102.4 bits/sec.
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, APPENDIX - 3 . - ;
LINK GALCULATIONS E‘OR SOLRA’D 11 J.‘ELEMETRY

1) Tot al NoisebfaetQ?Efor ReceiviﬁngYstemJ>

. LetQt_iﬂeh;f7feff l: f ’;, . ff' ,
~,£NFi' N01se faetor of preampllfler (— 3 db).
o= _eam of _proampllflur ..'A'i=-’f 5000 (- 35 db)

: :N@zf% N01se faotor for oablc, equlvalent o
S - cable: losses. 5(=5 db) - ,

G2 = Cable losséss = 5 (= 5 ab).
FNFB = Noise factor of the receiver = 4 (=6 db).

e o ‘Potal Nbise Factor,
Com o NP2 - 1 NF3 - 1
NeFlo =WFL + =%7 tET.es
) . 4 -1 ;
3000 * (ag00 (5)-T

I
S
o

2);?Equ1valent N01se Temperature at 1nput of preampllfler{

: Teqvt Tamb (NF -~ 1) h Tgal

'Where'Tgal is the antenna noise’ temperature for :
~ the galactic noise’ re0e1ved by the anterna 1n thef
frequeney band of 1nterest and is taken +to be ]
1000° K.

4

Teqvt. = 300 (2 - 1) + 1000 = 1300° X,

is)szquiValént Noige peWerﬁéi the input,

ceabio L

~MoTe—
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L Wi = (K) (T eQuivalent) (B) . | s
= 1.38 % 107%° x 1300 x 10% T e
= 2 x 10-16 watt o »
= 2 x 10712 & wats.

L

~Bffective 1sotr0p10 radlated power (EIRP) from
.sa%elllte = 37 dbm°

Path losses for height of .120, OOO KM é —177 db.
Ayerage 1onospher10 and other losses 7‘#&@- 6 db./-
intenna gain & f“?'. , = 25 db.

Gwﬁwrpmmrattm;umm:ﬁ:mmnwmv;f*ﬂﬁi
system is = =121 dbm. ‘

v*y Carrier to Noise ratio at the input of the
recelving system = +6 db. This is adequate for
the locking of phase lock demodulators in the
receivers used.
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APPENDIX - 4 \

CONVOLUTIONAL ENCODER - VITERBI DEGODER'LV 7015
(LINKABLIP CORPORATIQN)

Characteristics:
'Constraint Length :‘,7¢.““ |
. Rate : 1/2 Sl \

100. K’ bl’bS/SGOn e
(200 K code symbols/sec.)

Maximum data:rate,uu

Coding gain. - ‘ 5 ab for ‘s0L - quantlzatlun'
' e 3 db for hard quentization:
S ”'r.:gfor 10“ bit error raﬁen o

.

Expected number of bltsibr _:<1350 blts for hard quanti—
resynchronization after zation =nd .. < 150 blts for
synchronization loss ' soft quqntlzatlon for .
o BT decoder outgut»grrar
‘rates <110“ A

Encodinglpecoding delay 38 blts. - ) 3'5*1f.f~“,
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5 OF ANTENNAS
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V~e1ement
ths '

H?element_

Oh_s

‘,50 A+ 31 494

51,31 - j2u T

"7=5o 9.+ jlo125
;-.V46 598 + j1.073
52097~ j1. 115
50319 ~ jeisg
o .BBIa - gBien
| 53.84 - §2:90
siiea + j1ova

. 49:89 + §2.32

54.99 ~ §0.51

- 56, 99 + j0.279

l*i"47 ¥31.8
v;q46 6 4. j4.51 B
- .53.259 + 36, 26
 x46 99 ~ jos 186

56474 + J348
51.95 ~ jii 66
50.69 + 38,15_

46469 + 310.35
B5.85 + j2.74 -

80 + jo

51.84 + 32075 ..

55'97 - 38‘20'

53.89
56 .98
51.76

55 86vl‘jzi45
32 44
.JOe 81‘w

Jj8 87

54 68

“51ﬂ55m

49498

+ 34 15 L
+ jO.87
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TABLE - 3
e THE GHARACTERISTICS OF THE POLARIZATION SWITCH

. Input impedance at port V 58 + j3 ohms

48 + jO ohms

Input impedanoe at port H

Impedanoe at the output 44 4 jé ohns

port O

Insertion loss ' 2L 0.7 dB
VSWR at the input/output ports :< L.l

'Cross—-talk' due to N
polarization switch 20 dB down

49
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SINGLE /ELEMENT 'SHORT BACK FIRE ANTENNA

bl 25M o -

Fig.2 : Sketch of 136.5 Miz antenna . '
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THE SHORT BACKFIRE ANTENNA

Figi3 t Artist's view of the SEF antenna.
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Fig.5 s A sketch of (a) four way power divider
and {h) two way power divider.
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Fig.6 : VSWA versus freguency curves for
{2} a single element and {b) combination
of four elements.
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Fig.7 ¢ VSWR versus freguency curves for
- the 16 eleégent array,



TRANSIT_OF THE SUN THROUGH ?HE SBF ANTENHA BEAM

CHART SPEED l/m A
HALY POWER BEAM WIDTH = !LE

Pt S

TIME (DEGREES)

TRANSIT QFEWﬁ;shN THROUGH THE SBF ANTENNA BEAM

CHART SPEED ! / min :
HALF POWEF’ BEAM WIDTH = IO N

TIME (DEGREES)

Fig.8 s+ Solar trenmsit at 140 MHz (a) on a quiet
day snd (h) on a nolgy day.
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§ . : L o
b P.R.L. AHMMEDABAD SOLRAD HA DAY:I30 16-5-77
Zoo - EXP-1 . X-RAY CH-1 15-20 Kev ] -
208 WA& It haudar e s -t » Aviymam
- EXP-1  X-BAY cH-2  206-30 KeV = :
8 s et
200 e xemay CH-3  30~60 Kev.
o W*‘WMWW%WWT“WM
200fF EXP-i  X-RAY  CH-4  60-150 KeV ‘ B
"O A i 1 1 I - 1 1 1 1
40"; EXP-2  X-RAY (DETECTOR W) CH-I 3~7:5 Kev T
.'::é ”WMW‘MWM‘*WMMM :
200 |
:D Il —d i i I l : i
i EXP-2  X-RAY (DETECTOR X ) CH=2 75 -1% KeV ¥
1800 ~ Ca ‘ 9.
1600 <N ML!“\“‘?Lﬁmﬂ -
mod: - . 4
T EXP 2 'X-RAY (BETECTOR YN CH-3 15-30 Kev B
2'00 MW&MMM“T*WMWA A e
s Ot i ¢ * 1 | ;
- 7 0 EXP-2 X-RAY{DETECTOR Z)| CH-4 30~ 60°Kev - T
izoo: '1’5! ﬁ!ﬁM']WﬁMﬁWﬂmMﬁ% ﬁ w b%‘fMMNM#MWWN’W nl
feoor -
aool . -
600 f -
a0 -~
zoo}- . 4
0 1 : $ " 1 L L 1
086 7 100 1rie - jpag 130 {it40 1180 1200 1240
TIME{U.T.)
Fige17 3 Telﬁmetared counts for different

channels of Exp;? and
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'PRL AHMEDABAD SOLRAD 11 A DAY 30 10/05/77.

400
XP-14 {P6) SOLAR PROTONS 2 MeV
200L [ 14 (PG) "Jo :d
Po) M - s
200F { EXP-14 {PT) SOLAR PROTONS 10 Msv -

n
o
20

r .

EXP-14 (A6) SOLAR ALPHA PARTIGLES 4.5 Mav

o] - )
zoé.?- . B R ) " o .
EXP-14 (A7) SOLAR. ALPHA PARTICLES 7.5 Mey |
o ’ —
" T EXP-14 SOLAR HEAVY NUCLE| Z.GT.2, E.GE.3 MeV/NUCLEON
" i : :
Z 2
& _
(@] Q — .
O 200p .
EXP-23 (PB) ANTISOLAR PROTONS 2 Mev
ok o somin
20OF ' Exp-23 {P9) ANTISOLAR PROTONS (0 MeV
200} ' , ; o ,
_ EXP-23 {A8) ANTISOLAR ALPHA PARTICLES 4.5 Mev
‘Ok . . . V -' RS
200~ EXP-23 (A9] ANTISOLAR ALPMA PARFICLES 7.5 Mev .
o ,
aF - EXP-23 ANTISOLAR HEAVY NUCLEI Z.GT.2, £, GE. 3 MeV/NUCLEGN
2h = L e,
obd J 1 ) 1 i ! ' ) : Lo i
16750 oG e 1iE0 130 140 EQ 1200 i21¢
TIME (U.T) ‘
Fig.19 ¢ ‘Same as in Fig.17 for Bxp.ik and 23.
\
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