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'IO

' COMMAND, RANGING & TELEMETRY SUBSYSTEM CONSIDERATIO NS
FOR AN OPERATIO NAL UHF-SHF COMMUNICATIONS SATELLlTE '

INTRODUCTlON ~

’ The Commond Ranging and Telemetry Subsysiem (CR & T) For ctny spocecroﬁ is

required to perform the Following critical Funci'ions

o :Receive commcmd fransmissron From ground and demodulctre the commond

‘ messoge .

o Rerransmlf the receiver command message fo ground vio the- relemerry |ink

o ro provide command verificohon prior to execufion.

o ~lssue commands, upon receipr of "Execure signals to fhe various spoce—

craft subsysi'ems to selecr desired operorionol states,

o . Issue commonds upon receipr of- MExecute” signols to various’ fhrus’rers used

for sote“ife monoeuvering ond station keeping. -

ol 'Provide rcmgrng informorion For precise orbit determination, borh rronsfer

cmd synchronous

o .- Sompie ond process relemerry dcﬂ'o From vorious subsysfems ctnd sensors in

L : Aj_,rhe spocecraﬁ

o Tronsmit the felemei'ry dora ond/or ranging signctls to ground via rhe

felemerry fmnsmiﬂ'er.

. Gener_afe and disrribute clock signols,. as required. |

These Funcrions must be perFormed accurotely and reliably during i'he enrire

- misslon, including the critical launch and fransfer orbit phases.

In order to establish the 'reguiremenis and desirable features For d Co‘mmon'd ,
Ranging and Telemerry Subsysrem, it Is in order to first briefly review the )
" launch cmd posifioning operations, and the’ exisfing ground station Fctcilii'ies and

sysfems o




1.1

: j‘Revie\“i/ oF Mission Evehis,' Launch to “On-Stotion"' .

' ’The launch of a communico'rions saiellife is usually from the NASA rcmge

ot Cape Canaveral, Fiorida. o

'A three stage Iaurich vehicle, typlcally a Thbr—Deh‘o, uses the first two stages
‘_ to put the spacecrofi info a porking orblt, which is mclined 23° - 27° to

~the equaior, and whose firs'r perigee is wi'rhin + 19 of Longiiude.

The fhird s'rdge then spins up the spacecraft, and faunches it Info an mciined

~highly eilipfical "'rransfer orbit, with perigee at about 100 miles cmd apogee ‘

" at. approximately synchronous range of 21,000 miles.
o Up to this point, all c:oni'roi is from the launch 'range operation, usi ng the
rocket's Command and Telemetry System, qnd-NASA_'iraci(ing facilities.

" The next step is to determine the transfer orbit paromefers as ‘quickly as

possibie in preporaiion for the move fo synchionous orbli' cmd subsequenf

. posﬂioning.

' This is done us’iné ’rheepace:'croﬁ's'Teiemeiry and Ranging Sysi‘e.m, and

fracking station. fociliiies at various Ioca’rions. : Thus, the Telemetry and

o jaRonging Gnienna(s) musf provide a sufficiently omnidireciionai pattern o ensure '
'j‘odequaie coverage despiie 'look cmgles which differ wii'h frackmg location and

- - .ihroughouf the i'ransfer orbit.

'The NASA ne'rWOrk includes sfahons at Tcmanarive (MuIthasy), Carnarvon
: (Wesfern Ausfraliu) Sanfiago (Chile), Rosmcm (Non‘h Caroiinu), and s
- equipped for VHF/UHF and 2 GHz operation,

. The INTELSAT/COMSAT Sys’rem uses facilifies at Carnarvon, and is equipped

For 4/6 GHz operaiion. .




Review of Mission Events, Launch to "On-Station" (Continued) -

: } TELESAT Canada: u:se;s'faclliﬂes at Gyam, renfed'Frdm the Hughes Alrcraft
Company, and operates at 4/6 GHz.: RCA GLOBCOM uses INTELSAT
factlities for;.frabkl'ng, and its own East and West coast U.S.A. ground

statlons for station acquisition and con’rrol.

Havlng es’rablished ’rhe orbifal parameters, acquisiﬁon Informaﬂon is

_cuvailable For the maln TT/C Si'aﬂon cmfennas for the second transfer orbi’r

‘Attiﬁ;de_ data and spin information From earth and sun sensors 'ivs nowbroeessed ,
and i'bé'spacecraﬁ' must be reorfented to the gbrreg’r dﬁi‘fu'dc-xl position f'qr
| firing the dp‘ogee motor at the apogee of the transfer orbit. For a North
» Aﬁ\eﬂcan Saféllii‘e, ’rhe dpogee motor would normully be. ﬁred af ’rhe‘second
or the fourth apogee, to avold baﬂ'ery run-down and spucecraff temperature

' '.problems, ete.

- .‘Spqcei:raﬁ-fe-—orien’r.df'i.t\an and upog‘ée motor firing are performed, in the -

) ) variou$ systems, by f_he.Fbllowing confrol_‘staﬂons; .

" NASA - Rosman, North Carolina -

lNTELSAT/COMSAT ~ probably Fucino, laly
TELESAT Canadu Allan Por'k. forbnfo |
A '~G‘LOBCQM ‘ Possibly Fuclno, lfuly
CTS (CRC) S Shirley Bay, Ottawa

Th!s flrlng removes the Inclination of the fransfer orblf und esfablishes fhe

.. : -_spucecra_ﬁ In the drift orbit at synchronous alﬂfude. _ The next sfep is to
~ drift the spacecraft to the desired final position, at upproxlr;uufely "|'|5°W :

and re-orlentate so that the spln—axis Is perpendicular to the plane oF the

E orbif “and the Antenna is up (.e., Nor’rh)



K . X .

1.1

| Rev_lew:_of Mission Events, Launch to "On-Station" (Cqﬁtihued)

- In the case _ef a spin=stabilized satelllte, the antenna must now be de-spun,

and "station acqulsition” is complete, = Earth lock oF the antenna is

malntoined using the data From the same eorfh sensors used during i'he

' frcmsfer orblf operoﬂons.

Fdr a three-axis s!'ob!llzed spocecroﬂ' the next sfep is to de-'spin’l'he

satellﬂe to a low rate (degrees/mlnure), and deploy | the solar solls, -

3 slowing l'he craft furfher. Final de—spln and _orlenfoﬂon then fake place.

: To provide eorfh data on-stoﬂon the ﬂxed eorfh sensors used during fhe

spinnlng phose can not be used ond a mechonicol sconning sysl'em uslng a

mirror provides two-axis aHHude lnformatlon., ..




1.2 LAUNCH SUPPORT FACILITIES

The satellite will almost cerfainly be launched from depe Canaveral by
NASA. NASA supports a launch with its Spaceflight Tracking and .
Data Network (STDN).: This is o world wide complex of stations used to

- provide com.municaﬂons wi_fh both manned and unmanned spacecraff.

. ~ The nefwork is operated 'prl.marﬂy in direct supporf of earth orbital
- scienfiﬂc and’ appli cations Sufellifes, and the Unlfed States Manned
‘Space Flight program, but also may be usedto supporf other programs.

Operafional frequencles of the nefwork are VHF UHF and S—band (2 GHz) o

but nof all sfaHons are equipped to- handle both Frequencies :

Presenf NASA plans are to phase out use of the VHF/UHF network by 1978.
| B It 1s therefore very doubfful that any presenfly planned spacecraff would
.. use VHF/U HF command and felemefry Frequencies. ' N '

The S~ band network will have an operaﬂonal life Into the '80's and has

'ground stations af Tenerife and Carnaervon which fogefher with a Canadian

ground sfaﬂon, are- capable of pufﬂng a spacecraff Info synchronous orbif

However, it ls highly unlikely than an S=band. frequency assignmenf Would

y be avallable for an operaHonal Communicafions Safelllfe. Therefore the ;
' chances of uslng NASA's STDN nefwork for command and felemefry of fhe

A spacecraff are. slim,

TELESAT Facilitles - -

Telesat's main TT&C facmfy is Iocafed at AHan Park. Three antennas are used

to confrol two spacecraff




TE LESAT Focl hﬂes (Conﬂnued)

~ For normal operaﬂons, all TT & C functions for the ANIK I SafeHHe are

connected to the Heavy Route (HR) antennas, and all telemetry and command
functions for the ANIK I Satellite are connected to the TAC-2 antenna,
with tracking performed by the TTAC antenna.

The TTAC antenna is used during the transfer orbit and prior to-arrival of a

satellite on statfon. In addmon, It serves as a backup fo both the HR and

. TAC=2 antennas for all TT & C functions during commercial servlce, as well as

for engineering tests and is alse available for subsequent launches.

During the transfer orblt, the Allan Park complex is further backed-up for
vital telemetry and command (T & C) functions, such as apogee motor firing, - -

by the T & C facllities on the HR antenna at Lake Cowichan', This’HRj"anfénna

is also used for range information for orbit control of ANIK I, dOijIng commerclal

service. In addition, for the transfer orbit phase of a mission, h'qnsp'ormble
Tracking, Telemetry and Command Station (TTS), located in the Eastern
Hemisphere on the island of Guam, forms an integral part of the TT & C system.

- Appendix | gives parameters for the Telesat ground stations.

-Telesaf is therefore fully equipped to handle all phases of a spacecmﬁ‘ |qunch

from Cape Canaveral. However, with the launch of Antk lII all of Telesat's

TT & C antennas will be used to. control an operational spacecraft and they will
not ha\}e -a spare antenna fog; use on fhe"fUHF Sdfel"fe_'ﬂ An additional
qnfe'nna would therefore have to be built for the "UHF Satellite" together with
all the TT-& C R.F. equipment. | ‘

(NOTE:- These are the launch facilities avatlable prior to i'he launch of
of Antk III) . . .




 INTELSAT Faclllties

The INTELSAT TT & C ground station network includes stoﬂons at
Cornorvon and Fucino, ltaly.  This system also operores in fhe

4 GHz/6 GHz region, qith i'ypicol ground staﬂon paramefers as Hsfed
in Appendix I

GLO BCOM Faet liﬂes

RCA GLO BCOM uses INTELSAT facilmes for trocking, and has Eosf and

: Wesf Coast U.S.A. ground sfuﬁons for station GCquisiHon cmd conrrol

Parametets for fhese stoﬂons are listed In Append!x .
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2.1.2

 TELEMETRY, COMMAND AND RANGING REQUIREMENTS

. ‘T_elemef[x-
2.1.1

General

The Telemetry Subsysfem is required to provide the ground station with information

concerning the general state of the satellite, and its operational status, together

with. rangmg return signals.

This informafion Is of diverse characferlahcs, and can be characferlzed as Follows

Table 'I shows i'he basic felemefered data.

Basic Telemetered Slgndls

\'Aa)~. :

Housekeeplng Signals

The 0peraﬂng conditions of fhe spacecrctﬂ' are assessed From sample medsure -

ments of the major electrical and thermal paramefers. Since most of the

paralmefers to be sampled do not vary rdbidly.;(e.g., bdﬁery voltage) the -

- sample rate need not be very high.” Under special clrcums’rdnces,l a

parameter may be continuously monitored if a -"dl/l/ell mode" is available on.

'eommand Obvlously, the number of paramefers sampled must. be sufficient

to permif a full dlagnosls of the spacecmﬁ state.

- “The Flexlblllty of a modern dual bcmtd cbmmuhlcat:ions transponder permifs
A selection of many operating configurations, and it is therefore lmperfan'r to
. provide a -‘qulc'k-loclk." fdcilil'y via relemefry, to give the ground-sfafien A
o operafors an immediate appreclahon of the conflgurahon Sldfus‘ infbrnia'fien,'

: lndlcaﬂng on/off or connecfed/dlsconnecfed smfus by means of a smgle binary :

digit is therefore required These lndICCll'OI'S are called approprmfely, Flags



c).

d) | ,Commoncl Verll’lc’aﬂorl _

n

- 2.1.2 Basic Telemefered Slgnuls (Continued)

‘ Spuceeraﬂ' 'Slgncture

In a multi-satellite éystem, the requirement for Identification of each -

~ spacecraft Is obvious.. A unique 'signature’ consleling of a binary number
_or other coded format can be assigned to each spacecraft, und frunsmlﬂ-ed

; perlodlcolly vla telemetry (i'yplcally once per sub- Frume)

A l"requentlyusecl c:ommund coneept Is that a command Instruction recelved 1
: by fhe_-spuceemﬁ Is not immediately exeduled but stored in fhe.co'mmdnd
'decoder. This recelved command is then felemei'ered back to ground to
allow. operator verlﬂcdﬁon that the command has been correcl'ly receive d.

- After such verlﬂcuﬂon, the operator then lnsl'rucl's fhe spacecraﬁ to execufe

‘ ‘fhe si'ored commund

) Cor‘nmand yer-.lflcul-lon s thus an Important part of the telemetry system.

Earth Sensor (Pulses)

Durlng the transfer orbit and station acqulslflon operuflons, a knowledge of

the spin rate and- spacecrcff spin axls orlentuﬂon Is requlred - This Is provided

by the opflcul earth sensor unll's, which provide pulse outputs whenever the

fleld-of-view of the sensor moves from deep space to the earth's disc, or vice
o versa. A positive pulse Followed shortly uﬁer by a negative pulse is produoed

Vus the sensor's Fleld of . view crosses fhe earth.

Sun Sensor {pulses)

Before the satellite is placed 'on-=station', the atltude of the spacecraft

- relative to the earlh must be determined and monltofed.dul’lng the subsequent
"mdnoeuverlhg In order that it can be correcfly oriented in space for firing of
Afhel’apegee mofer'. “The earth sensor's fields of view are too restricted to - |

. uermlf them to be used for this fuhcflon.‘ A‘ su.n serisor, hdvlﬁg a much wider.'

.. fleld of view, is used to provlde Informdflon as to the direction oF lhe sun relative

to fhe spacecraft.,



2.1. 2 Basic Te!emefered Signals (Conﬂnued)

g) . Ranging tones

‘These are the recovered _ﬂgnal tones transmitted to the spacecraft via the

command system, and are to be transponded back to ground to provide

E Ar'cmge Information.

2.1.3 . Mulﬂplexlng of Telemetry Slgnals

2.1.3.1

.Redl Time Signals -

The ranglng tones, dfffeﬁng. in frequeney, can be directly eo'mbi.ned

since simple filtering will provide sepomﬂon of the tones... However, |

. ~ the sensor pulses. (eczri'h cnd sun) are not so eosi Iy handled since fhey

occupy essentlally the same frequency bands. The most often used method

of mulﬂplexlng the sensor signals s to directly modulafe sub-carrlers of

differenf frequencles wlfh euch of the signols.

Sepuraﬂon of fhe sub-ccrriers after tmnsmisslon can fhen be sImpIy achleved

o ~again by direct ﬂlfering. N such slgnuls obvlously requlre N sub—curriers

IF complete sepumﬂon Is required.

i " An ulfemuﬂve to the transmission oF the ser{'s'or data In real time is to process -
 the sensor data ‘on board" Into a coded format which fits in with the sampled
 data. Using fhls approuch a very consldemble reducﬂon In required slgnal ,

~ bandwldth from that needed for direct reo| time transmission can be achleved,

albeif at the eXpense of equlpment complexify. ln. the Interests of s!mplicH'y

. mos’r preseni' systems appeor to favour the real time tmnsmlsslon of sensor data.




. ’ . -
. . . N

2.1.3,2

~ Sampled Signals

~ The rﬁo;f common time division multiplex methods are PAM and’ ;

- PCM. PAMIs ordinarily favoured for low c.cupqu'y. systems, whilst.

PCM is favoured for higher capacity systems. Telescd"s ANIK scifellffe

. Acmd the RCA Globcom U.S. domestic satellite bofh use PAM..

Since a proposed Canudlqn UHF/SHF communlcuﬂons sufel_lifé wbuld'
réqbli’e a mediu.m capacity teiemefry.system either PAM or PCM would
* be practicable. The fact that éxisﬂng Canadian ground sfuﬂbns which
" would probably be used are equlpped for PAM opemﬂon ’ would favour
the choice of PAM,

-The.PAM _felemefry‘ signicll Is modulated on to a sub-carrier for cdrﬁb!nqﬂo'n -

with the real time signals, and the resulting composite bc.;ebahd. |

- spectrum fhen.mpduques the telerﬁei‘ry‘ link RF carrier. '_"T_he' typlcal

baseband spectrum Is shown In Figure 2. 1.




CSIGNAL - . | TYPE DATA CUSE B . COMMENTS
H.gvusekee'ping” N B 'Ahalogue' . 'Sa:mp‘ledi_ S Monﬁqﬁng & .Didgnlosﬂc - | Sampling rate i'elc_tﬂvel:yllow ‘
.'Fiqgs h R , ngi_i-ul B?fl-' . Sdmf:léd Operaﬁoncl monltoring -
Spacecraft Signafure = | - Coded ~ Sampled .} ldenﬂficaﬂon / L Not essential for single
: : . o o . : "~ spacecraft

Command Verlf_icaf’ioh'.  Coded . | Sampled , ) Operational fnonifor_ihg | Sample rate relatively high

Earth Sensor Data * Analogue - , Real Time - Station acqufs‘lﬂlon' and - ) .. Sensors for acquisition.
- o ' " keeping . ; , and keeping are
Sun Sensor Data .| Analogue  Real Time | Station acquistiion and - )| different
' : : keeping )
anging Tones = - Analogue Real Time A ‘Operaﬂon -

TABLE 1

" BASIC TELEMETERED-SIGNALS -
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2.2

2.2.1 General

Command

The command system Is're'qulred to permit operational éhaﬁg’es to

the spacecmff s subsystems, as desired, and must be capable of .

: achlevlng this ina flexlble and secure mcmner.

Critical requlremehfs are:

q)‘.

_‘posslble operaHonal conﬂguraﬂons. :

b)

_ as requlred,.b)'l station-keeping considerations. -

fhe ablllfy to set up the spacecraﬁ‘ Info any or all of lts

the ubl.llfyz to cdrrécfly posl_ﬂon (and re‘-poslt‘lon) the Spd_&é_zéraft .

. the provision of sufficient redundancy to allow at least-

o ;ésfrlcted performance ‘If certain key circults should fail,I o

' The command system should also provide, as far as possible,

profecflon against the followlng

A
g
W

lncorrecfly fransmlﬂ'ed communds

_.communds corrupfed by no!se

interfering carri_ers _

equipment fallures

gross operator errors.



2‘.2.2 -.

C'orrrma'nd Formats -

Three basic command methods are listed in NASA s Aerospcuce Data Systems

o

: Standards. These are:

the Tone Command System

:The commands are transmltted as an assembly of audlo fones in
B serlal time sequence. The l’requency and the order of the tones
ldenfll’y the particular command A second set of tones, lel"ering

- from the above, constitutes a unlque address, and this address

R ':precedes the actual command message.

o b) X the Tone Digital System

The possrble number of commands Is glven by MN where M is the

" number of tones in'a given command, and- N is the overall number of
 different tores. Some degree of profecﬂon is given by requlrmg that
" no tone be sounded more than once in a given command. In ‘this case -

..fl)e possible number of commands is given l)'y MI/NI.

o In this system, a digltal code constltutes fhe command the code 100%
' modulaflng a- carrier tone to: produce tone bursts.’ -The codlng uses

| » Pulse Duration Modulqtion, a digital "'I".being rep_resenfed-by a tone

burst lasting % bit period, and a diglfal "0" represented by a tone burst

* lasting % bn period

A complete tone dlgltal command comprises - a sync tone burst followed

by the command text (consisting ol" an address and the command) and

 thena blank lnterval

o tl\e PCM Command System

- This. system is used where high command capacity is required and is

Aprobably the most widely used command system. -




2.2.2

- Cémmqnd-Fofmafs »I(Conﬂnued) :

c) .

- Using only one tone, the tone digital system has the merit of simpl!cn‘y,

the PCM Command System (Conﬂnued)
Commands are coded in a PCM format, and the resulting binary

~ signal 'frequency shift keys' a sub-carrier oscillator between two

frequencies so that a "1" is répresen_féd by one frequency and a "0"

by the other. The cloék'vls_fransmitted as an amplitude modulation on

~ the sub-carrier.

The tone command system has the obvious disadvantage that each tone

‘requires a filter; thus for a medium capacity system, probably seven ..

or eight fones, requiring seven or eighf filters in the command decoder,

- would be required to provude sufficient address and command capabllify

‘but it can be shown that the use of Pulse Duration Modulaﬂon to

transmit "1" and "0"s entails a signal to nolse rqﬂo penalty of neorly

3 dB when compc:red with a FSK sysfem.

The PCM/FSK sysfem Is the most flexible‘, and is the fecomm'e‘nded
command format for the proposed U HF safél!if'e. ‘Thus, the. command -
link baseband would be as shown in Figure.2.2. |




!
. ' .
: ! :
: 1

i L

: P

: i

'x'“' “p" UxEcaTe ' - CERNGE TemE

Cmbapieiel e Bpose _ 3§Lif~:~g;~fl N 3




2.3

2.4 -

Command Link Security

Milifary usage o_Fa commonicaﬁons satellite system demands the Ih:ighesf
possibledegree_of command link security, in the sense of maximum.
protection against deliberate interference by an adversary. Many
sophisticated schemes or combinahons of schemes can be devised to provude
such immunity - spread specfrum transmission, frequency agile systems,
command encrypHon fechniques, and ete,  Much of the hardware in such

schemes is often governmenf furnished equlpmenf with both the hardware |

and the detailed system fechn_iques subject to the strictest military securi’ry.:

A high degree of command link protection can beprovided‘by a combination
of spacecraft antenna d|rechvﬁy (spof-beam) and the signal ‘'capture effect! ©-

exhibited by an FM receiver.  This tople s discussed in some derail in

' Appendix 3, which concludes fhaf a protection of apprommately 'IO dB can

be obtained in this manner (i.e., an interfering ground s'raHon |ocafed

outside the land boundaries of Canada would have to provide an up-—link

E.L.R.P. 10 dB higher than that provided by a suifably locafed Canadian

m||ifary ground control sfaﬂon)

Further command protection techniques remain to be studied, as the UHF

satellite and its Tracking, Telemetry and Command Sub-;sysfem concepts . -

.progress. -

‘Ranging

-_Dei'erminafion of spacecraft range is normally achievedby transmitting -

ranging tones from a ground station to the spacecraff which. refransmlfs fhe

tones back to ground vIa a i‘ransponder

Due"fo the ﬂnlfe velocify of fhe eleofromag‘neﬂ'c radiation, the received
tones undergo a phase delay with respect to the transmitted tones. This phase

shift Is a measure of the spacecraft range.




2.4

.Operaﬂon of the GRRR sysi'em !s at Frequenc!es In 'rhe VHF band und also
at 2 GHz ‘

'anging (Cb‘nﬂnued)

D'fglfal rdngihg fechhiques can.also be used to’ def_erm!ne‘mnge'.

A pseudo—réndom binary code modulates the up=link carrier, and is |
transponded by the _sbacecr'cff back to the ground station, where the
received rang!ng code is compared with a time sh!ﬁed code provided

by the ranging system, and thus round trip tHime for the code is

' deferml ned.

It Ts usual practice to use the Command System recelver and the Telefriei'ry ‘

Sysi'em fransmiﬂ'er as the ranging transponder. The NASA Goddard -
Range and Range Rate (GRRR) Sysfem requires a phase~coherent 'rransponder,

i. €., coherence of the up=link frequencies must be malnfolned fhrough the

_ f_ransponder_ and back to the groun_d receiver, where frequency comparison -

against a sample of the Qp—link‘ Fre;quency extracts, DUpplér in Formaﬁoh_, '

| thus giving range rdfe (spacecmff veloci'ry).

In the Tone ranglng system, range rate information can be extracted if. .

‘required by a process of differentiation of 'rhe"cdnﬂnuoué 'range" output.

‘Commercial spacecmﬁ operation favours the use oF tone- ranging, and suifable

facilmes exist at Cancdian ground stations..

_ A derivaﬂon of 'rhe Ranglng Sysfem link requiremenfs is presenfed in Append!x 2. .
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3.0

TT&C Antenna

There are four basic approaches to the problem depending on the choice of

frequency. The condition that the on station TT&C signal will be carried by
the main communication antenna is for the time being not considered, since"
it will only reduce the complex:fy of the TT&C antenna de5|gn '

'The function of the TT&C antenna is fo provide: scfelhfe to ground o

‘communication during the transfer orbit phase, the on station maneuversand -
. station keeping. For this reason, the anfenna pattern for the TT&C antenna

should have a "donut" shaped pattern around the apogee motor axis for the

transfer orbit phase and a hemispherical pattern pointing towards earth for -
the rest of the mission. The following discussions shall elaborate on the
types of antennas which will satisfy these needs and a soluflon for each of
the four approaches is analyzed :

The four approaches are based on the four preflxed Frequenmes of

i) VHF 130 MHz, i) UHF 400 MHz, iii) 486 GHz, cxnd iv) 12 & 14 GHz.

The selecfed TTC Anfennc is identical to the SATCON\ Scn‘elhfe Thls
antenna is the combination of a resonant biconical helix for the spinning
mode operation and an endfire resonant helix for the on station cardioid
pc:ffern opercmon ‘ .

_ This cm’renna is qunfe small for the 4/6 GHz band operahon and can be

mounted on top of the feed supporting tower, It remains unobstructed
during the spinning mode since-the folded reflector ribs do not reach that
height. After the satellite is in station, the endfire mode of the an’renna
is used, which remains mdependen’r of ofher anfenna Funchons

'Specnﬁcah on 2278136 a’rfached defines the defculed performance requnrements

of the SATCON\ anfennc
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1.0 SCOPE

This spe01flcatlon estab1lshoq the requlrements for
‘the performance, desiqgn, test and qualification of the Command ,
Ranging and Telemetry (CR&T) Omni Antenna., Two identical:
antennas are employed on the RCASatcom. spacecraft, one :
mounted c01nc1dent with the launch spin axis and the other
mounted parallel to the rotational axis of.the solar array (N-S).

2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect form a
part of this Spec1f1catlon to the text specified herein. 1In
the event of a conflict between this spec1flcatlon and any
referenced specification, this specification shall take
precedence. P ‘ :

RCA

2272349 Subcontfactor-?roduct Assurance
: Requirements‘Specification

2272351 .Subsystem Envxronmental Test
Specxflcatlon
2272680 RCA Satcom Interface Specification

3.0 REQUIREMENTS
3.1 Prerformance

3.1.1 Functional-

The CR&T Omni Antenna Subassembly comprises separate
colinearly-mounted antennas which transmit Telemetry signals
at 3.700.5 or 4,199.5 MHz and receive Command  and Ranging
signals at 6, 423 5 MHz. The radiation: patterns of these
antennas are toroidal about the colinear axis of the antennas _
with 3 db beamwidths of about 40 degrees. One. of the antennas,
identified as the Launch Omni, is mounted coincident with the
launch spin axis above the Communications Antenna System
feed-horn ausembly. "Another antenna, identified as the
Orbit Omni, is mounted parallel to the solar array rotational
axis (N-S) on a gupport between the N-E and N-W communications .
-reflectors. Both antennas are connected by coaxial. transmission
lines to the internally mounted CR&T equlpment located on the
North Panel.
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3.1.1.1 -Electrical _A

The electrlcal requlrements for the CR&T Antennas
are summarized in Table 1. ,

Tab;e T Frequency (+2 MHz)
Parameter I Terminal 1 . Terminal 2

‘ ' '3,700.5 MHz and o
4,199.5 MHz 6,423.5 MHz

3.1.1.1.1 .Pélarizatidn .~ Vertical | Horizontal
; (Parallel to Central] (Orthogonal to
Axis) . o - Central axis)
3.1.1.1.2 Axial Ratio | 30 @b Min | 30 db Min
between 81° ‘ ' ' - :
» and 99° _
3.1.1.1.3 Nominal 3 db | 40° SN B T
: : Beamwidth ( = 70° to 110°) |( = 70° to 110°
3.1.1.1.4 Minimum Gain | |
all ¢ ' o - .
= 90" _ 3.5 dbi | 3.5 dbi-
= 8l°to 99° 3.0 dbi. | 3.0 dbi
= 70°o 110° 0.5 dbi : 0.5 dbi
" 3.1.1.1.5 1Isolation 30 db {1 . 20db
~ between ) : s
Terminal 1 and
Terminal 2 |
3.1.1.1.6 VSWR : 1.5/1 Max 1 1.5/1 Max
3.1.1.1.7 Power 1 s watts min ] ~ N.A.
Sea Level to I o
Vacuum
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3.1.2 '~ Operability
3.1.2.1 Reliability-

, Each CR&T Omni Antei.: : shall have a:prob»
ablllty of survival of 0.990 for 38 t rars of orbital '
operation in the enV1ronnent spec1~ »d in Paragraph
3.3.2. S
3.1.2.2 Useful Life

| | The useful life shal’ -e the sum of the
mission life and shelf life. All . .cformance require-

ments shall be met over the life ¢ .he equipment.
3.1.2.2.1 Shelf Life

The unit shall be cah,.Le ‘of meeting the =
storage requirements of Para. 3.3. ¢ .ithout service or
parts replacement (except age sena;ubve items). In addi-

tion.the unit will be subjected to - maximum of'two months
of orbital mode operatlo (except rz:liation) during
ground testlng. ’ ’ : :

-3.1.2.2.2 ; Mission Life
The in-orbit mission _.fe of the unit shall

be a minimum of eight years. The .ait shall be capable
of continuous operation in orbit. S '
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3. 3 1 General Des:Lgn Features

The unit shall eomp'y with materlals, parts, process
and workmanshlp requlrements of RCA2272349..

3.3.1.1 Envelope

The unit shall comply w1th the envelope draW1ng
shown in Fig. 1. -

3.3.1.2 Weight

The maximum welght of the unlt ‘shall he less than
1.0 pounds. :

3.3.1.3 Material

The mater1al interfacing with the

. . 4

3.2  Interfaces

3.2.1 Mountlng _

N : ‘The unit shall be mounted by means of four screﬁs o
‘ . as shown in Fig. 1. : _ o : -
| A . 3.2.2 ‘Connectors _:.‘ . | »W»FA‘ | | o

n , " perminal 1 - SMA'Male o

1 K Terminal 2 - SMA Female - .~ - K - ;t
j | | 3. 3 Design and Constructlon - S S ,::

i

I

1

i

Id spacecraft support structures shall be alumlnum.

|

3.3.2. Environmental Requirements
3.3.2.1 General | |
The unlt shall be capable of’ w1thstand1ng ‘launch

and orbital environment as specxfled herein w1thout failure,
malfunction, or degradatlon in performance.

——

ettt et
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3.3.2.2 i Pressure

The unit shall be capahle of performing

within specification requirements at ail ambient pressures. .

from sea level to deep space'(‘O Torr) .

3.3.2.3 Thermal

3) Orbit Thermal Envifdnment’— »The)unit

shall operate within specification from - 80°C to 50°C.

- b)) Thermal Vacuum - The unit shall be
capable of meeting the specified performance after ex-
posure to the_thermal vacuum profile dellneated in RCA

- 2272351.

3.3.2.4 Vibration .

The unit shall be capable of meeting all
specification performance requirements after exposure to
the vibration environment SpeCLIled in RCA 2272351 for _
the protoflight and fllght unit

3;3.2;5 Radlatlon

_ The unit shall meet all spec1f1catlon per-
formance requirements while exposed to the space radiation

‘environment. The design requirements for the radiation

environment will be satisfied by worst case performance
analysis based upon the exposure levels specified 1n _RCA
2272680, RCA Satcom Interface Spec1f1cat10n. B :

3.3.3 _ Storage

The unit shall be capable of belng stored

for a maximim of 5 years in a suitable protective container

under controlled condltlons of humidity and temperature .
(30 to 50% R.H. and 72 f50F), "age sensitive parts,

materials, and components shall be subject to special

identification and controls (these are to be treated in:
the Quality Assurance Plan). During the storage period,

‘the assembly may be subjected to .intermittent or ‘continuous

tests of a non-destruct1Ve character.
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3.4 Identification and Marking

3.4.1 Identification

- The unit shall be Ldentlfied with the part number and
serial number in accordance with RCA2272349.

3.4.2 Terminals

~The termlnals shall be ldentlfled as 1nd1cated
in Table .l and Fig. 1. '

4.0 QUALI'I‘Y ASSURANCE PROVISIONS
4.1 Testlng

The units shall be tested for. CompllanCP w1th the perfor—
mance requlrements as shown in Table II.

‘ Table IT
T — F T
Paragraph ‘ Parameter ~ Proto Flight A Post
_ . ‘ : B | Environmental|
3.1.1.1.2 . ‘Axial Ratio X X X
3.1.1.1.3 i . Beamwidth | X | - -
3.1.1.1.4 - Minimum Gain X X -
3.1.1.1.5 " Isolation X X -
3.1.1.1.6 . VSWR X X X
3.1.1.1.7 ~ Power X - -
3.3.2.1 . Temperature*‘ X X -
3.3.2.2 Vibration** X x | -
* The unit shall be LYClEd 4 times from - 80°C to +50 c
while monltorlng VSWR. : .
¥ The VSWR shall be monltored durlng vxbratlon testlng,

U 5.0 ' PREPARATION FOR DELIVERY

o Preparatlon for dellvery shall be in accordance
- with ‘RCA 2272349. :
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4.0 Suggested Commdnd, Rﬁnging and Telemetry Subsystem

Operating frequency

_ The optimum choice of opemfingvfrequency for the CR & T subsystem of the

UHF/SHF Satellite would appear to be 4/6 GHz,. From'fhe Foll:owing considerations:

1.

VHF/UHF operation is considered impractical because NASA's launch

support operations at these frequencies are being phased out by the late
170's.” In addition, band occupancy is Very h.igh at these frequencies,

generating Interference pierblems. Little protection against interf“erlng‘
signals (either delibercli-e or unintentional) can be provided by antenna

directivity.

European launch support facilities at VHF.are. available, but the sfdﬂon.

locations are intended primarily for polar orbits, and are thus not recllly~

sulted to control equatorial orbit operations.

S-band (2 GHz) is also ﬁof-sdl\fcble, as frequency _c:séignmenrs. (North |

America) in this band are normally for scie_nfmc or experimental spacecraft.

it ls'uhlikely that an assignment would be availab’le for an 8 year lifetime.

operational satellite, except possibly for launch (and subsequent back-up)
use only, This would require two different RF systems, and. fhe "dead-weighi-"

penalty eliminates this from further considerations.

12/14 GHz may be considered to be reasonably pracﬂcal especially for fhe

~ case ‘where the communicaﬂons sub-system operafes at the same Frequency

Use may then be made,» for example, of the communicaﬂons antenna gain and

_ directivity. .



3. (Continued)

However, there are some negative aspects:-

o Aval_ldblllfy of space—quallfie%l RF units

o -.H'igh,pcl.fh loss :

o Lack of cbmpréhensive World wiae" chilIHes‘ fo»su’p‘porf ‘IdUnch_
o Probably.more expensf\}e gréund.sfafion' eAqupmenf

° The spacecraft T'i' &C wéuld provbablyvrequire. a s_l:g'nlfl.cén‘f

hardware interface with the Com.mU'nlc;ations subsy#fem (use of

spare TWT, anfenna; multiplexers, efc..:) \.This sub-system inter-
dependence is a definite disadva n-fage-"ln the design, Implementation
and testing phases, and possibly also n operation during an 8 year

" mission,

One advantage of a 12/14 GHz system is that the ability to provide ‘command
link protection by antenna directivity is enhanced, forthe same spacecraft

antenna dish size, as compared with a 4/6 GHz system.

From the above considerations, it is therefore concluded i"hafi’fhe opérdﬂng Frequency
of the CR & T subsystem should be 4/6 GHz, for bofh the UHF 4/6 and UHF /12/14

verstons of the Communications package

Adequate felemefry cmd command margin can be obtained using “small, uncomplicated

omni-antennasfor bofh launch and on-sfcﬂ'lon operation., -




Block Diagram

The proposed block diagram for a 6/4 GHz CR & T subsysfem is shown in
Figure 4.\,

U:plink‘

Two omni-directional antennas >p'rovi de uplink command capability for all
angles of spacecraft aﬁifude.i The launch antenna provides the cove‘rage
required during the transfer orbit whilst the orbit antenna providee coverage
wheﬁ the spacecraft is on station. These omni-directional antennas are
coupled to fhe. receivers via two 4-port .qu_adrdfure hybrids,  The spot beam
antenna is coupled to the recelver via port of one of the quadrature hybrids

as shown in the block diagram,

Each of the omni-directional antennas consists of two separate antennas, one
ai the uplink frequency of 6 GHz, the other at the down link Frequency of
4 GHz. This configuration gives approxnma’rely 40 dB of Isolaﬂon between :

the transmit Frequency and the receive FrequenCy

The uplink frequency is verffcally ﬁolarised and i‘he nominal flux density af
the spacecraft Is -80 dBw/m2,  This translates to a signal power at the antenna
port of ~117.7 dBw, as shown below: | : |
The receiving area of an Isotropic antenna is given by
A = N

_ 4T

At a recelve Frequency"qf 6.4 GHz
N o= 2K X-(__G?‘?s = 0.0469

————-—-—(Qf‘frr”) 1T X 1074
~37.69 dB below 1m?

it

AR

0

It

-80 -37.69
117.69  dBw

Antenna power

]




' The losses between the antenna and the recelver would be made up as

follows: -

Cuble loss 2.5

3dB Hybrid 3.5 dB
| 6.0 dB
the power at the recelver terminals is -117 + 6 = -123.7 dBw

The command receivers operufe-fn ct@:five redundancy with power applied at all
times. . ' | o -

FM has been chosen for the uplink modulation because It provides_,”fhe greatest
protection from interfering signals. An analysis showing the expected protection
provided by a typical F-M recelver coupled to the receive antenna system is |

shown in Appendix 3.

The signal Interface Betwgen the receiver and decoder is the demo_dulated

FSK tones.

The recommerded interface between the uplink and the spacecraft is the command
output of the decoder. The command onput consists of fhe required number of
command channels. Each commend channel provides a command oufput pulse on

recelpt of an execute pulse,

The uplink will ulmost cerfuinly be encrypfed in which case a decrypﬂon Unlt

will Follow the decoder.




Downlink

The enéodermonl_fors spacecrdﬁ data In the form of analog channels ﬁnd
flags and e_ncodes_thesé onto a sub-carrier oscillator., PAM has been
chosen over PCM because It provides:
adequate accuracy
s simpler than PCM
~and is compatible with present ground stations

Real time data is also encoded onto a sub-carrier oscillator.

The encoder output conslsts of two sub-carrier oscillators ,A elther of which rﬁay
be selected to phase modulate either transmitter. The deviation chosen ensures
that there is alwdys an ade.quaf'e residual carrfer for tracking. The transmitters
operate in s'randby_reduhdancy'qnd may be éoupied tol either antenna via a -

transfer switch.

Two downlink frequencies have been chosen, one at 3.7 GHz, f_he o’rher; at

4.2 GHz. This gives the advantage of being able to transmit simultaneously
using both transmitters. With both transmitters on slmulfaneously at the same:
nominal frequency, the ground sfaﬂon recelver is unable to discriminate between
the two frequencies which would have a small fintre frequency separation. An
al'rernaf_lve is to phase~lock both transmitteis to the same drive source. Thiys would, -

however, remove the redundancy between ’rrcmsmiHers.

Powerlng both transmitters, one at 3.7 GHz and the other at 4 2 GHz during the
fransfer orblf gives almost complefe ground coverage regardless oF the spacecraﬁ

aHifude .

The: power. output of each transmitter is 1 ‘wctﬂ.': Assuming a 2 dB coaxial switch

and cable loss,: this provides an EIRP of -2 dBw from the omni-antennas.

The power output of the transmitter can be reduced to 0.1 watts on station if the

communications antenna is used.
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- 5.0

5.1

5.1.1

SYSTEM PARAMETERS

RF Link Reﬂulremenfs

Telemefry/ Beacon Link

The signal-noise ratio requirements Fbr the varlous baseband signals
modulated on to the down link carrler are derlved as shown in Appendices

2, 4 and 5, and summarized as below:

SIGNAL _5/NdB Bandwidih Hz  5/No dB/Fz
.‘Telemefry 23 2600 Hz - 50.7
Sensor Data - 16.3 4800 Hz ~ :  46.8
Range Tone 1 35 A ‘ 3B
2 35 S 35
3 35 | . 35
4 35 : - 835,

The above tabulation is based on the fol‘low'ihg assumptions:- -

1. Telemetry accuracy required is + 2. 5% of full scale

2.. Angle accuracy (sensor data) is 0. 025° R.M.S.

3.  Ranglng accuracy better than + 50 metres for the 27 kHz tone.

We will assume that only one of the range tones is presenf‘d‘f any given time (the
fine resolution tone or one of the three ambiguity resolution tones). »

Further, to limlt spacecraft transmitter power, we will allow the down-link to

‘ cohfﬂbufe_?O% of the total noise.

~ Thus, S/No fotal) = 35 dB
 $/No (up) = 4548
" and S/No (down) = 35, 5 dB

- To simplify the upporﬂonmenf of fhe total downlink deviaﬂon to fhe basebond

signals, we will round off to 5'| 'dB, the S/No requirement for the two SCO signals

~ Also, since we are proposing a-dual frequency down link, we can propose that

only one SCO frequency be used - Transmitter A'curryi'nngele'rﬁefry data on its
SCO, and Trqnsfnftfer B carrying Sensor data on its SCO. .




Thus, modulating d'fmnsmlrter, we have one sign'ai at S/No 51 dB and one
at 5/No 35.5 dB. - | | |

The recoverable power in the st order sidebands of the nth sinewave

subcarrier s ‘ n~
- 2 1% ) T do2Ga)e Po
P = » J62 (xn) i=1 ‘ : » ' tereenee (1)

zero order Besse! function .

M

where Jo. (x)

J]' x) = first order Bessel function
Xn = phase deviation of the nth sinusoidal sub-carrier
X = phase deviation of the i th sinusoidal sbb—cdrri_éi-'

The power rematning In the carrier after modulation by. n sinusoidal sub-carrier is

,L 2 \
P, = Po 77 Joo (i)
_ - 1 ‘

Let us now define 'modulation loss' as the ratio of the unmodulated carrier power

to the recoverable power in the 1st order sidebands'of the nth subcarrier.

_ Po
I.ec, ML - Pn .
A
- N YA . : . -
Mol = 2 Jy% (xn) 7_7 Jo2 (xi) Ceedeaees

We have one sub-cartler requiring an S/No of 51 dB and 'one‘fe-qUir_ing: an S/No
of 35.5 dB. - Let the required deviation for the first signal be x4 and that for the

second be 'xb.




Thus, from eqoofion 'l,

- o o
20y ) 2 (xq) VJA'oz(xb) Po

o r _ o Jo
1st order sideband power for tone af xgy deviation _ Jo2 (xa)
¥ " f n o no d I 'H 2 oo : ’
]5. ; : : B *p deviation ______2“ (xb) Jo2 (xb) Jo2 (xa) Po
= 51 - 35.5dB
Noa) L e L s cereaeeena()
Jo2 (xa) J02 Gb) ‘- ~ -

| Thus, for any value of xq, there is a corresponding value for X}, wh|ch sets fhe

power ratios as required. We can now tabulate values for xq, and i'he corresponding

values for xp,, Mpa and Mpb, and choose the optimum values, for mlnimum modulation

| loss consistent with the lirnir imposed on the maximum down link deviation, by the

requirements of the ground receiver.

From Table 1 , the minimum modulation loss occurs for values Xg and x}, which

produce a peak phase deviation of about 2.2 radians. To sumplify the ground receiver,

~ we shall use a moximum down link deviation of, say, 1.4 rodions,

-rhus, ‘we choose Xg = 1,12 = My, = -3.55dB
xp = 023 = My, = -18.87dB




- TABLE 1

= e e & & & e

Xq 2J12(xd)_ N Joz(xb) . AALd Xp - ‘2J12be) | Joz(xq) Mg
8 - -5.65 0.05 -5.7  0.15  -19.5 S -1.45 0 -20.95
88 -4.98 0.065 -5.045 0.165 -18.7 77 2047
9%  -4.39 -0.075  -4.465 0.185 -17.8 22,13 -19.93
04  -3.87 20.00  -3.96 0.2 -17.0 2.53  -19.53
12 -3.43 20,12 -3.55 0.23 -15.9 -2.97 . -18.87
22 -2.95 =014 -3.09 0.25. -15 -3.59  -18.59
30 -2.64 =017 -2.81  0.28 -14.15 45 -18.3
50 2,06 0.2 -2.26  0.36  -12.03 5.82 - -17.85
70 -175 0.5 -2.25  0.47 9.8 8.00 -17.8
0 L7 -4 337 ' 13,0 -18.7

0.79

-5.7



Transmitfer Power Calculation

We requlre S

51 dB af the ground recelver output.. - .

No
But .. S = recelved carrler, C - modulation loss MLq
= C - 3.5
& Nd. = kT . V.where- _ |
MLd: = 3.55dB for - g = 'I.V'|.2 rads
K = . Boltzmann's constant
= 138 1073
T = ground staﬂon

recelving noise femperai'ure

Hence C 5'| + 'IO log kT + 3.55

But recelved carrier C = E.I.R.P. from spacecraﬁ' pai'h Ioss LP + ground ani’enna gain G

=EIRP_—L+G

‘Typlcal parameters, for say an Intelsat type station

. = 1967

G, = 50.4dB,

T = 100°K
KT = -208, 6 dBw/Hz ~

E.L.R.P. required = 51 - 208.6 + 3.55 + 196.7 - 50.4

~7.75 dBw

It is reasonable to assume a gain of 0 dB from the pmnidireéﬂon_dl ‘TT/C antenna -

(see Section 3 ).

Diplexfng and cable losses between the transmitter and antenna will be typtcally

2 dB, say. Thus, to produc;e an EIRP of -7.75 dBw, the transmitter power must be

~7.75 - 0 + 2dBw
-5.75 dBw
266 MW

PT‘

11




Transmitter Power Calculdation

Power oufput in rhe 500 mW - 3W range are practical , and obfalnable in

existing versions.

Thus, with say a 1 watt transmliter, the telemetry downlink would have a

margin of 6 dB,

Trar:klng Carrier Level -

The power remalning in the carrler after modulation by the rwo‘sigr"\ol_s at

1.12 rads and 0,23 rads is given by

= Po JoZ (1.12) Jo2 (0.23)

feo,  Pa o 597 4 0.12
= -3.09 dB

- received carrler level = —7 25 - 196 7 + ‘50 4 - :3 09 = =156.64 dBw

If the tracking staﬂon noise temperature is 100°K, the sysfem noise densify
No = =~208,6 dBw/Hz

Nolse power In | ‘ 3 kHz bW . 300 Hz -

- .-173.8dBw. -183.82
Received carrier power -156.64 dBw . - -156.64

C/N raiio for rracking | 1 20.16 dB ‘ 277

Since the ground receiver loop requires a minimum of 6 dB C/N for acqutsmOn,

there is adequate margin for l'racking.




5.1.2

" Command Link

~ The deviations required for the command tones and the ranging tone

are derived in Appendix 4, on the assumption that an error rate of

1 in 10% or more should be provided down to a carrier o nolse ratio

‘of 5 dB at the receiver fnput, -

* Recelver Carrier Power at the Recelver -

PR = PAG +Gp-Ly - Lg e
where »
P, = ground transmitter power
Cr. = fransmit antenna gain
Gr = receive antenna gain
‘Lp‘ = path loss
Ly = atmospherie loss

.Equivalent nolse power at the receiver input

P, = kTBF o ~where k = Boltzmann's constant = 1.38 ,10"_23
= -137.8 dBw ’ T = Absolute temperature = 300°k
' " B = Receiver nolse S
- “bandwidth = 400 kHz -
F =

noise figure = 10 dB typical

 We can now determine the ground station E.1.R.P. which is required to

produce a C/N of 5 dB at the recelver

We‘require_ PR = PN + 5

| = -132.8 dBw
and from (1) = P+ G+ Gr-Llp - Ly
But P, + G, .- = E.L.R.P. required '

required E.I.R.P. = Pp - Gp + Ly + Ly




5.1.2

" Command Link (Cont.)

We shall assume, to be realistic, that GR =0 dB, and a cabling and
hybrid loss of 6 dB between the antenna and receiver |

Path and atmospheric: losses are as derived in Apperdix 4.

Thus, E.l.R.P.= ~~132.8 - 0 + 6 -+ 200.7 + 1 dBw

=  +74.9 dBw.-

If wé now .add an operating margin 'oFA5 dB (producing a C/N of 10 dB

at the receiver), the ground statfon E. l.R.P. requirement becomes

+80.9 dBw.



~ PROPOSED SUB-SYSTEM PERFORMANCE PARAMETERS

GENERAL

COMMAND

\

Operai'ing Frequency, Command 6 GHz

TeIemefry/Beacon 4 GHz

Carrler Modulation, = Command . FM

PCM/FSK/FM: (35 k.Hz D-eviaHon of 6 GHz) -

FSK Tones 2 groups of 3 Frequencies_

(1, 0 & Execute), 5 -12kHz
Telemetry/Beacon PM .
» ‘ . . i Command Capacity '256
Ranging .~ 4Tone CW , , :
| Range Tone Frequencies 27 kHz, 4 kHz,
280 Hz, 35 Hz
R_eclunclancy : ~ All Units Redundant
RANGING  TELEMETRY

FDM/FM Uplink (8.3 kHz Deviation of 6 GHz)
FDM/PM Downlink (0.25 Rads Deviatlon of 4 Gz
The Three Low Frequency Ambiguify Resolution

tones are fransmitted as sidebands of a 19-kHz
Subcarrier Tone :

PAM/FM/PM (1 »12 Rads Deviation of 4 GHz)
256 Poi‘nf Capacity, 2.5% accuracy

IRIG Sub~Carrier Carrles eii'her Telemefry
or ‘Attitude Sensor Data’ V




INTERFACES

6.0




6.0

6.1

6-2

6.3

6.4

~

INTERFACES

Power Sub-system

The principle of having a 'raw common,supply rall within the spacecraft,

 with 'eqclﬁ unit containing its own converter/regulator, Is proposed as the

optimum approach This method minimizes the lnferdcfion between the
Power and the TT &C Subsystems during the spec!ficaﬂon and development

phases of the project, and also minimizes the unii‘ EMC problems. It also

precludes a major single point fatlure.

Typfoally, therefore, each powered.unif of the TT&C su'bsysfem would.
be 'designed to operdte from a supply rail of, say,,24 - 35 volts, and wouid
contaln Internal regulation and EMC provisions ;us required by that particular

unit,

Command Interfaces:

All command instructions to the spaoecraﬁ are in the form of logic level

pulses at the command decoder oufput lines. Pulse width is appfoximafely

35 mS “and amplitude 5V.

Telemetry Interfaces

Each analog channel provides an Inpuf Impedcmce > ™ JL ’ cmd

' uccommodufes an Inpuf range of 0 - 5V. Flags are uccommoduted by encoding '

- 3 Flags (at a time) Ih_to an 8-level voltage, and treating this as an q'ﬁalog point,

Command and Telemetry Requirements of the TT & C Subsystem

For monitoring and control of the TT & C Subsysfem, fhe Following Command

and. Telemetry polnfs wIIl be fypicctlly required




6.3.1

6.3.2

6.5

4y
5

. Command -
;6) Select Tx - Antenna.combi'naﬂon 1
2)  Select Tx - Ahfénnq‘_ combination 2
3) Telemetr'y,_ dwe", Encoder A »
Step cO.mmand-, commutator, KEncher' A
'Telemétry, dwell, Encoder B
6)  Step command, commufch‘or,‘. Encoder B -
7)‘ ~ Telemetry, _cbmmufqtgd,. Enco'der;A»
é) Telemetry, commutated, Encoder B
- i
‘Telemetry
~ Sync | o _’ 5.anclogv points
Amp. calibration - o 2’an_avlog p.bints_
, ComMand'vérIFicctfon- 6 analog-points
Monitor received o ) h :
signal (AGC) 2 analog points
~Temperature Tx 1 | - 1analog point
.’ Temperature Tx 2 o ’angzlog .poﬁitnt ,

Position mohitor, . "
RF switch - - - 1 Flag

Communications Subsystem

A single RF interface is proposed, via the output multiplexer, to enable

the reception of command transmissions via the communications spot beam

antenna,




(
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7.0 GROUND STATION REQUIREMENTS -



. 7’0 .

GROUND STATION REQUIREMENTS
For operational use, the TT & C grouncl station for the UHF Satellite will be -

-requlred to provide the up and down link RF parameters as derivecl elsewhere

In this report, ancl summarlzecl below.

RF Parameters

_Uplink
Frequency =~ 6 GHz band - o
E.l.R.P, - +81 dBw, at single. frequency
Carrter Modulation FM '
Do'wnl—lin.k
'Fre_quency _ 4 GHz bend L
- - Recelving Sy}stem -G 30  dB/K

T

Cafrler.Demoelulation " PM

Since dedicated facillties are _obviouely requlre'cl, the use of existing

Canadian ground stations, e.g., Allan Park Ontarlo, Lake Cowichan, B.C.,

" -and Communications Research Centre,. requlres the provision of new anfennas

~ and ground equipmenf at those sites.

As shown elsewhere, the use of a spot beam antenna for command reception

- af the spacecraft gives a. very worthwhile degree of cemmancl link immunity to |

- interfering signals, ancl itis fherefore clesirable to conslcler a geographical

location for the TT & C confrol si'aﬂon which fukes maximum advantage of

this feature. This location may also fortuitously fit ln wlth the requirements

~ of any proposed military or commercial communicaﬂohs ground station network.

For launch and posiﬁoning operations, use may be macle of suifqbly Iocatecl
4/6 GHz ground station faclllﬁes of Intelsat to provicle iniﬂal fracklng and
orbit determination. Flring of . the apogee and station acquisiﬁon coulcl be

controlled from the UHF Satellite main TT & C Station.



i
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APPENDIX |  GROUND STATION PARAMETERS




NASA STDN -

VHF Station typical parameters.

" Command

" Frequency . 147 - 155 MHz
Antenna gain = 17 dB°
Beamwidth 130

Tx power output - 200W

25000
5000W
Tglemetrz
" Fréquency 136 - 138
'Antehna'gaiﬁ - 20 dB 21 dB
Beamwidth  -15° - = 139

'::Receiving noise figure 3,5 dB



Tracking Telemetry & Command Antenna (TTAC)‘

Telesat Ground Station parameters  4/6.GHz

. » L P
Used during transfer orbit, and prior to the arrival of a

‘Satellite. on Station., =

Reflector diameter o 36~feet (11 m).
“Antenna gain o 51 dB'at 4 GHz

» .. | 5445 dﬁ'at 5-GHZ
G/T  28dB/°C at e |

EIRP o 85 dBW at 6 ‘GHz

Telemetry & Command Antenna (for ANIK 2)3(Anik 1 uses HR.bn station) (TAGC2)

Reflectof diameter © 26,5 ft.
Antenna gain 48, dB at 4 GHz -
51 dB at 6 GHz.

¢/T . 20.5°4B/°K at 4 GHz . EIRP 76 dBW

Transportable Tracking Station (Guam)

_ Reflector‘diameter , 24 ft,
G/T 28 dB/°K V(witﬁ.cooled parametric amplifier)
EIRP 85 dBW at 6 GHz, ‘



INTELSAT-
The INTELSAT .TT:& C,grpﬁnd‘station network includes étations“
at Carnarvaﬂand Fuéino; Italy. Tﬁis éystem also‘oper;te341n
fhe'h GH;/6 GHz region,‘with typical ground-station paraﬁeters

‘as listed below.s.'

' Telemetry 4 GHz .~ Command 6 GHz
_Antenné gain 51.4_dB 1 Antenﬁa gain Kv_5§.8 dE'
| féeder 10ss_2 dB o fee&ertloss" -2 dBi
NoiséfTempé:aturé‘loookv' VTransmit power +40 dBW
%304 s S E.I.R.P. - 92.8 aBv



Globecom (Satcom) parameters . 4/6 GHz,

Uses Intelsét:Station (s) for tracking, lst transfer orbit

Down link B - Up-link

G 51,4 .dB loss 2 dB . Tx. +40 dBW .loss 2 dB
T 100°K - Ant. gain . 54,8 dB

- 150.3 dBW recelved signal EIRP . 92.8 dBW

T 30.4 a8

Globecom’ EastAAWest Coast USA Command Stations

G 50.4-dB 2 dB loss . " Tx +34.8 dBW 2 dB loss
Rx Signal - 151.3 dBW - Ant. gain 54,1 dB

T  80%K | ~ EIRP +86.9 dBW

G _

: Spaéegfaft'EIRP_—ldBW



RANGING
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RANGING

Determinuﬂon of spucecroft range 1s normally achieved by frqnsmitﬂng
ranging tones from a ground station to fhe qucecraﬁ whrch retrcmsmlts fhe

tones back fo ground via a transponder.

Due to the fi nllte_' veloclty of the electromagnetic radiation , the recelved

tones undergo a phase delay with respect l'o the transmitted tones. = This phase

shift is a measure of the spacecraft range., -

Digital rclnging techniques can 1 also be used to defermlne range A pseudo; )
random binqry code modulates the up-link currier, and s transponded by the
spacecrdﬂ“ back to the ground sfaﬂon, where the received ranging code is
compqred with a time shifted code provided by the mnglng sysfem, and fhus

round trip Hme for the code is determined

It s usual pracflce to use the Command System recelver and the Telemefry System

_fransmiﬁer as the ranging trunsponder.' The 'NASA Godddrd Rdnge and Range

Rate (GRRR) Sysfem requires a phuse-coherenf transponder,. 1.e.; coherence of
the up-link frequencies must be maintained through the transponder and back to
the ground receiver, where frequency oompqrison qgainsi‘ a sclmple of the up-link

frequency exfrclcl's DOppIer Informaﬂon, thus giving runge rate (spclcecrqﬁ' veIocHy)

Operation of the GRRR system Is at freque‘noie;; in the VHF band, ‘and also at 2 GHz. |

“In the Tone ranging system, range rate information can be exfructed if requIred

by a process of differentiation of the continuous 'range’ output Commerciul A
spacecrdft operation favours fhe use of tone rqnglng, and sultuble fucili’ries exist at

Cunudlun ground sfdﬂons. |



RANGING (Continued)

The accuracy of the range measurement obvt_ouély.depends on the accorooy
with which the phase shift can be determined. If the phase measurement

accuracy Is Independent of Fréquency, then fhe ranging acoumcy is better

~at higher Frequencles, since a glven phase uncerfolnty corresponds toa

shorter ﬁme uncerfoini'y, I.e., a smaller range unceri'ulnfy.

Let us assume we wlsh to measure the spocecruﬁ' range wh‘h an accuracy oF

say, + 100 metres.
The 'following'gfocfofs establish the limits of accuracy:

1) uncerfuinfy in the measyrement oF ph.use
2) . unceri'uini'y oF delay time in the ground equlpment
3) uncer’rolnty in the furn-round' Hme fhrough fhe spocecroﬁ frcmsponder. :

4) ‘nolse Introduced in the up and down"nks. ,

'~ The first two of fhese factors are ‘contributed by the ground equipmenf and in any

case, the second can probably be eliminated by calibration.

Let us asslgn 75% of the total perlnlsslble uncertainty to the spacecraft portion
of the system. (I.e., factors 3) and 4) are allowed to contribute + 75 metres of

| uncertointy), and the remulnlng 25% to the phase measurement occurocy. Thus, we

"can perform. sumple colculoﬂons as to fhe confribuﬂon of the various factors.



RANGING (Continued) -

1) If we assume that phase measurement accuracy Is 2°, i'hen the lowest
- range tone frequency that will provide the required + + 25 meh'es '
accuracy can be determined. '
'-a

- We have A7 = é-t-— X C (ﬂie“facfbr? allows for the fact that the

? range tone travels the same puﬂi twice -
up—link and down=link)
where A\ R = range uncerl'ulnfy

A Po= time pncertalnty -
. C = veloclty of e'ectrohagneﬂc radlation

= | 3 X 108 metres/second - -

Ag - L X € rercivencnnenn(D)

wheré Ag

1§

phdse uncertainty .

f = range tone frequency -

A 1 o
F.= 30 24y - C
2 1 38 108
W B 7T

It

33,3 kHz

f——————— .

A plot of equaﬂon ] with range tone Frequency as the variable ~

parameter, s shown in- Flgure 3 .



3)

As prevlously stated, this confrlbuﬂon Is assumed to be sub[ecf

to cqlibraﬂon.

- The turn-around time through the ranging tmnspondér can be calibrated

before launch. However, during the life of the spacecraft, fHere.wAlll

‘be slight variations due to ferﬁperature, equipment, aging, etc,

If the varlation Is A t, 'i'n seconds, then the 're;ulfing range

uncertalnty Is At XC. , l.e., 0.15 metres/nS.

-2
A reasonable allowance for delay variation over the misston lifetime

Is possibly £100 nS.

This would correspond to a range unceﬁqlnfy of + 15 metres, |

This leaves + 60 metres as fhe permIssible uncerfqlnfy contributed
by nolse, and we may determine fhe requlred slgnql-fo—nolse ratio a as

fol |ows

Let. A ﬂ be the total RMS noise devlaﬂon in rqdians (up and down

Tink). _
Then fhe slgnal—l'o-nolse power rdﬂo
ary)y

»'Z|ih,

IF the peak nolse deviaﬂon is K A Q', fhe range error Infroduced is
Ag-KAB y €y 1
R 5 X %Xz .

KC_ —_1- . l . 1 .0;0010050-00 (2) .

A F {2 SN |
For noise of Gausslan distribution, we rhay take the 30— value for K,
i e., 99.75% probabll!fy that the peak nolse is less than or equal to 3 A 4.
Thus, for a range tone at 33, 3 kHz the required S/N from «eqn 21s:

sooexc 1
N 18X T 2 7 7 AR?




4) - (Continved)

9x 1016 ‘ 9
712 33.332 106 2 3600 -6

= 28dB

| Equation 2 is plotted with f as a param'et_er., in Figure 2




Ambiguify Resoluﬂon

" For a tone of frequency f, a phase dlfference of A "] radlans befween senf

and received tornes corresponds to a range of

Ag 1 C
M F 2 ‘ |
If the range 1s such that A @ > 277, then there Is range amblgulty at

“Intervals of \/2 Obvlously, to ensure complefe freedom from amblgulfy, ~

the frequency must be such that the mcxlmum range ls

21 C “’rf ' f~_ C
T F 7 Cer iy

For.an orbit hav!ng an apogee of approxlmafely 22 300 nauflcal mIles, this
Frequency Is about 3.6 Hz. - T

However, much Is known ahout the orblt quite early In the orbital manoeuvers,

and much of the amblgulfy Is effechely eliminated If the range Is known to
within, say, 10, 000 km, fhen the lowest frequency wh!ch Is required to resolve fh!s
amblgulfy Is- ' '

-
|

3 x 108 /10x10% x2

Since the phase measurement accuracy Is essentlally Independent of range tone

frequency, the range uncerfdinfy from the low frequency measurement can exceed -

the cmblgulfy Interval of the high frequency measurement, and it Is necessary to-

Infroduce a third and fourth fone to overcome this.

The frequency ratio between the tones must be chosen such that the total error

- due to nolse and phase measurement accuracy at one tone frequency, Is less than

the ambligulty interval at the next frequency. Let us set the |I.mlf_qs. half of the -

interval. Thus,'fronn equations 1). dnd ,2)“'we have

o A 1 C 1 1. 1 1 C
Range—error at fy Is F7— 5 + (2 .7.N) _—

2 7F 217 7 1

from w'hIcH

2 Y\Ag ¥ 3 " J< \,.,......:(3)



* This equation is plotted in ngure - Yy, which assumes that D ag,

‘the phase measurement- accuracy is 2°,

If the frequéndy ratio Is r, then we have

N

s fmax.
fmin
fnax = = range tone frequency giving required range accuracy
fnln L= lowest tbné frequency p_ro\)!dlng desired arﬁbigulty- resolutldn.‘
N = number of tone intervals at ratlo r.




' phase shift.

Ranging

The low frequency tones required for cmb!guli‘y resoluﬂon are normally

_ not fransmlﬂ'ed ar thelr actyal frequency, since they would be so close to

the carrier as to cause possible problems at the ground recelver. Normal

_ pracflce is to translate them to a higher frequency for fransm!sslon as for

example by mixing the low Frequency tone with one of higher Frequency,

- and Fransmimng the’ Iow frequency tone as Fhe upper sldeband from the mixing

actlon

If it is required to transmit the tones at their actual frequency, then the
baseband circuitry in both the command recelver and the felemefry |

fransmitter must be capcble oF handllng the low Frequency wlfhoui‘ excesslve e

Depending on Fhe lowest Frequency, this conslderd‘lon may - Impose some penalty

on fhe equipmenf design o
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APPENDIX 11l FM COMMAND LINK INTERFACE



Interference level handling capability of the C'orﬁm_und'Link»-A

The elements forming the command link ares~

Antenna
: ‘Recelver

Recelver ‘
The recelver Is most sensitive to Interference that falls: Inslde the -
Intermediate frequency (I.F.) bandwidth. The typical.characteristics
of an F.M. recelver which uses a limiter ahead of a frequency ‘
demodulator is shown in Figure 1. This graph shows the "capture effect"
of an F-M demodulator. When the amplitude of the desired signal exceeds
the interfering signal, then' the interfering signal is suppressed.. However, -
when the amplitude of the Interfering signal exceeds the desired s!gncnl then the
desired signal is suppressed. . . , ‘

Typlcal interference suppression characteristics when the signal exceeds the
interference Is shown In Figure 2. This shows that an F~M recelver gives
very good protection against Interference prov!ded fhcﬂ' the desired signal
exceeds the interference by 3 dB or more.

The sensiHva of the recelver to image signals and spurious responses will
typically be 60 dB below the desired signal. Assuming a desired signal -
strength of -90 dBm, this gives a required recelver input of -30 dBm, ‘
Also a typlcal Input required to produce 1 dB.of recelver desensIHsaHon due
to out of band signals wI|| be -20 dBm.

Therefore, providing that Inband Inferfering stgnals are always at |easf 3 dB
below the desI‘red signal, an interference free ‘command IInk will be
malnta!ned - :

Antennas

During transfer orbii‘ the omnl directional antenna is used and clecn'ly fhere Is
no protection against signals from oufside continental North Amer!ca. :

It is possible to use the communications antenna. when the spacecmﬂ' is on
statfon. However, the protection afforded to signals oufslde of North America
Is practically zero, as shown in'Figure 3.

A separate high gain dIrecﬂonaI antenna could be used. The beam wldth For
parabolic antennas from 1' to 10' is shown in Figure. 4 . A normalised -
graph showing the fyplcal anrenna pattern of a pambolic antenna is shown in
Figure & . : ' :




Anfen.nas (Continued)

Combining Figures 4 and & . we obtainFigure & , which shows -

" the relative response of parabolic antennas versus degrees From bec:m centre.

The pro[ecﬂon of Figure 6 ontoa map of Canadd as seen from the

‘spacecraft at 114°W longitude shows the response of antenna from 3 to 6"

diameter at various points across Canada. (Flfzr 7)
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APPENDIX IV~ COMMAND LINK DEVIATION




PCM/FSK SYSTEM

In this sysf'em; "1"s and "0"s are dlsﬂnguished by using two'separafe tone

'Frequ_encles-. Further, the tone burst representing the 'Mark' is only present

for half of the bitwidth. A simplified block diagram.of this system is given

In Figure | .

If the two tone frequencies are 'f{' and 'y’ aed the bit rate is 'F' then the filter
bandwidths required are fy + 3F and fg + 3F in order to pass both the fundamental

and the third harmonic of the tones.

We will consider a return to zero signal with a 50% mdrk to space ratio and with
equal probabilii'y of ""sand "0"s. Then a bit error probabllii“y of 1 X 10™ 6
the decoder is realized wifh a signal/nolse ratio of 13 8 dB. (see Fig l : _)-

This is the theoretical limit and assumes perfectly matched Filters In pracﬂce,
it is possible to build a filter which is 6 dB from fheoreﬂcal; fherefore, fhe

signal/noise ratio required is

19.8 dB

If we assume that commands shall be accepted at 5 dB below the receiver threshold -

then‘ the required signal/nolse = 19.8 + 5 X 3 34 8 dB.

The required command fone_bandwidfh is 6 X bit rate. If we assume a bit rate of
150 bits/sec. then the command bandwidth = 950 Hz, let us assume 1 kHz.
The required range tone slgnal/novi‘se ratio is 45 dB/Hz (see telemetry assumptions)

Comm_and tone . - 64.8 . dB/Hz - h
Range tone’ 45,0 LR




Now from (2)

ThUS, ‘__oc N— Mc 2 64.8 dB o.on.a---o- (1)
" s . C 2 B _ o4 .
and -I\—IOR = --N— MR 5 ] . 45-dB ...-‘.....' (2)
From which M ¢ _ , . K
, . = 64.8 -48 = 19.8 dB
_ MR2 -
fe = 4.23 A fr
where A fo = cdmmand tone deviation™
A f, = range tone deviation »
Uplink peak deviation = A f_ + Afy
' = 5.23 AR

5. _
B = total RF_bandwidfh-
= required signal bandwidth + L.O. drift allowance + Doppler + aging
= 2 (5.23 Afg+ fp+150) kHz
“S - 2 ) : -
Nop 10 X Mp“  (144.87 Mg + 177.7)_ = 4548
— My = 0.127
sAf, = 2.7X0.127kHz = 3.5kHz.
eBfe = 4.23 X . R . = 14,89 kHz
These are the minimum deviations required, at a C/N of 10 dB.-- To-dlléw‘a margin,
let us choose ~ A fr = 6 kHz
Af, = 25kHz o
from which B = 2 (5.28Af+177.7 )

M

418 kHz
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APPENDIX V  TELEMETRY SIGNAL/NOISE CALCULATION



The teleme’rry channel capacity and rqte requirement For the UHF satellife are

| unllkely to exceed those for the Globcom qucecraf’r - 256 pomt Frame, 1 Frqme/sec,

trans mitted via an IRIG channel 13 subcarrier link. The $CO C/N. requiremeni' can

" thus be derived.

We Have, B = 2 (Af+ F,;,od) Aby CarSon's rule

' Thus, RIG channel 13 bandwidfh Is nommally

B = 2(1.088 +0.220) kHz
= 2,6 kHz

We shall provide a ' channel bandwidth (|.e r Fod max.) of 27 X»semple ‘rq’te, to

maintain crosstalk between chcmne|s to 40 dB or better (N ichole and Rauch, Ref.

Thus we have foq max = 2.7 X 256

690 Hz -
Thus, for a sub-earrier link B = 2.6 kHz,"we can use -

i.- = B -~ fmod max

2

(1.3 - 0.69) khz

= '0.61 kHz
. o 0.61
With  § = 0.61 kHz and Fmod 0,69 m = o = 0.88

.6

From the FM equafion, we have

(5_)- (s_) | B
AN i A Now -
3'm2

B
B = 2.,6kHz
= 690 Hz
m = 0.88

&S/’N' = 23dp W




¢ .
Zo

23 + 3,01 = 1.61 - 4.77 + 1.11 - 4.149

it

- 16.6 dB S

Now B = 2.6 kHz

C = 16.6 + 10 log (2.6 .10%)
" Ng , _
= 50.7 dB
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‘Signal-nolse Ratio Requirement for the Sensor Data

Sub-Carrter Oscillators

The output signal from the earth and sun sehsors may be closely.

approximated by a costhe squared pulee

If we equate gt

g(t)

@

N

4

2

) to A/2, and solve for t,

(e

n

/Q L‘af\lﬂ-!{.

o

ﬁ[l + cf; Vil ¢01

we can obtaln the expression

['l + cos n —-] , where Tis fhe half-dmpllfude pulse wldi'h

Let the slicing level for time-of-occurrence be at half—amplifude

Then, a nolse voltage of peak amplitude U, will shlﬁ the time of occurrence

by T
Where

f.e.,

i.e.,

r
———

U
T

slope of pulse at time t =

T
1



The mean-square error In time of occurrence s thus
a7 - 2 S ‘ o
[lr] L= ——-—4T : [ U,‘VJ .
medn AZ 7] 2 mean
If the spacecraft spin rate is R revolutions per minufé, fhen the
corresponding angle error Is o
= TRMs

. to (o]
& RMs /R X 860

2 _ 36R2 4T2 M
- [ £ ] mIeanA [ Ul" mean no.o.o..o..o. /

The cosine squared pulse has an average power equivalent to a sinewave of

peak to peak amplitude A, and period 1/2T.

Thus, the average signal-nolse power ratio ts

T R
N

Subsﬂ’ruﬁng for A? :
2
[_Um ]mean

n

 from equation >(1‘). ‘

s _ 18 R 12
N T TR
' ' n [€ L] mean
Typlcal figures for R and Tare 60 RPM and 2 ms. Figure | shows the

required S/N ratios vs desired angle error, using these values.
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This calculation derives the S/N raﬂo requlred at the sub-carr!er
demodulator output. We can now derlve the requIrement for C/N rdﬂo at

the Input to the SCO demodula'ror.

Using the FM equation

S . 2B C
— = 3 m et e
N out - 2b N - In:
, _ : - AF
where m = mod. index = 5
B = RF bandwidth
bh = baseband width = quimum modulating FreqUenéy
By Carson's rule, B = 2 (Af + FmodA) "
= 2 (mb + b )
= 2% (m+1
S _ .~ 2 | C ,
N = 3 m (m+1) N

oul’_ in
If we assume a desired accuracy of, say, 0.025 degrees R.M.S., then from the
S . ' " :
raph = = 16.3dB.
orap N out
We can further assume that the highest frequency to be transmitted Is 1000 Hz
(te., 2 X ;-—- , where T Isthe half amplitude width, typleally 2 mS )

‘If we use an IRIG constant ban’dv_(r!dfh A channel, say, 40 kHz, this channel (for the
2 kHz max devlarIOn) would have a Carson's rule bandwidth of 2:(2 +0.4) = 4.8 kHz.




We could thus use a deviation of 1200 Hz, with a maximum modulating

frequency of 1200 Hz.

This gives m = 1,

from which ’ET - 3X2X —g—
’ : out : in
C - S/N
= 16.3 - 7.78.
- 8.5 dB

This Is actually below the FM threshold of the sub-carrier demodulator. -
We therefore set the —I%— V_requiremeni‘ up to 10 dBf

Since” B = 4,8 X 103, the sub—carrier signal to noise aensify, '

le., /g, = 10 + 10log (4.8 103) = 46.8 db/Hs



Telemetry Signal-Nolse Requirement

We will assume that a telemetry accuracy of £.%% of full-scale value 1s

required,

With a PAM system, the error Is sl.mply expressed.

NRMS %

Thus, NRM.S

S

= 0.25%
p .

SP Is the full-scale value, i.e., max. pulse height. .

-The equivalent signal power Is that of a sine wave of peak-i'o—péak‘ampllfude

equal to the maximum pulse height.

l.e., SRMS':"‘ S

.
2\

CMems L as
2[5 SRMs

%— (power ratio) =

t
=
[+
Q.
=




 APPENDIX VI . SURVEY OF EXISTING EQUIPMENT

{




Avallability of Equlphenf (C—-Band T & Q)

Equipment Is avatlable that would satisfy the requh’emenf‘s of a spacecraft

as outlined in this study. Typical power, welght and dimensions are

tabulated below.

: - Power
UNIT SIZE Weight Consumption
Recelver (Two) 6.75" X 4.0" X 1.5" | 2.61bs | 1.5 watts
Total - total - each
Transmitter (Two) | '3.5" X 4.5" X 4.0" 2.4"|bs Lo. 5 watts
. ' Total ‘ total - Hi. 20 watts
~ Total
Telemetry Module | 7.1" X 8.7" X 5.5". 5.5 1bs. 2.0 watts
Command 7.0"X 7.6 X8.7" | 6.91b 5.5
Demodulator e * * . 5 .9+ walts
: : - (4 watts
. standby).
Logic Processor - 4 watts

7.7" X 10.0" X 8.0"

10.9 Ibs




 AVAILABILITY OF EQUIPMENT

b)

The CTS S-band TT & C Subsystem

This equipment was-designed for use on the Communications
Technology Satellite, with a mission life of two years operational

in geo synchronous orbit,

" The subsystem operates in the 2 GHz band, and 1s cbmpoﬁBle with
NASA's STDN network and the Goddard Runge'ahd VRc:nge Rate System.

Mq[or characteristics of the RF equipment are shown In Table 1, and

a detailed description of the overall subsystem follows:

‘The PCM encoder unit contains a TRANSFER ORBIT ELECTRONICS

section, which processes attitude data during the transfer orbif.dnd

handles 15 bit commands to despin and orient the spacecraft until final _

orbit position is reached.



TABLE 1

_Component Chamcfeﬂsﬂcs Summary for the CTS TT & C Subsysfem

Physical Data

‘Component . Key Features -Performance Summary Source
Actlve redundancy Frequency: 2197.192 MHz |o Weight 5.35 Ibs
Command : . _ -
. Passive coupling of Carrler Tracking Phase Lock
Receiver " "both . ‘ ~ Loop |© Size 9.85" X RCA
Assembly two antennas fobot - P ©4.82" Ltd
recelver unlts Tracking Range: + 150 kHz . .
‘ : _ ' " Footprint
Isolated outputs for | © Notse Figure 7.5 dB at 5.5" max.
command and Receiver Input hi
ranging PM Receivers, with FM S . :
sub-carrler demodulator o Power 4,86W
Ranging Bandwidth 1 MHz | - =~
Frequency Stability 20 ppm
Telemetry Standby Redundancy, Frequency 2277.5 MHz o '»Wé!ghi' 4.71 lbs
Zransnllilﬁer Isolated outputs’ PM leansmlti'ers | ' o SL.ze. 8.12" X
ssembly Interrial Isolators on RF : 462"
outputs 3 footprint '
“2W output power 3.28" max. ht. RCA
~ Modulation Bandwidth " Power 12.5W Lid.
‘ : -l MHZ 0 ower .
Modulation Index to
' - 1.4 Rads
Choice of Internal or
External Drive
Frequency Stability 25 ppm’
Dual lsolated Receive & | o Insertion Loss 0.5 dB o - Welght 1.09 lbs
Bandpass - Transmit Filters 50 ohm impedance, VSWR Co ‘ o
Filter ' ' ‘ _ 1.2 lo Size 6.0" X Com Dev
Receive Filter 60 dB zfootp-ri?r:*‘ ' Lid.
refection at image freq. 9.0" mdx. he.
Transmit Filter 60 dB »
rejection at receive freq.
Coaxial Magnetic Latching inserﬂon Loss 0.1 dBmax |o Welight 0.33 Ibs
Transfer 4-port transfer ' "
Switch P . 50 ohm impedance o Size 2.16" X Transco
VSWR - 1.2 2.0" :
S footprint

1.37" max. ht.




2.0

1.0

1.T.&C. TRANSPONDER

- GENERAL

The T;T.&C. transponder provides.a coherent S-Band phase~locked communication
link between STDN tracking siations and the spacecraft. The link provides the
following functions:= C

a) . command system to the spacecraft -
b) ' ranging and range rate ' :
c) . telemetry data from the spacecraft

Units forming part of the transpdnder are:=

1) two dual band pass filters
2) coaxial transfer switch
3) 3 dB hybrid - '
4) dual command receivers
5) dual telemetry transmitters

Table 1 shows the power consumption, size; weight and footprint of each of the
above units, ‘ : .

Figs. 1thru 4 show the outline drawings of the transmitter, receiver,‘idual bandpass
filter and coaxial switch: The 3 dB hybrid is approximately 1" x 1" x 3/8".

UNIT SPECIFICATIONS

2.1 Dual Bandpoass Filter

_ This consists of two separate filters, one at the receive frequency, the other
at the transmit frequency. ' -

2.1.1 Receive Filter

Centre frequency 2097.198 MHz

Impedance 50 ohms

V.S.W.R. 1.2:1 max : :
Insertion loss 0.5 dB max. c.f. £+ 10 MHz
Attenuation > 60 dB ot 2002 MHz. ,




1
1
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2.0

UNIT SPECIFICATIONS (continued)

2.2

2.3

2.4

‘ 2.1.2- Transmit Filter

Center frequency 2277.5 MHz
Impedance 50 ohms
V.S.W.R. 1.2:1 max :
Insertion loss 0.5 dB max c.f. + 10 MHz
Attenuation > 60 dB - at 2097. 198 + 10 MHz

‘ > 60dB at 14.0 GHz to 14,5 GHz

Coaxial Trdnéfer Switch

This is a four port device which accepts the outputs from both telemetry
transmitters. and connects them to two dual bandpass filters. Changing
the state of the switch reverses the connection between transmn‘ter and
dual bandpass filter.

Center Frequency 2277.5 MHz

Impedance 50 ohms

V.S.W.R. 1.2:1

Insertion loss 0.1 dB max

Switch type - magnetic latching, cod power 0 8 A at 28 V for -
50 m sec, ~max. .

' 3dB berid

"This unit combines the output from the antennas and spllts the- resultant power

equally between the two receivers.

Centre frequency 2097 198 MHz
Impedance 50cohms

V.S5.W.R 1.2.:1 max

Insertion loss 0.5 dB max

Power division. not greater than 0.5 dB

Receiver

This unit is a phase-locked loop receiver cqpable of trackmg carrier
frequency shifts of greater than 3 60 KHz. It employs a wideband phase.
detector and coherent AGC. In operation, receiver phase- lock is
achieved by sweeping an Un—moduloi'ed carrier. over a 90 KHz segment
of the assigned centre frequency.



“

2.4

Receiver (continued)

When the receiver is locked it provides o coh.erent drive for the telemetry

transmitters as well as wideband ranging tone demodulahon and command
sub=carrier demodulclhon.

~ Centre frequency 2097.198 MHz |
Input dynamic range, - 134 dBm to ~ 73 dBm

Max input level ~53 dBm no damage
Impedance : 50 ohms

Input V.S.W.R. 1.5:1

Noise figure , 8 dB mcoss

Frequency stability 2 in 10" from 5° C to 45° C
* Lock loss threshold = 134 dBm
- Loop Bandwidth 800 Hz af - 134 dBm
' 3200 Hz max at - 100 dBm
Carrier Acquisition, 90% probability af = 109 dBm when carrier
’ swept + 90 KHz at 35 KHz/sec.
90% probability at =100 dBm to - 77 dBm 4
when carrier swept + 90KHz at 100 KHz/ sec.

Phase fraéking £ 15degrees af 6 dB dbove fhreshold for carrier
‘ shift of + 150 KHz.
{ 5 degrees at - 100 dBm for carrier shift of

* 150 KHz
Phase Detector Coherent 90°
~ Command Sub=carrier
. demod, » 70 KHz
A.M. Rejection 30 Hz at 30% A.M. to give an equivalent
o ‘ output from phase detector ( 0. l rad peak
to peclk
Squelch o Squelch— 'I]2>dBm +1dB
‘ Unsquelch =110 dBm £+ 1 dB
Input Level
~ Monitoring ~Within O -5V -~

Phase error Monitor Withiﬁ O-5V

Lock Status 10" and '5V"




5

Transmitter

When the receiver is locked the transmitter accepts the coherent drive
from the receiver and multiplies it up to the output frequency. -When
the receiver is out of lock fhe transmlﬂ'er uses a standby osblllator as -

its drive source.

C_erﬁre Frequency = - in lock 240/22] times the receive frequency

Centre Fre>quencAy - out of lock 2277.5 MHz % 45.55 KHz

Phase Stability - < 3.5 degrees r.m.s. measured in a loop

noise bandwidth of 50 Hz (includes receiver).

R.F.Power'O/P 2.0 watts min info 5OJL load 1 51V. S W R.

any phose angle.

Stable info load of 3:1 V,S.W.R. any phase
- angle and capable of surviving O/C cnd

S/C

Power amplifier BW 20 MHz min for 1 dB BW.

Spurious Outputs:

Modulation:

Ranging Switch

DISCRETE
~ 70 dBm max 2025 - 2120 MHz’
—. 70 dBm max 2002 + 20 MHz
- 60 dBm max 14.0 to 14.5 GHz

- 25 dBm at any other freqhenqy

NOISE

- 70 dBm / Hz max 2025 - 2120 MHz -

© = 70 dBm / Hz max 2002 + 20 MHz

- 30 dBm in a 10 KHz BW max 14-.0' to 14.5 GHz

- 25 dBm at any other frequency in'a 3 KHz bandwidth

Ranging = uplink / downliﬁk deviation ratio to be 0.5 up
0.7 rads deviation, B.W. 1dB.to 1 MHz.

Telemefry ~ deviation 1.0 radians + 10% for a 30 KHz 5.C.O. |

| Ranging on/off switch o be provided.

.
S




3.0

OVERALL REQUIREMENTS

3.1

3.2

3.3

Delay

The total delay through the transponder shall not exceed 1000 n secs

with a stability of + 50 n secs for |npuf frequency changes of + 40 KHz
and level changes of =100 dBm to = 73 dBm. -

Command Subcarr|e|

1

 The command modulation signal will be dzﬁ’jﬁ{z/sine wave clock and

a coherent 2 KHz PSK sinusoidal data signal. The characteristics of the

- command subcarrier are summarized in Figure 7 and as Follbws:

a) Command Signal: 1 KHz and 2 KHz compo)lfe sngnal (equal
: amplitudes). '
b) Subcarrier Freq: 70 KHz (IRIG) Channel 18
c) Subcarrier Modulator:
Type  FM

Deviation: 1 5 KHz (Composite total)

d) - Carrier Modulation:

Type: PM

"Modulation Index: 0.4 to 1.8 radians peak (sine wave)

| Ranging Signal Characteristics

For the STDN stations the ranging signal will be either: a) a wideband
pseudo-noise digital code, or b) a single sinusoidal tone or a composite
of two sinusoidal tones. The characteristics of fhese ranging signals are
summarized below: :

a) PRN Rohging Characteristics

i) Signal:

During Ranging Acquisition = Modulo 2 sum of pseudo-
random noise digital code with repetitive binary 10 clock
waveform (496 KHz square wove)

After Range Acquisition - Repehhve bmory 10 clock wave-
o form ( 496 KHz square wave ).




i)

a) . PRN Ranging Characteristics (continued)
i) Signal Waveform: . NRZ-L |
i) Bit Rate:  991.666 kb/s
iv) Spectrum:
Durmg Range Acqunsmons = sin x/x wnfh full null af 1 MHz :
After Range Acqunsmon =496 KHz squdre wave.
v) Significdnf Modulation Spectrum: 3.2-KHz, to ].5 MHz
vi) Carrier Médulation: |
Typé: .PM ‘
Modul.ation‘ Index:. 0.4 to 0.8 radi_dns p‘eakv
R - (square wave)
b) R Tone.Ranging Charuc’rerisfics

Signal:

During Range Acquisition = Linear sum of two sinusoidal

“tones, one from each of these groups.:

Major Tone - Minor Tone .
500 KHz 100 KHz  * 'The 100 KHz may also be chosen

- as the major fone.

100 KHz * 4800 Hz *%
~ . . The minor tone mcly also be

4160 Hz modulated by the ambiguity
: resolving code as described

4032 Hz . in Item (iii) of this section.

4008 Hz:

4000 Hz **

After Range Acquisition =  Single sinusoidal tone (rﬁa]or toae)



3.3 . Ranging Signal Characteristics (continued)

ii)  Carrier Modulation::
Type PM -
Modulation Index:

- Major Tone: 0.5 to 1.06 radians peak
o (snne wave )

Minor Tone (lf present): 0.2 fo 0.7 radians -
Pedk (sine wave) |

ili)  Anbiguity Resolving Code:

Modulo 2 sequence of PRN code and 4 KHz clock on
4 KHz sub-carner : :
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Telemetry Encoder

o 192 words

One main frame =

Bits/word: - " = 8
_ Bit rate » = 1536 Bits/sec.
Inputs

a) 156 Analog channels (8 bits) A

‘b) 15 Fldg words.
- ¢) 2 Sync words

~d) 19 Digital words (ACS)

192 words -




- Command Decocier

" No. of commands - 256

" Commands

a) ~ Set command without ground verification
b) Set command with ground veriffcqfion

¢) . Set value without ground verification

d) Set value with ground verification

Bit rate -~ 1000 Bits/sec.v

Bits

48

65

65

82
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