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ABSTRACT

| A NASA Malti-EVA Communications concept is analyzed to es- ,
tablish requirements of a confident candidate system for Space
Shuttle. Conceptual baseline configurations, EVA;s-to-Space-
'gfaft via PCﬁ/fDM and Spacecraft-to-EVA via PAM/FM, and respective
| 'functibnal performance requirements are discussed. The baséline'
‘systemfisiaﬁa1§zéd to determine link charactefistics, EMI levels -
at»various ffeqﬁency bands, and detérmination 6f desirable épec-
'trﬁm.‘ Séléﬁtea L'-énd S4Band links are analyzed to aScertain_
" signal dééignﬁpafaméters. A trade-bff{is perfofﬁe&,fwhiéh es-

: tablishés'L—Baﬁdiffequency as the best compromise from standpoint
of épplicability'to EVA type hardware., Detailed performance re-
‘quirements are established, and a design approach'ié identified
" which émploys aaéptive RF power_technique.to accdmmodate link
d&namic rahge of_§ne foot to 10 nautical miles from EVA tb 10-channel
spacecraft receiver.  The results of the.analysis a1ohg with
the_reliabilityYSAfety aspects and physical characteristics of
'thé candidate system, indicate that the initial baéelihe conéept_
meets functional reqﬁirements,‘but is poor from standpoint of
overall Space Shuttle‘program cost. Recommendatibns are proyided
which indicate‘that Time Division Multiple Access (TDMA) employing .
a single EVA chénﬁel, is a more desirable approach»frbm Spach

Shuttle Programmatic vantage point,

ix



SECTION 1
INTRODUCTION

-This FinallReport contains the results of the analysis per-
formed by RCA during the study of the Multi-EVA Communications
| Systém. ' This effort was accomplished in accordaﬁce with ﬁhe-
'Stateméﬁt'of Work, Exhibit "A" of Contfact No. NAS 9-120§2 un&er 5

'cognizéncé'of'the NASA_Engineering and Dévelopment Directorate,

Thé contents are-arranged to present a concise summary of |
the major effofté accomplished and their conclﬁéibns, then pro-
cedes to describe the NASA Candidate System as RCAvinterprets the
information prdvi&ed, and details the functionai and pérformance
’ teduirémeﬁts;ﬂ'ihe Candidate System is examined and the areas
reqﬁiring'anélysis aré identified, Analysis and t;ade-off§lare
aéqomplished, The'link is optimized and preliminary performangé
péraméters are established. Specific design apbféaghes to meet
tﬁe perforﬁanceAparameters are discussed, and thé'study conclusions

and rééommendations are detailed. This information leads to'thé.'

definition of areas for future study.
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SECTION 2

'SUMMARY

21 OBJECTIVE

The obJectlve of this study is to perform ana analysis.of the Multi-
EVA'Communications System concept presently being cbnsidered by the
National AeronaUtics and Space Administration. This System is dee
scribed in Paragraph 3 and Block Diagram 3-2. The Study is to lead to
-an enhanced definitlon of, and confidence in the Candidate System,
which will allow-Prototype Hardware Design and Fabrication to proceed.
The Study is to optimize the System De31gn and recommend changes that :
_will enhance performance, simplicity or reliability.» Details of the

| System concept which are'not included in the Baseline DesCription are

to he'defined as nart of the study.

| 2.2 TECHNICAL CONSIDERATIONS

The Multi-EVA FDM 10-channel conceptual baseline was . analyzed to de-
'_termine a suitable candidate for fulfillment of the Space Shuttle mis-
sion functional'requirements. The candidate system to-fulfill those
requirements must bebfree of EMI from_earth-based emitters,‘allow opera-
tion oyeryomhi—directional antenna patterns, and‘permit deveiopment of

lightWeight hardware to minimize Shuttle overhead weight,

A preliminary analysis considered a syétem in the VHF band, assumed
the Shuttle orbiting 200 NM altitude above the earth, and EVA/SC

separation range at 10 NM maximum. These conditions_indicated a.26 dB



power‘edvantage of an EVA=-to~-SC link over an earth-to-SC 11nk due to
the 200 to 10 mile range differential Thus, if a 15 dB de31red-to-
| interference ratio in the receiver IF bandwidth is considered, then
the integrated interference from terrestr1a1 sources in the receiver'
:‘bandwidth must be 1ess than 11 dB above the EVA/SC transmitter. power.
For a representative EVA power of 27 dBm, i RFI level should then be
" less than 38 dBm. The LES-5 and LES-6 data indicate RFI power levels
- within 255 to 315 Mﬁz were 6 to 32.dB above the required 38 dBm. The
International Frequency List (IFL) indicates that 156 to 214 MHz and
| 386 t¢V454 MHZ'are unueeabie'because of radars within these_hande. The
1FL lists‘disclesed that'available bands free of EMI . occur within the
frequency bands of 1219- 1240 1289-1300 MHiz (L-Band) and 2359- 2375/2399

- =2410 MHz (S~ Band)

Frequency spectrum alternates evaluated included VHF through Ku-Band;
however, emphasis was placed on L and S-Band, since below L-Band EMI
sources are high and above S-Band the power requirements become ‘ex-

cessive,

‘To define the system eharacteristics relative to the various'bande to
obtain minimum EVA transmitter power (and resultant lower weight)‘thea
receiner noise figure and noise bandwidth weredidentified. The SC re-l
ceiver configuration required channel separation of 1 MHz and chénnel

filters of 3 dB bandwidth of 100 KHz to provide rejection to the:

2=-2



;_adjacent channels. These filters require low center frequency, which
: requires down-conversion of the input frequency.. The resultant re-
ceiver noise figure determines the minimum signal levels and intermod-

ulation products the maximum usable signal levels._

Sincevmission‘conditions may place one EVA at a 10-mile distance and
nine EVA's close to the SC, a wide dynamic range is required by the

| spadecraftlreceiuer. An aptomatic EVA transmitter adapative oower '
level control is recommended to overcome the dynamic range problem. -
Based on the analysis and tradeoff in the aforementioned areas, L-Band

was selected for EVA/SC_and SC to EVA links.,

_Examination df.the system basebands indicated that the multiplening,
modulation, and audio handling techniques were basically standard.

The pulse amplitude commutation of the ten voice channels.has:been ev-
‘_ .a1uated in the hast and proven to provide good quality voice using the
minimum of spectrum space. Alternate techniques were considered, e.g.,
digital voice using delta modulation; this, however;.required the
additional hardware for analog-to-digital and digital-to-analog con-
uersion as well as requiring increased bandwidth to handle'the'higher

bit rates involved,

It was concluded that the candidate System is feasible to accommodate
most of the required functions, except that certain baseline criteria:

exhibit distinct'diSadvantages to enable the design of a low-cost
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-Optihizea éystém._ Theque-of dedicated multiple ﬁF<chanﬁe1§ wastes’
séegfrum, dictatés’ﬁhe néedlfor 10 backpacks of diéféreng frequenciés
(ﬁlus spares) which 1is poor'logistics dgsign, increases Shuttle 6§er-'
__heéd weight by about $10 million, and impacts the growth factor of
comﬁunication linksbyeﬁ to be determined for the‘Shuttie systems.'The
" uge:qf micfowavé:fréquencies for the baseline concept fesultsAin bulky
h;rdware, since directive antennas camnot be empque& due to tﬁé nature
of the EVA missions., Thus, the miérowave.band reSuits in excess‘prime
pqwér.cbnsumptibn due to pfbpagation ldss'6Ver‘Omhifdirectionai.patterns.
' :Tq“échieve‘satisfactory.1ihk'perf§rm3ﬁcg_fof the VariatiOnS‘of signal.
lévél due to the simulténeoué ranges>involved, widé:thamic:reCeiverv
'.frépt'ehd design:ig.réquired as well as a form of.adaptivé pngr'conQ
trol. The adaptive power control technique could; howéver, intfodﬁce
a potential single‘boint failure at the critical ﬁéximum range, de~
,pénﬂing on desigﬁland redundancy considerétipns. Although thé_FDMA
,bégéline was anéined from.a standpoint of a single spacecraft antenna,
'if 1s recognized that multiple antennas are-required to accoﬁmodatef
EVA's in different quadrants around the Shuttle.-vThié, further burdéﬁs
tge.probogatiOn'pfébléﬁ since power-Splitting and/or'phaéing of signéls 
i§ required.. | | . | | H
The overall FDMA system does not lend-itself to qommonalit} With'other: 

Shuttle systems to enable overall program cost savings. Whereas a

common design could allow for a mul ti-purpose syStém,'



ﬁultiple acceSS'communicationsdis best achieved by departure from the
classical Frequency Division Multiple Access (FDMA) technique;’,Time
Division Multiole‘Access (TDMA) techniques, which can employ existing
technology, offer a low-cost alternative. TDMA overcomes the RFI
from Earth radiations‘by providing higher S/N at the receiver Low
average transmission power; adaptive power control is not needed for
wide dynamic range, due to the avoidance of inter-channel interferences; |
hthe EVA equipnent.is simple and identical for.all EVA's, and ranéing can
easily be accomplished with the same equipment at little additional -

; cost. All communlcation channels can be compressed within two narrow

| VHF”bands thus'allowing use of omni-antennas at low.pougr consumption.

The TDMA technique can utilize hardware such as a low duty cycle 100
watt VHF transmitter already developed by RCA for the Apollo 17 Lunar

- Sounder, plus portions of the existing EVCS,

It is recommended that the TDMA approach be considered over the FDMA

approach in lieu of severe budget restrictions invoked on the Space
f o / - : -

Shuttle. A study is required to determine the best TDMA technique

to fit the overall Shuttle functional requirements,
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-GUIDELINES AND CONSTRAINTS ‘

3.1 GENEBAL

"’I'h'e Guidelines and Constratnts along with th-e. objectives establish the area of
»bounds within which the study must be conducted. In the case of the M_uiti—EVA

' Communications &/stem Study the area is defined by the Work Statement, a Block
Diagram of the'-Cand.idate System (Figure 3-2) provided by NASA, and descriptions
resulting from NASA Technical Interchange Meetings. The majority of the Analysis
Material contained in Sections 4 and 6 are based on the above information. Late in
the study additional detaﬂ was obtdined on the system concept from NASA Multi- EVA
| Communications System Contractor Report TCSD 2026 dated February 1972. ’I‘he
‘basic concepts contamed in this document are 1dent1ca1 to those shown in Figure 3- 2
with the exceptlon of the conflguratlon of the audio matrix and the mterfaces with the

~ Shuttle Intercommumcatxons and Data Subsystems

The followmg paragraphs define the mission ob]ectlves the functional and’ performance |
" requirements and descrlbe the NASA Candidate System concept prov1ded for analysis

and refinement to meet the-requlrements.

3.2 MISSION _OBJECTIVES

| The basic pnrpose of Mnlti-EVA operations is to support Space Shuttle and/or Space
‘Station Missions requlrmg the placement of two or more men in the space env1ronment
to perform work not ordmarlly accompllshed automatically or remotely This effort
could consist of: » _

° The. insertion or retreival of complex satellites into or from

earth orbit..

o Servicing .or fneiing satellites in Earth Orbit

[ | Constrnction of Space Stations or Large Satellites in Earth Orbit
-. ° V,Ass.isting‘ in Earth Orbit Rescue Missions

. 'Condncting or Supporting Earth Orbit Environmental experiments

3-1



3.2 (Continued)
The above missions can only be accomplished by maintaining communications contact

with the EVA base spacecraft and other EVA's concerned.

3.3 °EVA COMMUNICATIONS LINK REQUIREMENTS

-The RF Communications required to support EVA Missions are shown_in Figure 3-1.
EVA Communicates Vdice and Data directly to only the EVA Basei'Sta"tion, this in

'rnost instances will be the 'space shuttle or a sortie module.  To acccmplish a specifc
mission EVA‘_may be required to talk to various mission or technical -experts in - '
other space craft or on earth. This must be accomplished by relay_thfough the base

~ space craft in o;'der to. minimize the complexity, weight and power reqnired for the

EVA backpack communications equipment.

3.4  SYSTEM FUNCTIONAL REQUIREMENTS
3.4.1  GENERAL

‘The functional requirements of both the EVA personal communications backpack and
the EVA base spacecraft equipment are based on the information contained in the NASA

Multi- EVA Commumcatlons System descrlptlon and RCA's interpretation of the system

- concepts

3.4.2 MULTI‘-EVA COMMUNICATIONS SYSTEM FUNCTIONS

The Candidate System should satisfy the following functional reqnirements:

e The sy_s_tem shall be capable of transmitting voice and data si-multaneously

from 'each of ten EVA's to the Base Station.

¢ The Base Station shall be capable of recelvmg voice and data s1multaneous1y

from each of Ten EVA'

e The Base Station shall be capable of transmitting base station voice and -

'relaye'd‘ voice to each of the ten EVA's simultaneously.
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3.4.2 - (Continued)
e The system shall be capable of up to ten simultaheous conversations

'These conversations shall be independent in every respect.

e Each conversation shall be among any number of parties from one

(Bfoadcast) to twehty—five, ten of which are EVA's.

e Participants: Parties involved in the conversations shall include EVA's,
Base Station crewman (via ICS),. creWman of nearb'y' spacecraft (via Ba_sle.
'St'ation RF Relay), ground controllers '(via Base Station RF Relay) and other

- sources of'audio on-board the base station spacecraft.

e Access: An EVA crewman shall have the capability of entering or exiting a

cenversation'at_ will, solely under his control.

° Pagihg: ‘'The system shall allow announcements which are heard by all

EVA creWman regardless of the conversation in .wh_-i_ch they are participating.

° Teleﬁietry- 'The system shall provide continuous biomedical and llife support

system telemetry from all EVA crewman.

3.4.3 MULTI EVA BACKPACK FUNCTIONS

The followmg functlons are to be performed by the commumcatlons equlpment carrled by the '

Astronaut durmg Extra Vehicular Activities.

e Voice Generation and Processing for RF Transmission

o Telemetry data generation consisting of the following items.
@ Astronaut Biomedical Data -
o Space Suit Data
e ‘Environmental Life Support Data
e Communications Channel Select Data
e Equipment Performance Data

- @ Self Test or Auto Te’sf Data



-3:4.3 - (Contmued)
4 o Signal Condltlonmg for the above data.

o- Warning Tone Generation

. e PCM Ehcoding for TLM Data

, o M.ultiplex Function for Voice and PCM Data

" @ RF Power Generation
o RF Reception and Detection of Base Station Signals
e Demultiplexing of Selected Received Channels
e Self Test or Auto Test Function

K Assdciated Mahual Control

3. 4.4 BASE STATION DETAILED FUNCTIONS

-In its relatlon to the Multi EVA Backpack the base station equlpment must perform the
fOIIOng functlons _ ' '
' . 'Receptlon and detectlon of the Voice and Data Slgnals from as many as

10 EVA's simultaneously

. Separatiori of Voice and Data

¢ PCM Data Decoding

e Channel Selection Data Separation and Encoding.
e Audio Channel Recognition and Activation

o Intercvommuni_cati'ons access and mixing

° ‘Paging Access and"Mixing

' Audlo Channel Multlplexmg

o‘.' RF Generatlon and Transmissmn

3.5 SYSTEM PERFORMAN CE REQUIREMENTS

The following are the established system performance requirementé'for the candidate .
system. These are to be considered design goals. Performance requiréments ‘based on
system and link analysis are contained in paragraphs 4 and 5. ‘ |
e Voice Performance: Worse Case Voice to Noise Ratio Shall be 26 db.
e Distortion: 'Worse Case end to end distortion of Voice Signals shall be 10%
° Frrequency response of the end to end system shall be +4 dB of the 1 KHz

response.

3-5



v' V(C'o_ntinued_) . _
'~ 0 Telemetry Bit error rate: Worse case shall be less than 10_6.

o Range.: * Maximum of 10 N.M. line of sight.

3.6 . MULTI- EVA BASELINE CONCEPT DESCRIPTION

The haseline- conccpt descrlptlon is based on the NASA Candidate System .as defmed
. in Figures 3-2, 3 3 and 3-4, as interpreted by RCA to accomphsh the functional and

}performance requ1rements of paragraphs 3.4 and 3.5.

3.6. 1_ EVA to Base Station Communications

When an EVA task is created and the ‘number of crewman determined to accompiished

ft, each eStablishes his idenity by chobsing the backpack communicator he will use.
_Ide"nity is baSed on the fact that each EVA transmitter operates on a different permanenﬂy
. agsigned frequency, - and. aé a _revsult all EVA's can transmit Voice and Da_ta 'simultaneoﬁsly.
EaAch EVA can 'defe‘rmihe by received channel selection Who he wants to listen to, this ’_ '
also automatxcally selects the same channel in the Spacecraft for him to. talk on. This
effectively estabhshes a 81mplex communications link since both EVA's talk and listen -

on the same communications channel ~ The automatic channel selectlon is accomphshed
by 1nc1ud1ng the channel _select code in the telemetry data and decoding it in the

spacecraft for switch activation.

The’ .foilow'ing sig‘nal‘ ﬂbw' description refers to Block Diagram Figure 3—3. EVA Voice is
" picked up by the mike 'a'm‘plified to the AGC control level, activating a VOX S)vitch,‘ is

then clipped and_ filtered above the AGC Control Level. The Voice is then mixed ‘with thé
PCM Subcarrier Oscillator at a level to deviate the FM transmitter +12 KHz peak for

voice.

Data inchidlin-g Bioﬁied, -'Lifé Support, Equipmént'Per'formancé and Channel ‘Selection
information is condi_tioned to the proper 1evelé and . scale factors, convertéd from analog
to Digital form then PCM encoded. The Serial PCM -Data Biphase modulates a .éubcar_rier '
oscillator whose center frequency is 8192 Hz. The PCM SCO is rhixed with the Voice
Signal and deviates the FM Transmitter +8 KHz Peak. ' ' '

3-6
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'The PCM Bit Rate is 256 bits per second composed of 32 eight'bit words. 'IWo words
are utilized for frame synchromzatlon‘ the remaining thirty are data words Each word 'is

~sampled once per second estabhshmg the frame rate at one per second

. The bandW1dth of the EVA antenna is sufﬁcient to permit common operatlon of both

transrmt and receive functlons. A diplexer is utilized to permit common operation and to
provide the n.ecessary‘ isolation between received and transmit bands. The'» RF received o
‘signal is FM 'moddlated by a pulse amplitude modulated wave train containing time 'divisio.n
multiplexed vsamples of ‘the ten base station EVA Communications"_channels.i ‘This Vsignal is

- detected by the ‘Receiver, vamplifi.ed, and routed to the PAM Decommutator. The Decommu-
tator establishes syrichr’ohization and gating pulses for control of the communications '
channels to be selected. Each EVA can select two of the ten communicatjons channels to
listen to simultaneou'sly.' These channels are gated out of the Idequ,v filtered, ampiified
~ and mixed, then routed-to the earphone. Each of the two audio channels' has its own

volume cont'rol .

'3.6.2 Base Statlon to EVA Communications

The Multi-EVA Base Statlon candidate conflguratlon is shOWn in Flgure 3- 4 Th1s flgure
does not- show the mterfaces to external systems in detail, partlcularly in the areas of '
PCM data demodulation and shuttle. intercom processmg and control. - F1gure 3-2 does
shown the PCM decommutation and an intercom interface that reflects an. earty con-

figuration of -the shuttle avionics. These areas will be discuSsed in Paragraph _4. 1.

‘The RF signals are received at the base station from each EVA S1mu1taneously and
'_detected by a receiver W1th pass band frequencies assigned individually to match each
EVA transmltter ‘The outputs of the receiver consist - of up to 10 multlplexed s1gnals

contammg EVA voice and PCM data subcarrier.
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.'The' Voice :s'i-gnals-are separated from ‘the subcarrier oscillators by a series of low

. pass filters. The voice signals are fed to individual bus lines of a 10 x 10 audlo ,

matrix where remotely controlled switch selection d the transmlt communications channel

is accomplished. Voice on the selected comm channel is ampllf_led, filtered, and actwates

A Voice operated switch placing the voice on one point of the 12 x 8000 SPS PAM commu- -
| tator. This time divis_ion multiplexed signal containing up to ten conversations FM rnod‘-_
ulates the base station transmitter. The frequency assigned to this- transmitter‘ is the _s'a'm'e‘
as the‘receivers _carried by all EVA's. This completes the talk—listen cycle for conver-

sations between EVA's.

The ’Base Station_ receiver'_outputs are also routed to a bank of 10 Subcarri-er disériminators
where_ the. 8192 Hz subcarrier i.s. band pass filtered from the voice "signal"s and the biphase
"PCM modulation detected. - The output is the PCM data from each EVA which is rou_ted to
'the decoders which separate the audio channel select word and r'o_vi_lte‘the remaining PCM
data to the shuttle data handling subsystem The channel select WOrds are tagéed with ID‘
mdleatmg the receiver channel from which they originated. This information is then routed_
to the matrix decoder Wthh detects the code word and supplies the switch signal to the
proper points in ‘the. 10 x 10 audio matrlx establishing EVA-— to EVA audlo patchmg, via

remote control.

3.6.3 EVA/CREWMAN COMMUNICATIONS

 EVA Communications with shuttle crewman is through the shuttle intercommunications

system (ICS). The ICS interface with the EVA base station occurs at two points for each
EVA. comm, _channel,.'one for listening and the other for talk. The ICS l-isten lines are after
each VOX circuit eliminating receiver noise with no. signal present. The talk lines are
mixed with the conversation taking place on the selected PAM channel. Voice talk and
listen paths are not _duple;i,w -except for the fact they are handled; on separate RF frequencies.

Access for ICS.is controlled by the Shuttle CreWman assigned to EVA coordination.'

3.6.4 EVA RELAY COMMUNICATIONS

Access by EVA's to the shuttle radlo equipment for commumcatlons W1th earth 31tes or other
space vehlcles ‘must take place through the Intercommunications System under control of

' shuttle crewman.
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3.6.5 - SHUTTLE/EVA PAGING

‘Voi'ce_announcements from the shuttle to all EVA's simultaneously is accomplished by
mixing the paging output With each EVA. comm channel being cpmmﬁtated for trans-
mission to all EVA"s. This effectively parallels all EVA's and-selgcted ICS channels

placing paging voice on top of existing conversations.
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T DU LIUNT 4

SYSTEM ANALYSIS

4.1 EXAMINATION OF THE BASELINE SYSTEM

‘A-defailed examination of the NASA Candidate System was
made.with respect to the concepts and techniquesvemployed'tolaé~
éémplish the mission and functional requirements. This-assessmeﬁt~
was méde csnsidering the details of the Multi-EVA System described

in Section 3 of this report.

A ﬁreliminary examination indicated that-the'mulfiplexing,
modulatiqn, and -‘audio handling techniques were baéically standard and
iﬁ most caseé direétly relatedvto IRIG»definition; One excepfion
is tﬁe pgise amplitude commutation of the ten voice channels, This,
jhoWeven?'has been evaluated in the past and proveﬁ'to provide gqod
quality voice using the minimum of spectrum space. Alternate téch-
niqﬁes were considered involving digital voice using Delta Modulation;
this, however, required the additional hardware for anélogPto—digitai-
and digital-to-analog conversion as»Well as requiring increased_Bahd-
‘width to handle the higher bit rates imvolved. Before comsidering
thése techniqués accéptable, a system link and gnd;to-end analysis
had to be accomplished and analized to determine compatibility with
.mbdglation and muitiplexing techniques. lThe,fifst items requiring
determination to accomplish this analysis were the'frequéncy assign-
méﬁté or at least the associated bands. The indication was that |
Aﬁollo VHF freqﬁeﬁcies may not be awvailable and that lower VHF bands

were troubled by severe multi-path and electromagnetic interference



proBlems; Frequéncy spectrum alternates were evaluated including
VHF, UHF,ZL, S; X and Ku-Bands, with the details and results con-
1tained_ih_paragfaph 4.2._ The frequency anaiysis indicated L;Band.
as being'satisfaétofy alternate, and the detailed 1iﬁk‘evaluation
was'perforhed using it as the basis in comparisons with other bénds;

The detailed_anaiysis is contained in paragraph 4.3,

‘The unique portions of the Multi-EVA Cémmunications_weré
'then_determined_tbjbe fhe receivers, transmitters, audio ﬁatrix_'
and the data andvICS:interfa¢e with'the ShuttlensubSystems,. This
:éelééfiqﬁ is.bésed‘on the link analysis and the reqﬁirementS‘fbr
cbﬁmunicatioﬁs With.ten_EVA's‘simultaneously, landlesirénge, remote
multiple access by all EVA's and the definition of Shuttle inter- |

faces.

The receivers present a design problém‘ﬁith réSpect to the
Wide'dynaﬁic range necesséry to handle EVA signals close in as well
aé thoseﬂat 10 miies Simu}taneously. Frequency‘ailbcétioq, front
_end deéign alternates, mixérs and filters are discﬁséed in-ééc—
tion 6, A soiutiohvat'L—Band to dyhamic range may fequire EVA RF1~ 
“‘transmitter output_éontr01 based'on feceived signai's;fength as

well as wide range receivers,

One of the major disadvantages of the frequency multi-

- plex of EVA'transmissions is the fact that each transmitter operates



on a different assigned frequency. This makes each EVA backpack
unique, requiring 10 units to provide a backup spare. An alternate
would be'time division multiplex which has distinct advantages but

4requifes a revised concept for voice and data,modulatioh.‘,'

Shuttle Subsystem Interfaces are unique 6n1y in the
 stabi1ity of their definition. Design problems afefn¢t anticipated
unless a voice multiplex bus is used on the shuttle;.then it remains

one of compatibility.

[
The candidate system appears capable of meeting all of

the basic requirements with oné_possiblé'exceptidn.

There is»bne reduired fﬁhction that thé gaqdidété-systeﬁv
‘as defined does not meét._ This states that an EVA créwmén Shail
haVeithe'cépability_tb-enter or é§ﬁ33-a_¢§nver55tioﬁ, solély ﬁnderl. '
his control. :Thé EVA has the éapabflity'to select any EVA_commuﬁie
¢cations channel fdr talk and ltsten'pufpoSes; whiéhvprovides éqntrol
bver'conversations_with any‘EVA crewman., This, however, does hot_
pfoVidé access for conversations iﬁvolving the Shuttie Intercomm-
unications System.' Control of EVA conversations with internal
FShuttle Crewman or access to the radio:equipmént forlrglay ¢ommunica-
tions must Be under the control of the shuttle ﬁisSidnvspecialiét;
since the only»interface éhown for remote EVA control.is for channel
selection qf the.aﬁdio matrix. Remote control coﬁld be:proﬁidéd'EVA

to accomplish 100% access using any one of several techniques de-
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scribed_asvfolchS; One approach is to assign specific channels cf.

| EVA ccmmunications to the specific intercom buses related to the .
access desired. _For exanple, EVA wishes to communicate with earth;
he’selectsfchannel 10 which has been assigned to prcuidevaccess tc

the earth transceiver via VOX control. This type of a331gnment pre-h,'
_sentsvtwo operational problems. The first is that it reduces the number
ch EVA to EVA channels hy three at the very least, since simultaneous

- usage must be considered. Therthree simultaneous'ccnversations
WOuld‘he between EVA Group 1 and Earth, EVA.Group:Z’and "Other Space

' Vehicle;"pand'EVA Group 3 and internal crewman.h'This'leaves seven_.
channels fcrpEVAitc_EVA,Ccmmunications; The second_prohiem is that
it now becomesrdifficult.for one EVA to locate'the channel of a second
he-wishes to converse with, since 10 EVA's are 1isteningito-on1y
sevenvChannels{ The_simplest methcd for locaticn'is'again‘to assign_”
}a specific»Channel to each EVA with the ground ruie that he‘a1Ways o
lllistens to that channel as well as'the'ona he selects to talk on.

With only seven channels available a prearranged channel assignment
must be made to double up three EVA's when ten are requlred to be

out.

An alternate method of 100% access would’be to'let a'comé '
- puter recognlze the EVA selection code and monltor each comm channels

use, store the 1dentity of the users and update based on. changes.



N

;audio'matrix.topselect the proper channel called:for. Alhe?samei5-
}type of cdntrol~wou1d be used to activate the shuttle intercomm
syStem_as:well asfthe access to radio equipment for relay. This
htechnique is:complex and costly unless the Shuttle'ICS uses it and
EVA just adds a function._ If an on-board crewman controls access
to the radio. equipment a reverse paging system is de51rab1e ora
communication channel assigned specifically for 1CS which is con-

tinuously monitored by the crewman.

The paging concept as shown in Figure 3 4 places the
paging v01ce simultaneously on each. commutated EVA channel over the
’-top of any conversation in progress. An alternate method of paging
that prov1des a backup communications path in the event of an EVA
decommutator failure should be considered during the redundancy.vs.
backup_reliability'trade-off. This concept would be to'remove‘the
rcommutatorvwavettrain as modulation for the base station trans- |
mitter and substitute paging voice.modulating the‘carrier directly;
.The EVA backpack units would recognize the 1oss of the commutator
31gna1 and automatically bypass the decommutator placing audio directly

into the EVA headset amplifier, - - T

The EVA operations will include multiple tasks simul-
taneously, which may place EVA crewman in any quadrant with respect
to the shuttle vehicle. ThiS«being the case,Figure; 3-4 whould_be ,

modified to include additional antennas for coverage purposes as well .
as the incorporation of a coax antenna s switch and/or power splitters.

If operations can be in any Quadrant simultaneoulg the base trans-
mitter power may have to be increased to handle the power split.

4-5 .



4,2 FREQUENCY SPECTRUM ALTERNATIVES

.4;2.1 RF1 Investigations
. Initially the RFI inVestigations involved discussions with

the RCA Frequency Bureau personnel. They indicated.that cantion
must hewexercisedvin selecting any 'clear" (use), but assigned
frequencies‘or channelsov Such channels will probably be nsed by
cthoSe'tovwhom assigned prior to the Multi-EVA operationai:era and,
"fperhaps, at“arhighllevel of interference. It is generally'hetter
.to select occupled channels where the interference level is accept-'

able as the user power 1eve1(s) probably will not be 1ncreased

A review of the final documents-resultingtfrom the World
. Admlnistratlve Radlo Conference for Space Telecommunlcatlons (WARC~-

- ST) (held in Geneva) y1e1ded the follow1ng

| th‘new regglation of interest which states '"308A:: The .
bands 240-328.6 MHz and 335.4-399.9 MHz may also be used for mohile
aatellite'service.' The use and development'of this service shall
be subject to agreement among the aominiStrationa‘concerned and
those having.services operating in accordance with‘the‘tables whichh

‘may be affected,"

" The tables referred to show basic allocations in these
bands for Fixed Mobile, Space Telemetering, Aeronaut1ca1 Radio-

nav1gat10n and Radio Astronomy.



“Most'of these :éports also examine the multipath problem'which,
exists'for the User/TDRS link, and propose modulation and sPeciall

‘processing sOlutions to combat both the RFI and multipath.

The earth multipatﬁ proElem does not exist for the ﬁulti-EVA dﬁera-
tion; and the use of sophisticated modﬁlatidn'techniques to combat
RFI to impact hardware (size, weighf, primary'ﬁower)_more or less
than‘thét from changé to a carrier frequency whére'thevinterfefence
levels are _tol'era_.b'leA. This matter is exzimined_fuﬁh&_latéf, on in. this

report.

It should be noted that Article 1 of the Radio Regulations
_defineS'MbBile_Satellite Service as "Alradiocommuﬁication service:

- between mobile earth stations and one or more space

stations; or between space stations used by this serviée;

- or between mobile earth stations by means of one or more

space stations;

- and if the system so requires, for connection between
these spéée_stations and one or more earth stations at

' specified fixed points."

,vIt-waé'concluded that nothing'in these WARCAST documents'

precludes our use of VHF.
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LES 5 and LES.6.Experiments.

.RFI measurements were made by theee two Lincoln Exper1nent
Sateliites (LES), and the resultant data are given in the report
Alisted as Reference 1. This MIT document was reyiewed during'
this reporting period and a‘SQmmary of»theifindings-is'given‘

‘in the following paragraphs.

LES-S Descrintion and Results -

wThle eatelllte was. launched July 1, 1967 into a nearly-c1rcu1ar, :
;almost equatorlal, qua31-synchronous orb1t.- In thlS orblt
~ the satellite ”drlfts” to prov1de full earth coverage,veré
c1u81ve of the polar reglons, in about eleven dayb The cat~--,
elllte RFI package is designed to monitor the frequency band |
_of 255 to 280 MHZ by-stepplng from 283 down to 253 MHZ in 256
}steps of 120 KHZ bandw1dth dwelllng 2.56 sec at each ‘step.
-Thns, a complete flequency scan is- completed in approx1mately
oli'mlnutes. LES 5 w111 be turned off automatlcally by a timer

in Aprll 1972

The nominal receiving system sensitiVity is about -120'dBm'
at 255 Miz and 20 dB poorer at 280 MHz due to the antenna

design. This receiver measures average RF power 1n each 1?0 KHA,
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.,iLESQS;Deseribtien and.Results: (continued)

bandwidth step,  and can accdmmodate-aldynamie range ofz60 dB,
but.not_exceeding 0 dBm at the receiver input. Capability-is
also iﬁcluded'in'the experiment for measuring a Peak/Aveéage
xatie-whefeiu: (a) the Peak is the-highese'short'term average
power in-a‘GOOlKHz bandwidth centered en each frequency step,
and (b) the Average,is,phe average power measured in ehé‘,
leorfesponding 120 Kiz Baﬁd A lou P/A value impliesla stldng

- CW 51gna1 an 1ntermed1ate value (about 15 dB) 1mp11es noise

——
s

; in both bandw1dth "w1ndows s and a hlgh value (40 dB or greater)-
1mplies a pulsed 81gna1 or strong Cw lylng in the w1de (600&HZ)
bandw1dth but outside the narrow (120 KHZ) bandw1dth

HoWever, Reference 1{states_that llttle effort'was devoted to

‘.reductienlofuthis Peak/Average data.

Measurements at six Seleetedsfrequeneies in the.baud of in-
terest for.tvelve dlfferent scans over the perlod from |
July 4 1967 to February 12 1968 are summar1zed in Table 4~ 1.
: Average or mean values and standard dev1at10ns (31gna) were
calculated ana are also given in ehe table. These values"
‘were used to plot Flgurelei whlch prov1des ‘a_reasonably |
aceurate representation of the mean and % 1.5'boundar1es of
bower levels ueasured across tﬁe entlre'LESéS Band.l'Grauhs

of Reference 1 show the power measurements to be a continuous
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TABLE 4-1

 MEASURED DATA FROM LES-5

'DATE OF | SCAN
SCAN #

AVERAGE POWER (-dBm) MEASURED
AT FREQ. (MHZ) SHOWN

255

260

265

270

275

280

7-4-67 . 1
8-1-67 2
9-25-67
10417-67

oS W

10-31-67
11- 1-67 6
C11-667 7
11-22-67 .8
1;24—63 -  §:’
2- 6-68 ‘10
. 2-12-68 - ".11i ”
3-18-68 | 121 

- eMEAN VALUES
TO NEAREST dBm

©sTD, DEV.:(QS') "

120

115v'ﬂ
117
120
120

120

120
122
120

122
125

122

120

115

117
118

118

118

120

120
125
123
125
120

120

3.2

17

112

112
110
111
112
112

112

115

116
115
115
116

- 113

2.1

110

..108
107
108
108
110
" 108

112

112

112

115
110

S 110 -

j2;4

2

103

105

102

e

105

105

105

108
105

105

107

110

98

100

100

' 102

105

3

98
100

100

100

105

105

105

105

102

102 -

2.8
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: dLESestehctipticniand1ﬁeeu1té:A'(continued)

function in this band from'255'to:280lMHz,éuéh that the band-
width of any one earth‘RF'SOurce does not have to be determined
_for comparlson w1th the expected spacecraft recelver band-

1dth for Multi- EVA operatlon.

Conclus1ons regarding the signlflcance of . these data are com=~

b1ned w1th conc1u51ons relatlng to LES 6 data a Subsequent

vparagraph.

LESeéeDescription;and,Results;

h:This_satellite’waS'launched September 26, 19é8ninto;aAnear1y

.circuiarhalmost.equatofial synchrcnous.orhit Where it'was
anchored" at 90°W 1ong1tude for all measurements given in
the MIT reporL Reference 11 (It was moved later to 38°W
vlongltude). U31ng a des;gn 31m11ar to that of the LES 5
LES-6'monitors the band 290 to 315 MHz with a recelver
sensityvity‘about d_dBeimproVed over thatdof the-LES-S‘ No
‘“turn;off”‘timer is'provided'cn‘this satellite;_so the

' terminal date‘fbr data avaiiability'will be that of an LES-6

faiiure; or decision to halt grcund receptionlof'the _ N

'transmiSSions.

This satellite has provided more total data than the LES-5,

i

but it is limited in geographical coverage due to the fixed
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‘LES-6 Description’and Kesuits: (continued) . . . . .

position relative to the'earth Average weasuremean determlned

from ten dlfferent scans are glven in- Tablei zand a plot of

'.L'

o the data, prepared as described above for_LES

Figure 412;

;. Conclusions

_-Iab1e4P311sts the average or mean values determlned ln l and~;v
2 above, and translates these to Effectlve Earth EIRP levels N
"by addlng path loss values for Lhe frequen01es shown. Thesed.d
'r'levels are then compared w1th the +38 dBm earth source EIRP
: maxrmumvderxved 1n’Reference 2. Thls’ls‘the.maglmum‘Value-
;pernltted:if a,DeSired/Interference'signal power‘ratio of t"f?_

1

"15 dB minimnm'is”to be maintained at the spacecrafi receiver .

- under other conditions described in Reference 2.

5As shown in - lable‘%3,all average values for the full - frequencj

range covered by LES 5 plus LES 6 exceed the +38 dBm re-

ference»level- The excess’ ranges from 13 to 32 dB and 5 to :

11 dB for Lhe LES—S and -6 frequency Spans respectlvely.
:_Table4%'3hons Effective Earth ElRP VaIUesfrange'from 20-watts%-
to 10 rw As ‘stated in Reference II,the carrler frequenc1es

assoc1ated with a number of the hloher power cases 1nd1cated

i
|
]
o
%
|
!
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'_ “TABLE 42

MEASURED DATA FROM LES-6

~AVERAGE POWER (-dBm) MEASURED

DATE OF | SCAN AT FREQ. (MHZ) SHOWN

scan | #  |7P90 795 — 300 305 310 315
11-4-68 1 130 130 131 130 129 126
1155;68‘ | 130 130 .132 ._.a13i o 1325 ; 27
12-9-68 - 130 130 132 f'130f 132 128
12910;68' ” T3 .130 132 .-_-125~-7 132 122

4-10-69 130 126 - 125 125 1287 125

[ AT, S SR TR C I

: 4-11-69 127 128 130 o125 128 o127
C6- 2469 7 125 125 '120'if‘-130 S o127 120
6- 3-69 8 v'125*_'» 128 13°. Af7129' 128 125
9-30-69 9 128 127 130 130 128 120
lo-1-69 10 125 127 128 128 128 125
T —
~— " eygay VALUES. 128 = 128 129 ﬁix29g3_ 129 124
_TONEAREST ¢Bm - - L _

°sw, pEv. () 2.4 1.9 2.8 2.2 2.0 2.9

414
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LES-5, -6 /MULTI-EVA INTERFERENCE EVALUATION

-  AVERAGE PWR, PATH 1OSS EFFECTIVE © EXCESS
FREQUENCY . LEVEL REC, CORRECTION = EARTH EIRP OVER +38dBn
__(MHZ) (dBm) ' (dB) (dBm)'j(Watts) - (dB)

-120l '; o .171,' 41 . 126 413
LES-5  -113 Coaan }ss- 630 420

10 171 46l 1260, 423

.05 172 ¢ 467 5000 429

-a\‘,‘

e102 0 172 470 1000 432

o128 172wk 25 :, 4 6_'
-128 . sk 25 o+
29 12 w8 200 45
-129 173 .. +4b ':"'25 46
‘-129 |  '-_ 173 4 f5i,“25‘ 46

-124 . 173 #4980 41l
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- hConclusions:'(continued)‘

-7the'1ike1ihood that LES-5 was'receiving'transmissions from
"’AN/FRT-49 TDDL transmltters. ~The EIRP. from such sites,

: corrected w1th reference to. RHC polarlzation corresponding

"‘Vto the LES-5 antenna design, is 40 KW (20 KW transmltLer

: output and 3 dB effectlve antenna galn) The 10 KW value
shown at 280 MHz in Table‘$3correSponds best W1th thlS TDDL

EIRP 1 evel

\\,,

A brlef re—examlnation of the IFL—International ‘Frequency
.Llst - (see Monthly Progress Report #3) was made for comparison
'of EIRP values w1th those measured by LES-S and 6 No EIRP
values correspondlng to TDDL site power output leveis were
observed in the list, which 1nd1cates how onercould be misled

~ using this limited IFL reference as a_singiefdata source for

this study. -The highest EIRP observed infthis'iFL for the

3 _frequency range correspondlng to LES-5 and 6 measurements was

) 1 25 KW, Most of the 51tes 11sted showed EIRP levels only -

50, 100 or 200 watts.

The high power levels measured hy' LEs-S'aﬁd§§64@§g§%§;;&zexs o

amination of alternate carrier frequencies for Multi-EVAg
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- Review of Additional Documents
The reports 1iétéd as Reference 2 through 10 were reviewed as ad-
‘ditional sources of data and analysis-pertinent,togthis RF1 problem.

Brief summaries of each reference and comments on their applic-

ability to the Multi-EVA Study are as follows"

‘Referehcé 2¥‘ Thls report relates prxmarily to the use of satellltes for

for same. thtle,RFI 1n£ormation is contained in tne report.

Refefence 3 Thls article contalns an overall v1ew of the RFI problem
, and a plot of approxlmate power spectral densitles acorss the range.
lfrom 10 MHz to 10 GHz. An appreciation of the basiq_Severlty of the
RPI problem‘in‘the VHF band can be gaihed rrém cgiculatiéns based ‘on-
vthe information'prpvided. However,'the scales ﬁsed:fbr plotting the
~data areftoo coarse to pefmit examipatioﬁ'of individual carrier channels
“or a band of channels of interest. (For example, 270 o 280 Mz or ary
similar:spfqad‘of 10 MHz.) o

-

References L through 10: These reports all examine RFI'difficulties

for the case bf Low earth orbit "user",satgliites communicéting with
_ground sites via a geostationary satellite such as fhé’TDRS planned |

by NASA. Values for 1nterference levels are given for selectﬂd ranges
'within the VHF band planned for. telemeterlng from the users.;f’f;r
canmands to the users. Most of the4data were Qerived from the ECAC ». 
_data bank, and zre appllcable for our study. 'HoweVef,fihe enfifé ‘range-

. from 200 Milz to 399 MHz is not, evaluated and mos? of the data vertaln .
~ 4o the bands *36—138 MHz and 11i8-150 MHz. -
| | PETI
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4,2.2 ° Carrier Frequency Recommendations

All three regions of the International Frequency List (Figure 4-3) were
reviewed covering the frequency span from 450 MHz to 2500:MHz. The review:
included the regular IFL and the recapulative supplements which provided

additional listings through August 1971,

Important factors in the search for suitable carrier frequencies included:
~ (a) effective radiated power spectral densities of interferring sources as low
as +16 dBm/KHz, and (b) one band at least 10 MHz wide to accommodate 10

separate Mul'ti_-EVA' carriers for transnﬁssion EVA/Spacecraft.

The IFL study disclosed no 10 MHz bandwidth (éontinuous’ or in reasonably
separated portionsf which met the maximum interference level vrequiremer'lt
where listings of emitters existed. .Therefore, attention was directed at

"holes" or empty portions of the 450-2500 MHz spread of iﬁtérest.'

foilowing are the lists éf such erﬁpty spots (at least approiiinately 10 MHz wide).,
The second vcolliim‘ns of these lists present the c’lasses.and‘.band_widths of emissions
operating at the l‘ow‘e_r iim'it of the émpty spot. The bandwidfhs are'gi.\;en in kHz,
For example, a 1iétiﬁg of 1020-1030 in the first column indicates that no other |
emissions are prgsent (aécording to the IFL) in the 1020_1030 MHz band, except
those at 10 20 MH.'z.and 1030 MHz frequencies. The listing ih,the sécond poiumn

of 1000 P9 indicates that the widest bandwidth of all transmissions at 1020 MHz is
1000 kHz, and it e.xtends from 1020 MH? to 1021 MHz. Heh_ce_y, the aétual
“unoccupied band is i021-1030 MHz. Symbol P9 is the intei‘hationally agreed

designation of the class of emission. (For these symbols, see Reference Data
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for Radio Engineers; Fifth Edition, March 1969; pages 1-16 and 1-17.)

‘Region 1
Empty‘,Fx"e.quen'cjy Bar}ds _ Bandwidth, Class of Emission

1020-1030 | o '10,00-1:9
1215~124o‘ o I 650 P9
1287-1300 ‘ | | o | 3000 P9

2304- 2312,5 © '?.-.," : - 3000 F9
2330-2355 o 3000 F9
2355-2375 'V N 4000 F9 -
2376-2305 I o  o00F9

‘2395-2410 | | 4000 F9
2410-2424 . : o 3000 F9
24242438 , | 3000 F9
2438-2450 | 3000 F9

. Region”2
‘Emmj FrequencXBénds - Bandwidth,' Claéé of Emission
| 13- 125 | 6000 A5

1106-1114 | - : "~ 850 P9
1130-1146 | | - 650 P9
1218-1247. 5 | | o 1000 F9
1247.5-1330 , 1000 F9
1300-1362 | - , 1000 Fg
1362-1395 D 1000 F9

2205-2375 L o 1000 F3
2375-2398 | _ | 3
2308-2450 - ' 8A3

2455-2468 4-22 | ' 1 AD1



Region 3

]

' Eméty .Frec.luency 'B‘éh;i'sv_ | Béndwidth, Ciass of Emissioﬁ o
' 498.98-530,1 | . Aae F3
539-551 o - | 200 F3
 $514588, o - o |   ”209 F3
635-650 o | | ',,‘ | = 5000 ASC
sos-1i0 - 4oFs
Coi0-722.5 | B ;,f_ j 40 F3
725-740 : o “}_,. o  40F3
:755-77o u . | o a0 Es
785-800 o . 40F3
s15-366 o | -  "_ 650 F3
__12ogQiéi$ - o S -.fsoo;Pci_
| 1317-1400 o DR o 3060;Pc>
1420-1665 L 2000 2
1700-1720 | | 5600 PO
175117675 I 12000 F9
1855;1867.25i‘ - - 1920 F3
1895-1912,5 ';‘ - | 11920 F3
2000.5-2024 S | 7"5006;p3Ff
2053-2067 - | - 38F3
2193-2222 - | 5860 F3
2285-2375 | 25,000 F3
2375-2450 | B
2450-2650 | S
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.

v' Exarninetion of all three”fegions of the tv‘ofld permits one_to derive the fo_llowing
residual bands as most suitable for Multi- EVA based on thls RFI consideration:

1219 MHz (bounded by Region 2) - 1240 MHz (bounded by Reglon 1)

1289 MHz (bounded by -Reg-lon 1) - 1300 MHz (bounded by Reglon 1)

" '2"35_9 MHz (bounded by Region 1) - 2375 MHz (bounded by Region 1)

'2'3'99 MHz (bounded by Region 1) - 2410 MHz (bounded by Region 1)
} L1nk analyses contained in Monthly Report #1 show the followmg EVA transm1tter
power output requlrements based on use of low gain (omm type) antennas on
both the EVAs and the spacecraft, | B

Carrier . ~ _EVA Transmitter: Power Required.

FrequenC'y L '~ Without AFC* . - With AFC*'
| VHF (__23'0 MHz) .02 Watts _',_..0‘12 Watts -
- S (2000 MHz)‘ 5 Watts'_' | _' 41‘..‘5.W,a.,tt‘s
__ XV(8000. MHz) 314 Watts .27.Wat‘ts

K (13000 ‘MHz) ~ 2000 Watts | | 110 Watts

*Automatlc Frequency Control in Spacecraft receivers,
Since all electrical power requirements associated with the astronauts'
extra—vehicular activities would be supported by batteries, it is highly desirable' :
that the transmitter pOw‘er requi_rements be minimized.
' Assuming the same link paraineters used for the S-Band (2000 MHz) analy’sis"
prevaii_for the 1219 to 2410 MHz range tabulated above, theoretical EVA |

transmitter power requirements would be as follows:

Without AFC . With AFC.
1219-1240 MHz 1.9 Watts : 0. 6 Watts
'1289-1300 MHz - 2.1 Watts 0.6 Watts
2359-2375 MHz 7. 0 Watts 2.1 Watts

7 2.2 Watts

2399-2410 MHz E . 3 Watts
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Frorh the s.tandpdint of minimizing primary power requirements, the obvious
preferred bands are 1219-1240 and 1289-1300 MHz. One example configuration
would place the 10 EVA transmitter carriers in the 1219-1240 band ana the
&)aceéraf'c. transmitter carrier ih the 1289-1300 MHz reéion. 1t is recogni'zed;
' howevé‘r, ‘that 'other considerations should be included s.uvch as equi;;ment

availability, commonality and cost.
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4,3 = PRELIMINARY LINK PERFORMANCE EVALUATIONS

Link berfbrmah¢e analyses were completed to determine thé required
'.'EVA transmitte# power for satisfactory cbmmunications §£ voice and
;the datalsubcarrier from an EVA to the spacecraft, The_analysis
compared uSquf VHF, S, X and K-band carriers, buf excluded considera-
tion of interference from terrestrial sources., This can be a major
problem‘and warrants detailed evaluation, This is planned fqr_ﬁhé

next reporting period.

Most Qf_the,patameters used in the Analysis»Were thoée characteristics
_of'thev"baselipe".Mhlti-EVA Communications System;‘aﬁd other values

- were sele¢p¢d as'typical for the equipments involved.,

A, Assumed Values

The spécific'numerics used in the link evaluations were as follows:

1. Nominal Carrier Frequencies

VAF 280 MHz

L-Band 1250 MHz

S-Band | | 2000 MHz |

X-Band 8600 MHz

K-Band 13,000 Miz
WF L 1‘- s X K
2. EVA Line Losses 2db  2db '_2db_ 2db  2db
3, Receiver Noise Figure '5db  7db 7db. 8db  10db
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VHF L S X K

4, _Spacecfaft Multicoupler Loss 3db 3db '13db 3db - 3db

‘5. Spacecraft Line Loss 2db 2db 2db  2db  2db

Receiver noise figures can be reduced by using parametricAampiifiers,
4but such designs were not assumed for this initia1 aha1ysis since
ihterference ponsiderations can obviate the advantages resulting'
from.Iowervnoise:figure. This will be taken into account.after'con-

sideration of the interference problem,

The multicoupler loss value estimated assumes separation of the 10 EVA

channels is done at the IF, rather than RF frequeﬁcy;'

6. Modulation Levels (FM) of Carrier
Voice: 12 KHz peak deviation

~ Data Subcarrier: 8 KHz peak deﬁiation

7. Frequency Instabilities VHF S, X, & K Bands
EVA Transmitter +.005% max. +.0025%
Spacecraft‘Receiver +.005% max. i}OOZS%}

8. Spacecraft receiver IF bandwidth to accommodate baseband,

modulation and R/T instabilities: 75 Kz.
9, OCNR required in IF bandwidth: 10 db

10. Voice SNR required in post detection bandwidth of 3 KHz:

28db p-p/rms for speech clipped 12db below péak.
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1L,

12,

‘Data.subéarrier SNR required in assumed 2 KHz pre-detection

bandwidth: 16db, -(This high level chosen to accommodate

'SNR degradation due to relay over an SC/MSFN 1ink,'for

éxample, and still provide an E/No adequate for a BER no

less than 107® at the earth demodulator.)

Imposed Margin:’ 9db. This value inclﬁdes‘Bdb polarization
losé assuming linearly polarized antenna on the astroﬁaut |
or expéri@ent module and a circularly pdlariééd}antenna

on the spacecraft, 3db for unfavorable anteﬁna orientations,

aﬁd 3db for wofst case tolerance accumuia;ion_for,other equip~-

ment characteristics.,

Results'.

Link caléulations.were based on the CNR requirement of 10db in the
IF bandwidth, as this is more demanding than eithef.the voice or

subcarrier SNR values., (These SNR requirements are”exceeded_when

the 10db CNR is achieved due to the FM indices used and the large

: IF/post-detection~bahdwidth ratios.)

- Key results are asfolioﬁs:  EVA Transmitter P0wér Reguiredl
o | Without AFC = With AFC
VLF .02 watt. .02 watt] E
| L 1 watt 0.4 watt a
S 5 watts 1.5 watts
X ' 314 watts 27 watts

Ku 2000 watts 110 watts
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Note}that,with'AFC; VHF provides at ieésc 19db édﬁéntége_évef.s~band
'.and'thé'other ffgquencies. Without AFC, this advéntage ié inéreased
to 24ab. It is impra§tica1 to provide the power outputs‘indicated
at X -‘and K-Bands-by solid-state means in either:caSe.  Fi§é'w5tts ,
of power at S-band can be realiéed by solid-state mééns at the present
‘time. However, the size, weight and input power éf.é S-watt trans-
mitter at S-band’is considerably greater than that required at VHF

fof a‘coﬁparéblévpower level. A 5db reduction in power at S-band

can be achieved by using AFC;' However, the AFC'fecéiver}is'COn;)
sideréblyiﬁore ¢bmp1ex and will result in increased size, weight

and input power.

‘Xfand K—bgndé were ébﬁsidered because of the smallef-physicai_siZe
antennas which could be flush-mounted on the spacecréft, and théy
offer a somewhat lower interference. problem probabiiity, waévér;
these éonsiderations are more than offset by the higher transmitter
power levels fequiged as shown above. These could be reduced by
uéing parémétric amplifier receivers and antehnaé on’the‘spacecraft
with sméll,gain (SUch as 3 to 6dB),_which would»not_réduce coVé?ége'

seriously,
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4.3 continued

Carrier Frequencv Selection

- The RFI investigation describes two 10 MHZ windows at "L" Band and
"S" Band which were approved by the MSC Technical Mbnitor. An

analysis of these two frequency bands follows,

'For omni-directional antennas at EVA and SC antenna gain  is assumed

to'be 0db. e

Pp =L + L, +L_ + P+ + + M
BRI I YL e R AR N somn

F[ Pi = Réqqired transﬁitter powef, '__ ,(dBm) _

Ll'=hcombined‘EVA/sc line loss . c (dB)

'Lé = Combincd EVA/SC Duplexer'loss _ h'(dB)

Ly = Propagation Loss S | (aB)

F =.Receiver noise figure | .b b(éB)

Py =‘Thermél Noise (F = 0 dB) - :__h_(dBm/KHz)

Ngy = Noise Bandwidth ’ '4 - _. ’(kﬂh) |
~ CNR =.Carrier—to-noise ratio . '_ " (dB)

Mh = Méfgin" - | o j | (dB)

_ Representative values are as follcws;
b, =ad
L, = 3 dB
Py = 144 dBm/KHz
CNR = iO dB

M =9dR

4 +'3 + Ly +F + (-144) + NBW +10 + 9 .



The ndise_bandWidth_(Néwy isldetérminéd by the required information .

bandwidth plus ‘additional bandwidth for frequency instability due to.

colerances on transmitter and local oscillator frequency as Well_as

tolerance on center frequency and bandwidth of the channel selection .

filtérs. If major inStability is due to EVA frequency tolerance, then

for a tolerance of + 0.003% (+ 30

as follows:

Fréq. (GC)

BAND

P (Kilz)

F(KHz)

IILII
1.25
37 .5

75

lls L1]

| 2;35 e
70.5

.14L -

KHz/GC) the added bandwidth will be

Thus, if information bandwidth is 75 KHz for EVA to SC link and 750 KHz for

SC” to EVA link, the noise bandwidth becomes:

Link

'Info BW (KHz)
A BW (kHz)
Total (KHz)

dB(re 1 KHz)

?ropagatibnlloss for

onl
- BVA/SC SC/EVA
75 750
s 75
150 - 825
21.8 29.2

X
where &
f

a

n

10 nautical miles is:

g
Eva/sc ' SC/EVA
75 750
141 141
 2£6 891

| 29.5

. 23.4

97 + 20 log £ + 20 log d

dB
Gc
statute miles

0.869 nautical miles
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n

X dB = 97 + 20 Log £ + 20 log 11.50

97 + 20 log £ + 21.2

118.2 + 20 log f .

freq. (Gc) 1.25 2.35
X aB ; 120.2 . 125.6
| For "L" Band (1.25ch)

EVA to SC Link

P

o = 120.2 + F + 21.8 - 118 dBm

' ="24 +' dB
PT F m

SC to EVA Link
Py =120.2 + F + 29.2 -118
31.4 + F dBm -

for "é" Band (2.35 Gc)

EVA to SC Link

P, = 12576 + F + 23.4 -118
PT'

31 + FdBm

SC to EVA Link

125.6 + 7 + 29.5 - 118

P
T

]

37.1 + F dBm
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‘:Assumipg equal receiver noise figures at "L" and ng bahd, the

required EVA transmit power at "S" band is 31-24 7 dB or 5 times
' 'that required at "L" band. The SC power ratio is 37.1 - 3l.4 = 5.7 dB

- or 3.7.

"L" Band is therefore selected for the following reasons:
a) Less power output required
b) Higher DC/RF power conversion efficiency

c) Less multiplication required in frequency generation chains

For a noise figure of 7 dB. The transmitter powér output at-1,25 Gc if
24 + 7 = 31 dBm or 1.25 Watts for EVA

31.4 + 7 = 38.4 dBm or 6.9 watts for SC

The minimum pér channel receive level at the SC regeiQer outéut wiil be

31 - 120.2 - 4 -3 =96.2 aBm )
For an aSéumed i5 dB‘minimum loss betWeen tranémit and receive ahtenna.
' the maximum per channel receivé levei at sc will be;
-96.2 ; 120.2 - 15 = +9 dBm
~ Therefore, where on EVA is at maximum distance ffom SC and nine EVA's
are close ﬁo SC, the total mean péwer at SC.receiver“inpdt is; /

+ 9+ 10 log 9 = +§ +9.5 = 18,5 dBm

The instanténedus to mean power for nine channélsAis 12 4B, therefore
instantaneous power.at receiver input is 18.5 +.12 = 30.5 dBm or ébout
“one watf.v | | | | |

-

Mixers are not‘aVailable to operate at such input power therefore the
- per channel maximum levels must be reduced preferably without a reducti

in maximum range. _
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4.4 MAJOR TRADE-OFF CONSIDERATIONS

4.4.,1 Performance Characteristics

The RF frequencies to be used for the links between the EVA's

and SC should'be selected by considering the following'goalsf

a) Minimum EVA transmitter power to permif.minimum
| battery size,
b) Maximum brotection from EMI primarily from earth-
‘based emitters. |
) Minimum size and weight for EVA equipment.
d)"Omnidifectional antenna patferns for.EVA and

spacecraft.

Minimum transmitter power is achieved by minimizing receiver
noise. figure, propagation loss, and f356i§é¥fﬁai§ehiﬁhdwiath

if only‘thermal noise is considered. Since antehnaigain

~is near unity because of omnidirectional requirements, the
increased propagation loss with an increase in frequency

cannot be combensated by an increase in antenna gain, Noisé
figure decreases as.frequency is decreased, and less additional
noise bandwidth is required to bé added to compensate for
oscillator frequency tolerences. When external noise or in-

ferference is,consideréd, the higher frequencies are preferréd

due to lower emitter populatfon density.
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The selected'approach, therefore, was to assume’representative'.
values of receiver noise figure, noisé bandwidth, propagatibn

loss, cable/diplexer loés, etc., to determine the external

A ]
noise (EMI) which could be tolerated. The tolerable EMI

level could be increased by decreasing receiver sensitivity;
but the EMI plus the lowered receiver sensitivity makes this

approach unacceptable. The bands selected were therefore

based on external noise problems.

The bands sélected were based on data extracted from Inter-
national Frequency List (IFL); which indiéates fhat emission-
free windows exisf at L-band and S-band frequehéies; .Sub-
sequent»analysié of power.requirements indicates the L-band_

frequencies should be used for multi-eva communications.

In order to define the equipmentvcharacteristiés and aéhieve
minimum EVA transmitter power, it was heceSsary to<establish
the receiver hoise figure and noise bandWidth. The SC

receiver configuration has individual éhannel'bandwidths in the
order of 100 KHz;‘and the desired channel separation is abQut

1 MHz. The channel filters should, therefore,AhaVe a 3 dB |
bandwidth of 100 KHz and provide sufficient-rejéction to the
adjacent channéls. Filters such as this require:a relatively
16w center freQuenc& which means fhat the inpﬁt frequenéy must
be down converted. At the frequency selécted, a passive mixer

is required which introduces added loss into the system,.
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The résuiting_receiver ndise figure will set the minimum
signal levels, Intermodulation products will sét,maximum

usable sighal levels,

'Sinéé the condition could exist of one EVA af'é‘lo—mile'dis—
tance and nine EVA's close to the SC,the dyn#mi¢ range required

 _by the spacécraft receiver is excessive, TherefOre,'dn
autoﬁatic power.level control feature is fecommended to over-
come the dynamic range problem, This adaptive power ievel

"control is discussed in detail later in this report.

4,411 ASSUMED SYSTEM PARAMETERS

The following parameter values were used for the system

analysis:

(a) EVA-to-SC informafion béndwidth 75,KHz‘maximum;

(b) SC.information bandwidth 750 KHz maximum.

(é) CNR of 10 dB will result in acceptable SNR.

(d) ‘A margin of 9 dB is imposed.

: This Qalue includes a 3 dB polarization”loss,
assuming linearly polarized antenna on the astronaut
or éxperiment made, and a circularly polarized‘
antenha on the spacecraft; 3 dB for unfavorable'
antenna orientations; and 3 dB for ﬁorét-case
tolerence accumulation for other;equipmént character-

istics.
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(e) Unity antenna gain for omnidirectional pattern.
(f) Additional parameter values were assumed as

required. _
(g) Frequency selection

4.4.1.2 SELECTION OF FREQUENCY BAND

The following values were assumed as representative for the
various frequency bands to be considered. Range is 10

nautical miles and antennas have unity gain. = .

Band | VHF L s X K
Frequency (Ge) = 0.28 1 2 8 13
EVA Cable Loss (dB) 2 2 2 2 2
Receiver Noise Figure (dB) 5 7 7 8 10
'SC Multicoupler Loss (dB) 3 3 3 3 3
SC Cable Loss (dB) 2 2 2 2 2
Carrier-to-Noise (dB) 10 10 10 10 10
Margin (dB) ‘ 9 9 9 9 9
Freq. Instability (&%) ' .005 ,005 ,0025 ,0025 ,0025
Required EVA Transmit Power

Without AFC (Watts) 0.02 1 5 314 - 2000
With AFC (Watts) - . 0.02 0.4 1.5 27 110 .

bThese transmitter powers are based on receiver thermal noise
only and show that due to lack of antenna gain, the VHF band

results in mininum EVA power, Since the orbiting spacecraft

4-36



may be in an orbit as low as 200 NM in altitude above - the

, éarth, and the maximum EVA/SC separation range is 10 NM,
fhere_is only a 26 dB_pdwer advantage of an EVA-to-SC link
over én earth-to-SC link due to this range differential,

For a 15 dB ratio in desired-to-interference ratio (where
the interference is an integration of all likely'“in—band"
sources) in the receiver IF bandwidth. Thus, the integrated
interference (RFI) from terrestrial sources in the reééiver
bandwidth must be less than 26~15e11 dB above the EVA/SC
tralsmitter power. For EVA power of 27 dBm, the RFI level

should be less than 38 dBm.

From.LES-S:and.LES—G data the RFI power levels in 255 to 315 MHz

: range_were_é f§ 32 dB above the required 38 dBm.‘ Electromagnetic

Compébility Analysis Center (ELAC) data was noffEGEEiEBiéfwthe
only widebandisource was‘the International Frequency List (IFL)

published by the Infernational Telecommunication Union, which

contains data on earth transmitter sites. Bands from 156 |

to 214 MHz and,386’t0'454 MHz were eliminated because of radars

in these ranges, -

The iFL was used to investigate the span from 450 to 2500 MHz
for effective radiated power spectral density of earth radiated
intefférihg'sources greater than 16 dBm/KHz and a band of at

least 10 MHz, The IFL lists disclosed no 10 MHz bandwidth
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(continﬁoﬁs or in reasonably separated portions) which met

- the interference level requirements where listing showed
emitters, Attention was therefore directed at 'holes" or
empty portioﬁsfof the 450 - 2500 MHz range. Holes wer e
found in the following frequency bands: 1219-1240/1289-1300/

' 2359-2375/2399-2410 MHz.

Based on the above data L- and S- band were investigated

for the EVA/SC communication links,
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- 4.4.2 PHYSICAL TRADE-OFF CONSIDERATIONS

The baseline system has been examined for a standpoint of frequency band, EMI, signal
performance, etc. However, in light of the end use of the multi-EVA System it is
important to consider the applicability relative to hardware, e.g., power drain, size,

weight, what is its impact to Space Shuttle overhead, to the anticipafed EVA missions.

The baseline system was analyzed to evaluate the power, size and weight factor as they _
applled to a VHF, L-Band, and S-Band system. The EVA equipment cons1dered included the
anticipated prime power source based on a four hour mission with a two hour safety

factor. The sizing projection considered a rechargeable configuration for the battery and -

the use of proven space hardware factored for a 1975 type deéigﬁ‘.

Although the VHF equipm.ent has significant problems when considering spectrum and EMI,
it is considered here as a baseline reference so that the difference in weight and power

may be highlighted and its impact on vehicle costs estimated.

MULTI-EVA '
The following tables provide an estimate of the physical characteristics for the EVA hard-
ware. The following guide lines were used in arriving at the values presented. A

1. A four hour mission with two hour reserve.
2. Batteries for the mission should be reuseable. (i.e., rechargeable)

3.  Batteries including cells will be specifically designed for this application. (28V

nominal is .assigned).
4. Antenna is a quarter wave omni mounted either on the set or on the helmet.
5. Estimates are based on known state-of-the art space hardware.

6. Package dimensions 'wefe established by using known subassembly sizes, iterated

* until a reasonable efficient layout was obtained.

7. Thermal isolation is assumed. That is, the EVA package will be responsible for its own

thermal management, such as radiators, phase-change material, insulation and heat sinking.
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In comparing_baseline EVA equipment in the three frequency bands the most significanf

item is the fransmitter, its efficiency and its power level. The need for higher tfans—

- mitter power at higher -frequency is reflected in transmitter weight; thus the lower efficiency
is reflected in the size and weight of the unit case, battery, and thermal radiator. Theée
items account for about 75% of the wei‘ght difference between VHF and L-Band equipment
and over 90% of the difference between L-Band and S-Band equipineﬁts. - New techniques
might decrease the S-Band transmitter weights and improve the transmitter efﬁciency thus
reducing radiator, case ahd battery weight, but correcponding imp’rovem'ents' could also be
projected fbr L-Band. Ohly the use of directive antenna could effectively equalize the

. weight factor, and that approach is unacceptable from other consideratidns.
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EVA POWER BUDGETS

Power Estimated in Watts

" ITEM ' VHF L -Band S-Band
Rec. | 1.2W 1.00 1.00
Trans, 4.2W 12.00 53.0°
Processing | " 1.0 1.0 . 1.00
Regulator _ , 2.5 . 3.0 4.00
Watts/HL 8.9 17.0 - 59. 00

. Watt Hours'
Requirements

for 4 Hr. + 2 Hr. Res. \ 53.3 102.0 3563.00

EVA SIZE ESTIMATES

VHF  L-BAND  S-BAND
Width 7.0" 7.0" 7.0"
Length i 14.0" 8.0" 16. 0"
Height - 2.75" 4,75" , 4.75"

WITH REDUNDANCY

Width 7.0 7.0 7.0

Lengbh ~17.0 11.5 . 19.5
Height ‘ ' 2.75 4.75 4.75 -
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EVA WEIGHT BUDGET

ITEM
Rec.

Xmtr.

Dipléxer
Antenna
Regulator
Processing -
Connector and Wire
Case and Cover
Radiator

Battery

TOTAL:

EVA WEIGHT BUDGET, REDUNDNAT

ITEM
Rec. |
Xmtr.

Diplexelj

Antenna

Regulator
Processing/Tel.
Connector and Wire
Case and Cover
Radiator

Battery

TOTAL:

‘IHHHNNNHNNN

TY.

Weight Estimated in Lbs.
- S-Band
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VHF L-Band

.5 ' 1.7 1.5

.5 3.1 4.5
.25 1.25° 1.0
.25 .25 .25
.25 .30 .45
1.0 1.0 1.0
.75 .75 .75
2.4 40 6.7

.5 1.0 3.0
2.11 3.15 10.3
8.51 Ibs. 16.60 lbs. - 30.45 Ibs.
.~ Weight Estimated in Lbs.

VHF L-BAND S-BAND
1.00 2.4 3.0
1.00 6.2 9.0

50 2.5 2

.25 .25 .25

.50 .6 .9
2.00 2.0 2.0
1.50° . L5 1.5
3.1 5.3 8.6

.5 1.0 3.0
2.1 3.2 10.3
12.45 lbs.  24.95 lbs. 40.55 “bs.



SPACECRAFT coNsIDERATIONs

The "estimate. for spacecraft equiprhent is based on the following assumbtions':
1. Power wiil be supplied by the spacecraft.

2, .vCooling will be supplied by the spacecraft, either air or cold plate.

3. Audio processing and distribution within the spacecraft and for relay to and from

ground is a responsibility of the spacecraft audio syétem.

4., Two antennas are aésumed but antenna cables and power distribution lines are not
included in the estimate because of the range of weight variation dependency on location

within the spacecraft.

5. Sealed désigns are assumed to incréase anticipated equipment operaiting.iife by

restricting the exposure to humidity, salt spray, and foreign part‘ic‘l'éb contamination.

The transmitter weight is a smaller percentage of the total weight. vThe .we‘ivgh‘t penalties
of the thermal controls ,  due to the transmitter are not included hfere since it is assumed
these are supplied as part of the spacecraft. These items are not treated here because
their values are affected by total spacecraft capacity and the t_imé pha'sing.of spacecraft

- electrical and cooling loads. These factors would alter the concltiéion. but would only

increase the differences established by the items considered.
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SPACECRAFT EQUIPMENT ESTIMATED WEIGHT IN POUNDS

ITEM N VHF L-BAND S-BAND
Rec. 3.5 4.5 42
Xmtr. | .75 2.5 1.1
Diplexer 5 1.30 1.1
Antenna 2.0 2.2 - 2.0
Regulator S .3 45 .65
Signal Processor/Commutator | 2.0 2.0 A 2.0
Audio Matrix (10 x 10) - 1.10 1.10 1. 10
Decommutator 3.20 3.20 | 3.20
Case and Cover 2.8 3.056 - 3.8
Cable and Wiring 1.0 1.0 1.0
~ TOTAL: 17.15 21

.30 26.20

SPACECRAFT REDUNDANT EQUIPMENT ESTIMATE - Weight in Pounds

34.30 42. 60 ' 52.40 -
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CONCLUSIONS

Figure 4-4 displays the restimated communication system andv subsystem weights. Although
weights were estimated for three frequency points and although projection beyohd these
points is risky, it is safe to conclude that the higher the frequency the greater the weight
penalty, and it becomes prohibitive if pursued much beyond S-Band. VHF provides a
30.8 ‘lb._ weight advantage over L-Band but is not recommended froxh a Speefrum and
'EMI point of view. As L-Band system would provide 24.4 Ib advantage over an S-Band
system and no forseeable technique advancement would significantly remove the

advantage. On a weight projection above, not considering the spacecraft power penalty
the weight overhead cost advantage of VHF over L-band for space shuttle is about 10
million dollars. This is based on a $32,000 per pound penalty .on the Shuttle program
(delivery int_e orbit of ali Multi-EVA hardware plus spares) spread Qvef 100 missions.
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" SECTION 5

DETAILED REQUIREMENTS

The candidate system has been analyzed for functional require?
‘ments, frequency allocation, frequency assignments, signal per-
formaﬁce, dynamic range, interfaces and physical applicability.
The‘resultS-of‘these analyses are collected aﬁd‘organizeq'as re-
'1ateé to Spacé'Shuttle applications.' The organized matériallis
arranged as preliminary specifications'as part of this report.
Appendix A conﬁains-the EVA backpaék‘portion énd Appendix B the

Spacecraft portion;'

These sgégifications are intended to provide the detailed‘
requirements But'have been organized in a préliminary_specifiéa-
tion fqrmat to provide a basis for preparationvof=é'fina1 document.
This final doqument will be dependent on detailed infofmation‘
relative to the Space Shuttie - EVA mission profile, signal inter-
faces bdth internal and external, méchanical and ﬁhermal inter-

faces and weight-power paylbad restrictions,
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* SECTION 6

DESIGN APPROACH

6.1 PRESELECTION

Tor small RF chénnel spacing, a mﬁltipole filter desigﬁ
'is required for chénhel selection, Yor bandwidths of appfox-’.
imately 100”KH2, crystal filters in the frequency rahge of
5 to 40 MHz are practical., A contiguous or cqmb:filter is
morebpracficalvih the range from 20 to 35 MHz.. For single-

conversion receiver design:

RF | | Mix || 1F | |DET
_ 30MHz

—
LO

the image response is at:.

Fpp +2F

IF FRF + 2(35) = Fpp + 70 MHz
the low-side LO injection,
FIM = FRF - 70 MHz
Fpr = = 1180 MHz

1250 MHz, Fry = 1250-70

Ga

Fpe ~ 2350 MHz Fpy = 2350-70 MHz = 2280 MHz

The preselector (receive portion of diplexer) should reject

the image, transmitter,'and local-oscillator frequéncies.

Y b . »
T
o
. : |
. ‘ i
| - |
I
; |



The following parameters are asSumed for compariSon‘purposes&

Band ,EFR EIN FT
L 125045 1180+5 1300
S 235045 228045 2400

- BW

0.1 dB = 10 MHz

At L-Band = BW_ = 2 (1300 - 1250) = 100 MHz
BWy = 2 (1255 - 1180) = 150 MHz

At S-Band  BW, = 2 (2400 - 2350) = 100 MHz
BWy = 2 (2280 - 2355) = 150 MHz

W

B~ 100 - 10

B¥.1 1 |

Biy _ 150 - 15

B¥.1. 10

The required attenuation at transmit frequency (X), and atten-
uation at the image frequency (Y)Vmust be known to determine

the filter complexity.



A‘spurious reéponse réjection of 80 dB is typical; therefore,v
assume Y = 80 dB, To reduce the level of a 2-watt (+33'dBm)
transmitter to a level of -20 dBm which should not overload
the receiver; fequirés an attenuation of 33+2O =453 dB;

therefore, assume X = 50 dB.

Therefore: BWg, _ Bng :

BWp,1 10 . By Y
For:
Yp - 0.1 dB (i.e. Ripple 0.1 dB)*
Vy
B¥so BYgg By 3  BWso  Blgy
3 6 19.2  0.72 8.3  26.6
4 3.3 8 0.83 4.0 9.65

‘Therefore a minimum of 4 poles is required.

Local oscillator is 35 MHz from desired frequency:

therefore{ ‘
B¥o.a 10

*Reference Data for Radio Engineers, Fourth Edition, page 193



For 4-pole filterf

BW. BW,

|
|
l

BWp,1 BW3  BWp

BW ' BW
X

= =7 “.o.l =7 (0.83) = 5.8
BWg Bl

Therefore: X A7 68 dB.

To keep local-oscillator radiation at antenna 40 dB below

‘1 pv or -107 dBm , the local-oscillateor power must be
limited to -107 + 68 + X = -39 + X = isolation between mixer

local oscillator énd RF parts.

For X = 30 dB
Max LO power =-39 + 30 = -9 dBm
If LO power is higher, additional isolation is required in

the mixer or a more complex preselector will be required.



Previous estimates of the number of resonatorsvor_poles in
the preselector were based on selectivity characteristics.
The minimum insertion loss may be less if additional poles

are used.

Figure 651* is~based on approximations such that.the
accuracy will increase as (LA)s increases ahd as the pro-
duct QuwS increases in size, It shows that for minimum -
passband loss, the number of resonators is detefmined by the
‘required reject'band attenuation; This decreased passband
loss'ié achieved at the expense 6f increased volume required

by the added resonators.

*Miérowave Filters Impedance - MatEhing'Nefworks,_and Coupling

Structures, Mattihaei, Young, Jones, 1964, page 679.
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‘ * BAND-PASS FILTERS DESIGNED FROM EQUAL-
ELEMENT PROTOTYPES

Microwave Filters, Impedance - Matching Networks, and
Coupling Structures by Matthaei, Young, Jones, 1964.



6.2 - CHANNEL SELECTION FILTERS

Assume two-step channel selection:

(a) Two-pole (0.1) db ripple) comb filter to keep insertion

loss low before IF gain.

(b)'.Remaining filtering (reject adjacent channels))after some -

IF gain.

Assume total noise BW of 150 KHz. Use comb filter BW 1dB = 150 KHz

Post amplifier BWo4p =

For two-pole 0.1 dB ripple
what is attenuation? *

BW; _ BWx 2
—~ =075 — =

BWg B¥s  BW;/0.75

X = 29 + 12 = 41 dB

150 KHz

BPF and BW; = 150 KHz,at BW of 2 MHz

BW1 0.15

At BW = 4 MHz, BWx = 4(0.75) = 20
BWy T 0.15

X =29 + 12-+ 12 = 53 dB

At BW = 6 MHz X =29 + 12 + 12 + 12 = 65 dB

Therefore for desired signal at 0 dB

Channel n @
Channel (N-1) & (N+1) @
Channel (N-2) & (N+2) @

Q@

Channel (N—3)'& (N+3)

* Reference Data for Radio

0 dB o o

--41 dB

-53 dB S
:} 52.75 dB
-65 dB |

Engineers, Fourth'Edition, page 193.



The total power due to channels N-3, N-2, N+2 and_N%B compared

to power in channels N-1 and N+1, is negligible. Total undesired
power is,'theréfore, -41 + 3 = -38 dB above &esired_channel whehA
all channels are at the same input power level. then'adjacent
chanhels are 105 dB above desired signél, an additional attenu-
atioﬁ ofv105-28 =,67 dB is required to equalize desired and

undesired levels. To reduce undesired adjacent channels to noise

level an additional 19 dB is required or 67 + 19 = 86 dB.

For 150 KHz @ 2 dB

‘2 MHz @ 86 dB or greater
For 0.1 dB ripple filter

N =23 Bw86_ _

BW¥ge. _ o, BY¥s0._¢ B¥s6 -9 (2) (2) - 36
Bifg Bi3 Biig.
BW2 _ o.95 BW86 . BWgg BWj
=36 = 38
0.95

Bw86 dB = 38 (.150) = 5.7 MHz

. BVge - 4.8 (2)  BY2 - 0.96
BW3 BW BWg

2
I
RN
o)
=
)
N
It
S
o o

B¥ge - 9.6 = 10
BWo 0.96 '

BW86 =110 (0ﬁ15) = 1.5 MHz



6.3 " NOISE BANDWIDTH

The SC 75 KHz bandwidth must be increased becauseVOfAfrequency
‘iﬁsfability of the EVA transmitter, SC local osciilator,tand
channel éelector filters. For an EVA transmitter stability of'
'10;003% or 30 KHz/GC, at 1.25 GC the receiver'bandwidth must
be increased by 75 KHz'and at 2.35 GC by 141 KHz;‘ The receiver
bandwidth would thus be 75 + 75 = 150 KHz at L-Band and

75 + 141 = 216 KHz at S- Band. SC local-oscillator instability
_ cén be effectively eliminated by use of temperature-controlled
crystals,.and'fhéfdrift of the channel selection filters will

also be small compared to EVA instability.

Based on these noisé bandwidths and previously éssumed parameters,
the following link analysis shows that L-Band is preferred due to

. lower power requirements.

EVA-To-SC Path

1.25 GC 2.35 GC
Propagation Loss (10'NM) (dB) - | r'120.2'1. ~ 125.6
EVA/SC Line Loss (dB) , 4.6 o 4.0
'EVA/SC Diplexér Loss (dB) : : 3.0 . 3.0
Total Loss (dB) . o 127.2 132.6
Receiver Noise.figure (dB) ' 7.0 7.0
Thermal Noise (F=0 dB) (dbm/KHz) - ; 144 -144
Receiver Noise (dbm/KHz) ' | -137 - =137
Rec. Level (19 dB C/N / BW=1 KHz) (dBm) -118 - -118
Transmitter Power (NBW = 1 KHz) (dBm) 9.2 14.6
Transmitter waer (NBW =

6-9

75 KHz) (dBm) 27.9(0.6W) 33.3(2.1W)



EVA-to-SC Path (Cont'd)

1.25 GC 2.35 GC

Transmitter Power (NBW=150 KHz)(dBm) » | 30.9(1}2W)‘ -
(EVA Freq. * 0.003%) (NBW=215 KHz) (dBm) _— 37.9(6.2W)
SC-to-EVA Path .
1235 GC 2.35 GC
Propagatidn Losé;(lO'NM) (dB) | 120.2 : 125.6
EVA/SC Line Loss (dB) | | 4.0 4.0
- EVA/SC Diplexer_Loés (dB) _ SQOv .1. - 3.0
 Total Loss (dB) o 127.2 .132;6,‘
Receiver Noise Figure (aB) 7.0. 7.0
Thermal NoiSev(dbm/KHz) o . -144. | _144'
R;ceiver NOisé (dbm/KHz) o -137 | —137
Rec. Level (19 dB C/N/BW=1 KHz) ~118 ~118
Transmitter Power (NBW=1 KHz) (dBm) V 9.2 ' 14.6
(NBW=750 KHz) (dBm) 37.9(6.2W) 43.3(21.4)
Transmitter Power (NBW=800 KHz) (dBm) | 38.5(7.1W) -

(EVA Freq. 10.003%) (NBW=890 KHz) (dBm) -  44.8(30W)

The EVA transmitter frequency instability could be compeﬁsated‘by
the hse of signal seeking automatic frequency control in the SC
receiver. The AFC control must be derived after éhannel Seleqtion;

two possible configurations are shown in Figures'ﬁ—zland 6-3. :

The principle problems associated with signal seeking AFC are:
(a) Lock on adjacent channel instead of desired channel.

(b) Complekity
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6.4  RECEIVER NOISE FIGURE
Figure.6~4'shows two receiver configurations withibarameters

. designated which determine the receiver noise figure.'

The'first'configuration provides filtering ahead of the first gain
- element, so thaf‘only the mixer is exposed to all 10 input carriers._
This should result in the mixer characteristics determining dynamic

range. .

The‘second configuration exposes the mixervand IF.amplifiér to all
10 channels; therefore, both will generate intermodulation products
which Will limif the dyhamic range. _Investigatidh'éf variéus
_vappfoaches to high dyhamic.range has illustfatéd that diode mixer
‘circuits'can be made having overload’chéracteristic'superior'to_‘_
solid—étate amplifiers. Modern Schottky - barrief diodes in
balanced mixefs, ih_the frequency range being considered, have
conversidn_loss of about 9 dB when.measured in a 50-ohm syétem.

The noise figuréfis usually ho‘more than one 1 dB greatér than

the conversion léss,aaﬂdthherefore, approximately equal.

IF filter insertion loss will be set by filter chplexity. 3 dB
'is assumed as a conservative estimate‘for a simple filter, 6 dB

for more complex, and 10 dB for most complex.

Amplifier noise figures of 1.5 dB are assumed which may be too
optimistic, since filters precede the amplifiers‘which results
in a-potential conflict due to:
(a) Most filters require a matched output ih order to
obtain desired selectivity.
(b) An.IF amplifier must be optimally mismatched to obtain

the minimum noise figure.
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Fi - Lo Gz - Lag Fs‘

AMP BPF -AMP/LIM

1 BPF

TTTTT

Lo .

@ Frot=Fi+Lila-ND+L L2 (F3-1+Lit2 (Lg-1)+ Litala (Fg-1)

G3 Gz
Fi. Fa L3 Fa
Ly G2 v
—- AMP/LIM
aMP  |—{BPF |=
Aamp/LM |
Lo

® FTo"r-= Fi+L(Fa=)+La .(L3-l)+LIL3(F4-I)
: o . Gy’ G

Figure6-4. Channel Filter Coiiﬁg'urations;f



From the equations in Fig. 6-4 and the following assumed values
of the various parameters,

For configuration (1)

9 dB (X8) 'Lp = 3 dB (X2) Gg = 10 dB (X10)

=
-
t

~ F = 10 dB (X10) F3=Fg=1.5 dB (X1.41) Ly = 6 dB (X4)

19 + 8 (2-1) + 8(2)(1.41—1)'+ 8(3) (4-1) + 8(23(4) (1.41-1)

Fiot =
= 10 + 8 + 6.55 + 4.8 + 2.62
= 31.97 |
i

15 dB

I

~ For configuratiqn (2) .
F) = 10 dB (X10) Fy=F,=1.5 dB (X1.41) Lg = 10 dB (X10)

Ly = 9 dB (X8) Gy = 10 dB (X10)

10 + 3.68 + 7.2 + 3.68
= 24,56 '

13.9 dB - : : .



6.5 MIXER CONVERSION LOSS

Conversion loss within a.diode-mixer is a complex process due

to the hénélihear'nature of a mixer. A broadband mixer produces
a_multitude-of fréquency terms, most of which arevundesired, and
thé circulation of these unwanted currents through resistive
.source, oﬁtput,‘and pump impedances produces powér losses
chargeable to the-mixing process. It is these losses which are
-respoﬁSible for the above quoted conversion loSs_figures; plus
the resistive losses assOciéted with the various currents

circulating through the diodes.

A techhidue'éxis£s_Whereby essentially onij'the'desired sign#l,
locai-osciliatof, and-IF currents are dllowed to circuléte in
théir'respeétive source and load resistances_with'the remaining
undesired fréquencies'(or at least the larger amplituée of these)
ferminated at the Qérious ports with loséless reactances. This.
mixer configuration is commonly referred to as an image-terminated
mixer, and is discussed analytically in a number oflbooks and

technical papers.*'

The doubly-balanced mixer is to considered on the,basis of its
superior dynamic range, especially When_selected_diode quads.are

used.

The analysesAshowhthe expected theoretical convefsiqn losses of
ddubly-balancéd mikers for various frequency—dependeht termination
impedance at the signal,.image, and output ports. (Signal and
image ports are physically identical but mathematicallj séparated

for analysis.) Of the multitude of possible configurations of

* See bibliography



the ring type miker are shown to provide minimum theoretical
conversion ldss; These require signal input and output frequency-
'dependent term1nat1ons providing an open circuit at all undesxred
frequenc1es at the input port and a short circuit at all unde51red
frequencies at the output port, or the converse. Of the two choices,
the first,eonfiguration is the more practical. Other analyses
indicate that this configuration also minimizes the additive noise

of the mixer.

‘To provide the required termination condition, bandpass filters can
'be used at each port_to pass the desired frequencies unperturbed
and blbck the other fefms with purely reactive terminatiohs'which

csn:be adjusted in magnitude and phase ét'the mixer terminals.

: Ah indication‘of_the performance of such a circuit at UHF was
obtained as pert'of another contract. An'experimehtal mixef'was
fabricated by initially using the-components of ascommercial Lorch
m1xer, and later using a matched Solitron Schottky d1ode quad when

it was recelved

The cirCuif tested is shown in Figure 6~5. The input.transformer
is the one used<in a Lorch FC-200 unit; The output transfermer

was designed to resenate at the IF output, 70'MHz,-end the-cQupling
was adjusted for besi conversion efficiency. The output load
impedance found best for minimum loss,'with a 200-ohm effective
drive impedanee, was about 406 ohms. This agrees well with the_
theoretical factor df 2.47 given by Caruthers for the rafio of

load to source resistance for optimum’conversiOn, using terminations
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of an input open circuit at the image frequency and an output
short circuit at ‘other than IF. The output IF tank circuit
appears as a low:reactance at all but 70 MHz, thus fulfilling

the output termihating condition.

'The’signal.input bandpass filter provides a reactive impedance

#t the_image frequency when viewed from the mixer signal términals 
_(assuming thetbandpass does not extend into the imége frequency),
By adjgsting.the-léngth of transmiséion line betﬁeen the filter
1.and mixer, the 1mage frequency 1mpedance seen by. the diode quadl

' cah be made to appear»as an open circuit as requ1red A tunable
lab f11ter, Telon1c ITF-250-5%3EE, having a 0. S5 dB 1nsertion loss,

was used for th1s unit.

It'is_shown in the'references that it is most important to prévide
‘this termination c¢ﬁdition at the image frequency. The other
frequency term bf interéstiis the sum of'input and pump frequehcies.
Both sum and image are potentially of_equai magnitude, but the diode
Abarrier:capadity tends.to short the higher frequency suﬁ term, thus
'reducing:its impo?tance. If both terms were equally lérge, if would
be‘désiraﬁie fo provide an open circuit termination at.both frequen-~

cies to minimize losses.

Tests wére made at 290 MHz signal frequency, and-tﬁe circuit wés
adjusted for hinimum loss using a swept input signai.' The minimum
conversionbloss attainable was measured as an insértibn loss of
3.5 dB, including 0.5 dB fiiter loss. Therefofe, the conversion
loss attribufable to the'mixer alone is 3.0 dB, an improvemént'of

about 5 dB over a broadband mixer.



To investigate bandwidfh possibilities, a fixed-tuned Telonic
 TBF-290-20-4XX2 barrel filter (20 MHz bandwidth, 290 MHz £ )
was used in plaée.of the tunable unit. Under these conditidns,
the cngersion»ibés of the mixer alone varied from 3;4'dB,aqrossv
the 280-300 MHz béndwidth with the line stretcheriset fbf:optimum

passband.
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6.6 UPCONVERTER OUTPUT”FILZEEMN’

1335
+85 15

1250 35 Xfm= === == == -
11420 15 - , | o

Pass 1250 + 5

Zh-— ——
Reject 1420 + 95

1335 . | |

l B S .
85 25 85t S5 leso0 133§ 1420
_ . s xS

‘P, =1250 . BWg = 2(335 - 1250) = 170 Mz
. | | BWy = 2(1415 - 1250) = 330 MHz

BW, . = 10 MHz v

l

BW, = 2(1250 - 85) = 2330 MHz

For_mixef Lo @'+2O dBm and isolation of 20 dB L, @ output port
will be +20 5.20'= 0 dBm, For mixer with Z'dBICOmpression at
'+19 dBm assume conversion loss of 11 dB. Desired signal will

be +19 - 11 = +8 dBm.

For L, signal A" dB bélow #8, the filter must provide A dB of "~

attenuation. The value of A can be set. by spurious. output re-

quirements of transmitter,
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For A = 60 dB BWX = BWGO'

- Filter complexity will be determined by:

‘BWg 1 10 MHz
BWgo = 170 MHz

BW60/BWO;1 = 17

For 0.1 dB ripple filter

BW, 1 /BY¥g | 0.52 0.72
_ BWgg /BWg  4(7.5) 2(4.3)
BWgy /BWg 4 o 58 12

Therefore, three poles will be sufficient,



6.7 LOW-NOISE AMPLIFIER AND FILTERS

The - IF amplifier design is one of the more critical circuits' of a‘system' without RF
amplification. Since the preselector and the mixer introduce loss into the systém,v it

is most critical thaf the IF display the lowest possible noise figure. The dynamic

' range of the IF amphfler should also be comparable to that of the quad mixer so that
the amplifier does not degrade the performance of the overall system Low—n01se :
figures on the order of 1 dB have been obtained with both bipolar ‘and FET amplifiers.
The FET amplifier displays significantly better dynamic range than the bipolar amplifier

'- and, therefore, is fii'st considered for this task.

The filter between the mixér and the first gain element must also ‘have extremely low
loss since its loss will add directly to the overall noise figure of the system. A crystal .

filter 'Was chosen due to the high unloaded Q of its ‘elements.

Preceding the I'F"amp.l'ifie,r witﬁ.a ‘crystal filter presents a orobleiri:' a oormélv crystal
filter requires a matched output in order to display its propei' passbahd characteristic.
An IF ampliﬁer must be optimally mismatched to display its best noise figure' It io

believed that a filter can be designed which operates into the high-impedance load of an

FET while dlsplaymg a lower impedance source to that transistor.
The following res_ults_were‘obtamed durmg the design on another confraCti

Fo = 17 MHz
BW @ 0.5 dB
BW @ 30 dB

i

+ 75 KHz min,

)

+ 150 KHz max.

([

P.owef Loss - 1 dB max.

This filter plus a cascade amplifier provided a measured noise figure of less than 2 dB.
A typical specifioation for a crystal filter meeting the'requirements '

for this application, is contained in Appendix C.



6.8  SPACECRAFT SIGNAL LEVELS

IFor a noise bandwidth of 150 KHz the thermal noise will be!

. = - 4

P = Fyn 1144.1 dBm/KHz + 10 log 150
= Fyp - 144 + 21.8 -
= Fgp - 122.2
For 19 dB C/N, the received signal level will be:

P =F. _ ~-122.2 +19

| sdbm dB .

= FdB - 103.2

For configurations shown in Flgure 6-4,

For @ PS
@_Ps

These power levels must be prov1ded when propagation loss is 120 dB ‘When loss,

15 - 103.2 = —88 2 dBm min.

13.9 - 103.2 = -89.3 dBm min.

" decreases to 10-20 dB at mlmmum separation, the above levels will increase by 100 - 110 dB.

Thus, the single-carrier power level at the mixer input will vary as follows:

For () -88 to +17 dBm
@ -89 to +16 dBm

For nine equal level S1gnals the total power will be 10 log 9 or 9 5 dB above each signal.
Assumed ‘gains and losses are as shown in Figure 6-6.
In @the f1rst BPF rejects adjacent channels by 41 dB therefore, at the filter output

each ad]acent channel signal level will be:

+17-9-3-41 = -36 dBm (Two channels -33 dBm)

While the desired signal level will be: »
-88-9-3 = -100 dBm o |

The calculated leve_ls are also shown in Figure 6-6 for amplificati_bq before filtering.
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6.8 (Continued)

In (@) the degree of small signal compression in the presence of high-level signals and the
‘ intermodulation products due to high-level signals falling in thé’ weak. signal- band, will be
determined almbst entirely by the mixer linearity, since the first bandpass filter will

effectively eliminate all channels ‘except for the desired and two adjacent channels.

In@both tf;e mixer and amplifier are exposed to all signals aﬁdv_have approXimateiy equal
power 1evels.‘ The mikei‘ signals levels are, however,' about 1 dB lower than in @'due to
the lower system noise: figure. The mixer in either case must accept a total signal input ..
deer }of_ 4—27 dBm and simultaneousiy pass a low-level signal of -88 dBm. This wili B
require a 10¢él-oscillator powelx" in.the order of +30 dBm or 1 .watt' to maintain linearity

of conversion loss.



6.9  INTERMODULATION PRODUCTS | ,
| Third - and fifth - order intermod products fall close to the desired passband, and

therefore can cause ivn-_terferenc‘e. The third-order products are usualiy higher in level

than the fifth order.

Third-order pfoducts are of the form:

AL
and f =f +f -f
E x a b ¢
where .'fx is the intermod frequency
,and o -fa.’ f'b’ fc ?re the original freguenmes..

For equzi_l channel separation of AT starting at frequency ‘fo,

f, = fo'i AF

fb =f +2AF

f(‘:' =1, * 3.A F
for A2fa'_- [b products

2 €t AR - t2AF=1
for | .‘ fa + f.b - £ products
_s(fq *OF) + () +2AF) - (f, * 30F) = f, -
Thus channels N i 'l.and N + 2 produce channel N as do chan’ne:is ‘N + 1 plus N i 2 plus
N + 3. '

To avoid on-channel intermodulation products in a multi-frequency system, the allocation
" of channels must be based on a technique of staggering where the spacing between any

two channels is not repeated.
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6.9 o (Continued)
The following table shows an example of third-and fifth-order intermodulation avoidance.

Channels - = Channels Operating Channels having no on-channel 3rd

Required . Available order intermodulation interference
3 4 1,24 o
4 7 1,2,5,7
5 12 1,2,5,10,12
6 18 1,2,5,11,13,18
7 26 1,2,5,11,19,24,26
8 3  1,2,5,10,16,23,33,35
9 46 1,2,5,14,25,31, 39,41, 46
0 - 62 1,2,8,12,27,40,48, 57, 60, 62
1. 78 1,17, 18,24, 28, 43,56, 64, 73, 76, 78 '
Channels Channels Opex"at.iné Channé‘ls“hé\'rin;g no o.n.-’c}'iainn'él 3rd
Required Available and 5th order intermodulation interference
8 BT 1,2,8,12,27,50,78,137

If 10 channels are to be limited to a bandwidth to a bandwidth of_-iO-MHz, then to avoid th
third-order products 62"channe1 assignments are required and ‘oniy ‘10 are used. The

channel spacing is reduced from:

10 MHz = 1.0 MHz to 10 MHz = 0.16 MHz, or the bandwidth increases to
10 . 62 ' S _ 3

62 = (10) = 62 MHz
10 |

" Thus the channel separation filters become quite complex or the 10-,chanr;el bandwidth be-

comes excessive. S .

6-28.



7

6.10 - _REDUCTION OF DYNAMIC RANGE

, i :
Dynamic range can be reduced by lowering maximum power per channel and by

. reduction in the number of channels.

A high—ievel mixer is the Lorch Model FC-2342/235Z which has the following character-
istics for L-band .operation:v ) | '
| - Noise Figure: within 1 dB of conversion loss
Conversion Loss: 9 dB
Nominal Lo Power:. +20 dBm
Cbmpfés_sio_n Level (-2 dB): +19 dBm
-Two-Tone IM
- .—.30 dBm =~ 3rd order: 130 dB
each tone./ 5th order; 135-dB -
0 dbm ‘} 3rd order: 70 dB

each tone 5th order: 75 dB

For third-order intermodulation products equal to the minimum channel leVel, the products
must be down by an amount equal to the dynamic range of 105 dB. Since third-order
products are reduced 30 dB for each 10 dB reduction in each of two input signals, the

relative change at the output is 2 dB per 1 dB change.

- Thus if two 0 dBm signais produce products 70 dB down, then for 105 dB the input

levels must be reduced by

105 - 70 = 35 & 17 dB or to -17 dBm per tone
2 2

Two tones at -17 dBm each produces an instantaneous power of -,17 dBm +3 +6 = -8 dBm

If this level is not to be exceeded for 10 tones, then per-channel level must be limited to

-8 dBm -10 -13 = -31 dBm.

If third-order products were reduced to noise level, rejection must be increased by 19 dB,

which will limif_maxirximn per channel level to -31 dBm - 19 = -41 dBm
: > _ A
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6.10 . o (Continued)
- From the level diagram the calculated per-channel level for 10 miles is +17 dBm. If

‘this is reduc_éd to -31 dBm, range will be

20 log 10 = 48 - 10 = 250

X X

log 10 = 2.4 X +10 =0.04
X 250 -

for -41 dBm, range will be

20 log'10 = 58 X =10
X 800

0.0125

]

This reduction in -range is. not acceptable; therefore, alternate_methods of reducing dynamic

-range must be -considered.

When:the' first gain _stage is exposed to all 10 channels and the maximum per channel
level is limited to -31 dBm, then the per-channel input level will be -31 -9 = -40 dBm
for a 9 dB mixer loss. The instantaneous peak power for the channels Will. be

-40 + 10 +13 = -17 dBm

For two channels and the same peak power, the per-channel level will be

-17 -3 -6 = -26 dBm

The power outputs of third-order products (P3) is equal to 3(I-F) dB below the intercept
‘point, where I and F are the values of the intercept point and fu_ndaméntal ‘signal lev'els,’ ex-

_pressed in dBm.

For P3 = 120 dB

F = 26 dBm + G where G = Stage gain

I =1/3 P, + F = 1/3 (120) + (-26 +G) = 14 dBm + G

For the gain of 10 dB assumed for noise figure calculations, . ir';tercept point for IF
amplifier exposed to 10 channels will be

14 dBm + 10 = 24 dBm
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6.11  ADAPTIVE EVA TRANSMITTER POWER CONTROL

- The dynamic range required of the SC receiver can also be reduced by .control of the

EVA transmitter. power output.

When th:e EVA-to—SC ‘separation is large, the received signal ieVel at EVA receiver

‘will be low. This condition is sensed and used to set the EVA transmitter power to the
maximum level required for EVA-to-SL link, When the EVA-to-SC separation is minimum,
the EVA receiver level is high, and this condition is sensed and used to reduce EVA

- transmitter power output _In theory this adaptive power control would result in constant
power at to SC from each EVA independent of EM—to-SC separation. From calculations

-of max1mum signal levels wh1ch can be tolerated for a state- of-the art mlxer, the dynamlc |

range must be reduced by +15 —.( 31) = 46 db & 50 db

This requlres that the EVA transmltter power be capable of a 50-dB reductlon from: max-
1mum. The EVA transmltter power could be reduced by bypassmg the PA and then switch~

ing in an attenuator The power control sequence could be as follows:

1. When EVA/SC range decreases from 10 ntiles' to 1 mile, EVA and SC

receive levels increase by 20 dB if transmitter‘power remains cons_tant.

2. This 20-dB increase in EVA receive power is sensed, and causes
EVA transmitter power to decrease by, say, 10 dB. This will result in
'a.'10¥dB' decrease in SC receive level, resulting in SC input power change

of only 10 dB for the 10:1 range reduction.

3. When EVA/SC range changes from 0.01 mile to less than 0.01 mile,

the EVA and SC receive level increases by 20 dB or greater _ This 20

. dB or greater increase in EVA receive power is sensed and ‘causes the
EVA transmltter to decrease by another 40 db which w111 decrease SC re-

ceive level by 40 db. This level control is illustrated in Figures 6-7 and

6-8.
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6.12 ' MINIMUM REQUIRED EVA POWER OUTPUT VARIATION

If an RF amplifier can be constructed having an intercept point équal to that of a balanced
mixer, an RF ainplifief should be used to reduce system noise figure and therefore re-
quired transmitter power. The third-order products (P ) will be 3(I- F) dB below the

intercept point (I); F is the fundamental level in dbm.
Thus P-3 = 3(I-F)
- For P equal to’ the dynamlc range which is Pmax - Pmin, then '

Pmax - Pmin = 3(I-Pmax)
'Pmax = 31+ Pmin : L
| Pmin will be détermined by the system noise figufe,' etb;

For an RF amphfxer having equal response at the desired and 1mage frequencles, a f11ter

must follow the amp11f1er to reJect the image noise.

"From Flgure 3-9;.

'F, = F + 36.8
tot Gy

For'F —45dB(x28) G =27 dB (x 500)

- Ftot =2.8+ 36.8 =2.8 + 0135
: 500 :
= 2.87 ,
= 4,
Ftot GdB ‘

From previous calculation (pafa. 6.8 ) the minimum carrier level fdr'.SNR- =19 dB, ete.

| ‘Pmin = FdB -103.2 dBm | |

For F =

Pmin = -98.6 dBm

31 + Pmin = 3I + (-98.6)
4 : 4

0.75 I - 24.7

Since Pmax
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6.12 ’(Cont‘inued) '
For an amplifier with I = +20 dBm

0.75 (20) - 24.7
15 - 24.7

1l

Pmax

]

-9.7 dBm

Two signals each at -9.7 dbm, produce an instantaneous power of

-9.7 dBm +3 +6 = -=0.7 dBm

In order for the channels not to exceed -0.7 dBm, the per-channel 1¢Ve1 must be less.than
-0.7 -10 ~13s-23.7 dBrm ‘at the amplifier output. The input level will therefore be 27 dB
below -23.7 dBm or -50.7 dBm. To prevent maximum signal levell‘from exceeding

-50.7 dBm, provisions must be made in the EVA transmitter to'-‘reduce powei' by -50.7
~(-98.6) = 47.9 dB. ' | |

This reduction in dynamic range from 105 dB to 48 dB aléo permits use of less complex

channel selection filters.

A level dia‘gram for this configuration is shown in Figure 6-10, The EVA-to-SC link

analysis is given in Table 6-1,
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. TABLE 6-1, EVA-TO-SC LINK ANALYSIS

1.25 GC 2.35 GC

_ Pr(;pagation Loss (10 v'mm) " (dB) '_ 120.2 125.6
EVA/SC Line Loss | ~ (dB) 4.0 | 4.0
" vE'VA'/SC_‘Diplexér Loss - @B) 3.0 30
 Total Loss | (dB) 127.2 - 132.6

Thermal Noise (F = 0 dB) (dBm/KHz) -144 -144
Noise Figure o - . (dB) | 4.5 | 4,5
Receiver Noise . (dBm/KHz) -139.5 . . .-139.5
Rec. Level for 10 dB CNR | @Bm/KHz)  -129.5 -129.5
_Rec. Level (9 dB margin) ~ (dBm/KHz) -120.5 - . - -120.5

Total Loss - o o127.2 132.6
Transmit Power o ' (dBm/KHz) ‘+6.7 ' S +12.1
EVA Transmit Power (‘BW = 75 KHz)  (dBm) +25.4 _+3‘o.8
EVA Transmit Power (BW = 150 KHz) (dBm) | +28.4 (0.69w) -
(EVA Freq. +0.003%) (BW =1216‘ KHz) (dBm) - +35.4 (3.5w)
SC Transmit Power (BW = 1750 KHz) (dBm) +35.4 | %40.8 '
SC Transmit Power - '("B_W = 800 KHz) (dBm) +35.7 (3.7w) . -
(EVA Lo +0.003%)  (BW = 890 KHz) (dBm) -  441.5 (14.1w)
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6.13 SC-TO-EVA LINK

:This link is subject to the assumed 105 dB variation in
receiyéd powef level, since the EVA receiver is.subject to

a single cérriep, instead of a multiplicity of carriers.

' Automatic‘géih,controi(AGC)éan be used to prevehf'receiver'over-
load. Tq-minihize SC transmitter power requirements, the

EVA receiver noise figure should be minimized.

Figure 6-11 illustrates the levels which would exist for
vlinéar operatipn with and without an RF amplifier. ,Thé
noisevfigure is‘degr5ded 9 dB when_an_RF amplifier isvnot
uséd, which rgduifes that the SC transmit power‘be inf'

creased by 9 dB (X 9.5).
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6.14 SC_CONCEPTS

Figﬁré 6f12_shows the transmitter consisting of a VCXO
multiplied ub to the final RF frequency. The receiver local
oscillator is_prdvided by a‘crystal oscillator mﬁltiplied-up
to the required RF frequency. For a frequency deviation of
+100 KHz At the final RF frequency, the deviation relative
to RF frequency is +100 (10) 3/1300(10) © x 100% = +0.008%.
Inéidental FM’can result in a low signal-to-noise ratio dué

to this low percent deviation.

The circuit,shown in Figure 6-13 generétes tﬁe_FM signal at
a relatively low frequency (85 MHz) and is upconverted to

“the final.RF‘frequency; This approach permits use of_a common
local oscillator and'the4percent deviation is i100(10)3/
85(10)6 x 100% = 0,12%,

Figure 6-14 shows the proposed SC block diagram,

6.15 EVA CONCEPTS

Figure 6 15 shows the ‘multiplied VCXO approach wh1ch results
in a percent deviation of +20 (10)3 x 100% = +0. 002%.
Figure 6- 16 shows_the upconverted common loca1_050111ator

. approach which results in +0.02 percent deviation.

Figure 6-17 shows the proposed EVA block diagram.
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SECTION 7

SYSTEM RELIABILITY AND SAFETY

Tﬁis section summarizes the results of the reliability and safety aspects of the study
effort. The reliability and safety factors are presented together because of their |
natural overlap duringthe system evaluation/definition phase. Subsequent phases
'sh_ould focus separate attention on the techniques and specific aspects associated with
reliability and safety, detailed FMEA, reliability modeling and prediction, component/

part selection, hardWa_re and astronaut safety (sharp edges, voltage levels, etc.).

7.1 "RELIABILITY AND SAFETY FACTORS INCLUDED IN SYSTEM STUDY

The purpose of the Multi-EVA Communications System (MECS) is to provide voice
communications between Extra Vehicular Astronauts (up to 10) and the Shuttle Space
Craft (SC) and conversations with other parties (ground controllers other orbiting

spacecraft up to 25 total) and to provide EVA biomed data to the SC.
For purposes of this s'tudy'only the EVA/SC/EVA link was evaluated.

The main objective of the study effort was to determine a feasible system. Part of this
effort included selection of suitable frequencies because of the VHF Bahd restrictions.
In obtaining a' first cut at weight/powers estimates for the selected ‘Li-band frequency
system a single thread system was evaluated. That is, the weight/power estimates
were obtained without any consideration toward reliability/safety iinbrovement via |

redundancy, back-up inodes, ete.

In evaluating the baseline system from a Reliability/Safety standpoint the following

criteria were applied:

1. EVA Transmission to Spacecraft includes:
a. Voice (2 way)
b. Biomed Data
- ¢. Primary Life Support System Status: i.e., Consumables status, battery

.' voltage, pressure, temperature, etc.
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2. The failure of any EVA PRCS constituted a failure of the mission, i.e.,A EVA/SC

communications is mission critical and crew safety critical.

. Based upon the above criteria/assumptions the baseline system was evaluated to
determine suitability; feasibility, alternative operational procedures, back-up modes,

‘and hardware redundancy.

7.2 SYSTEM EVALUATION

A flow diagram of the' required operating modes for the Multi-_EVA Communications
System (MECS) as described in paragraph 1.3.3.1 of Exhibit "A'" is depicted in
Figure 7-1. The pefsonal RF Communicator System (PRCS)_to be used by each
EVA is shown in Figure 7-2. The system as shown Was evaluated first on the basis
of L-Band frequency "impler‘nentation and seéondly from a generic standpoint which is.

independent from hardware implementation and would apply in most cases.

Table 7-1 presents a summary of the critical areas and recommended improvements
including redundant features. The detailed supporting rationale is described in the

following paragraphs.
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7.2.1 _FREQUENCY SELECTION

The system as shown is more or less generic in nature and insensitive to hardware
implementation. When interpreted from the results of the system study several

undesireable implica.tio’n.s are apparent.

The SC receivers as shown in Figure 7-1 are indeed individual to accept the separate
EVA transmission- frequencies but they are not necessarily'indépendent. The L-Band
frequency. selection necessitated a multi-channel filter arrangemenf for separaté IF
channels. The multicbupler shown in Figure 7-1 can actually be considered as a
common receiver RF front-end and the "separate' receivers showh (Rl’ Rz,--“RN)
are the separate IF filters. From a reliability/safety standpoint this is unde_slirable.l
The commbn front-end represents a single-point failure. Also,A the, separate IF's are
not necessarily independent, and a failure of any single IF filter channel would-‘affect all /
others unless sufficient isolation were included via hybrids or other means.

The PRCS shown in Figure 7-2 includes an adaptive RF powerAc_or'ltrol. . This enables
communications with "close-in'" and remote EVAs (10 miles max) simultaneously and is
necessitated because of the L-Band wide dynamic range requiréments. This feature
also presents a potential single-point failure depending upon the failure mode, i.e.,
catastropic or non-cafastropic. Failure could. occur such that a near-in- EVA could
preclude communications from other EVA's (non-catastrophic) or an individual EVA could .
be disabled (catastropic). The non-catastrophic situation could be remedied by an
operatiopal procedure via the SC. The catastrophic failure situation could be. remedied

via a. redundant PRCS or by including the capability to "switch-dut" the failed Adaptive.A
Power Control and following the operational procedure for the non-catastroé\i‘ic failure

mode. This would also necessitate a failure sensing device or a self-test feature.

The L-Band selection, to permit optimum use would require the use of directional antennas.
From an operational standpoint this is undesirable because it would severely restrict

"EVA space orientation. Since directional antennas cannot be used, the resultant hardware
would be bulky and would have excess power requirements and be inherently less reliable

_than a more compact low-power system.
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The inclusion of rédundancies or spare modules, which will be réquired will further

| compound the size/pQwer problem.

7.2.2 . STATUS AND DATA VOICE MANAGEMENT CONTROL (SMC)

The MECS as depicted in Figure 7-1 is essentially a single thread system. As'such _
virtually every point of the system is a single-point failure. Of particular concern is
the Statﬁs and .Data' Voice Management Control. While this function is not défined in

. Exhibit A, it will be required in order to implement the conversation patching/switching

task for 25 conversations, 10 of which may be EVA's.

This function can bé performed manually, autoinatically or a combination thereof. If
automated it will involve a computer system. A preliminary evélﬁation indicates that

the SMC could be executed in terms of four or five plug-in niodules ‘each abouf | ,

2" x 2" x 0.5" using.‘Large Scale Integration (LSI) technology. - Several attractive aspects
could thus be _achievéd’._ LSI technology would permit inclu'sibn_’ of such-_’reliability' féatufés
as error-detection é;nd correction, fault detection and correction (majority voting tech-
niques) and self-test features for fault isolation. LSI technology would permit carrying
spare plug-in modules thus providing extremely high reliability per missions for a very
small or insignificant weight penalty. Although the SMC is not shown as paft of the SC
Communications equipment this is recommended, as it wouid significantly reduce cabling

and routing and would permit use of LSI plug~in modules.

7.2.3 PERSONAL RF COMMUNICATOR SYSTEM

The PRCS as shown in Figure 7-2 is also a single thread reliability system. The single- -
point failure aspects of the adaptive power control portion was discussed earlier under '

Frequency Selection.

In addition consideration should be given to some form of redundancy of the receivers,

~ transmitters, power sources (voltage/regulator) or an entire PRCS.

Parallel redundancy while less reliable than standby redundancy relieves the astronaut of
going through a fault detection, isolation and switching routine.  These could be automated

: !
but the automation itself constitutes a single-point failure which should also be
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designed fail-safe. The decision regarding level of redundancy would also depend upbn
weight limitations. Tradeoffs which would guide such decisions should be accomplished

in later program phases.

'Another approach would be a single PRCS per EVA with spares being carried on the
S.C. There are several constraints associated with this. First the EVA would have to
have the capability of monitoring critical PLSS and Biomed status via visual means
attached to the space suit while returning for a spare unit. Secondly, all PRCS units

should be common for optional sparing.

The last approach considered would be for the EVAs to be working in teams, thus per-
mitting failure of voice communications for most tasks. EVA PLSS/Biomed self-
monitoring would be necessary for this or a redundnat transmitter for data transmittal -

only.

7.2.4 OPERATIONAL CONSIDERATIONS

From a safety standpoint a warning tone should be provided to indicate to the EVA
critical PLSS status (expendable) and Biomed Status. This capability is included in the
existing Apollo EVCS equipment. A

Also frdm an operational safety standpoint the EVA should have a means of locating and
returning to the spacecraft in the event of SC communications failure. This could be
implemented via a separate SC cw transmitter which would put out a constant cw tone

and a pick-off of the PRCS receiver AGC to a variable intensity tone to the EVA.
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SECTION 8
CONCLUSIONS
The study objective was to provide an analys‘is of the NASA "candidate' Multi
EVA Communications System intended for use on programs such as Space Shuttle
 and Space Station. The end product (report) is to provide "an enhanced definition

of, and a confidence in the candidate system, allowing prototype hardware devel-

opment to proceed. "

 To accomplish the objective, ‘an analysis of the candidate syStem'was conducted
resulting in trade-offs in several major areas.‘ First, selection of an av_aiigble
frequency band to accommodate an interference "free' link résvﬁlteAd in L-band for
RF transmission. Signé_ll power was examined to accommodate the IIJ-_band pro-
pogation loss and also the wider bandwidth oscillator instabilitieé. 'I;he spacecraft
communication 1"inks with ""close in" and remote EVA's simultaneously' (Dynamic
Range) resulted in EVA Terminal adaptive RF power control, '-The spacecraft
receiver mult-channel filter IM product analyses led to an unusual selection of
channel allocation within the EVA/spacécraft band and a con;pléx filter céhfiguration.
Finally, the candidate syStém was considered With respect to equipment utility,
commonality, mission usage, physical characteristics, poWef requirements,

reliability and safety, and program costs to the Space Shuttle,

It is concluded that the candidate system accommodates most of the required functions. _
However, certain criteria within the baseline concept do not permit the design of a -

low-cost optimized system. First and foremost, the use of dedicated multiple RF



- channels dictates a frequency management problem, creates Va complex equip-
ment logistics problem ($10 Million Shuttle weight overhead costs), 'and_ impacts

the Shuttle communications systems growth capability.

Second, baselining of-a microwave frequency band (where omni antennas are -

- employed) results in costly and bulky hardware. Directive antennas cannot be
employed here due to the nature of fhe EVA missions. Thus, the microwave band
results in higher prime power consumption because of propa‘gation loss coupled

with omni-direction patterns.

Third, the wide dynamic range dictates the need for adaptivé RF power control which
introduces a serious single-point failure during the most critical portion of an EVA's

" mission (at long range from his base station).

Finally, the overall Multi-EVA system is not consistent with other Shuttle
communications systems, Whereas a common design could allow for modular packages
for communications between Multi-EVA to Shuttle and Shuttle to 6ther spacecrafts*, those

encountered during the 1977 to 1990 time frame,

A method for overcoming the disadvantéges cited here is discussed in the next

Section of this Report,

Data Communications and ranging for rendezvous as required with unmanned

satellites.
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SECTION 9
AREAS FOR FUTURE STUDY

The Multi-EVA .Commun_ications System Analysis Study has highlighted several items
that require further detailed study prior to prototype hardware fabrication. These
items fall into two basic categories, those associated with the L- Band frequency
multiplexed system (FDMA) or the VHF time division multiple access system (TDMA) |
these categories with their associated items are listed below with descriptions of

the recommended effort to be accomplished in future studies.

9,1 L - BAND MULTI-EVA SYSTEM (FDMA)

Operational complexity with respect to the nurnber of EVA's, frequency assignment and
comm channel selection.

Base Station Receiver Design and Breadboard construction

' Receiver/Transmitter compatibility with respect to mﬁltiple signals,

dynamic range and adaptive power control,

Remote automatic operation of the audio matrix for EVA access to Shuttle

ICS and Radio Equipment.

Space Shuttlé Interfaces with EVA Base Station Equipmeht in the areas of:
~ Control ' - |
- IC's
EVA Data Monitoring
Performance Monitoring
On-Board Checkout
Prime Power
Antennas and RF Losses
Power Splitting/Phasing
Direct Pagmg
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9.1.1  Reliability and Safety

FFollow-on phases of the Multi-EVA Communications System definition should include
effort in the area of trade-off studies to support final configuration definition, analyses
to determine‘reliabiiity/safety requirements for redundancies, repair and back-up modes

and requirements definition to guide hardware design.

a. Configuration Definition - Effort to further define the Multi-EVA Communi-
cations System in terms of hardware definition should be accompanied by
trade-off analyses to select the optimum reliability/maintainability for the

EVA Comm mission. Operational criticality will have to be established.

For example, if EVA's work in teams a single EVA Voice Communications
failure may be- tolerable. Also, the hardware execution may permit carrying
two PRCS equipments or the operational situation méy pérmit-an EVA to return
to the SC -for a replacement PRCS. Further, if the EVA's work as teams
each PRCS could have a low power back-up xmit/receiver ‘mode with either

- EVA acting as a relay to the SC. : /

Regarding the spacecraft system a decision to carry spare tunable Receivers or

spare computer modules will significantly effect hardware complexity.

b. Analyses
More detailed FMEA/single-point failure analyses down to lower levels will

be required to permit definition of back up modes and lower level redundancies.

Also Aduring hardware definition/design the selection of components and parts or

design approaches should be based upon achieving optimum reliability.

c. Requirements Definition

As a result of the trade-off and FMEA analyses and componerit/design selection
effort a definition of the system reliability/maintainability requirements should

be developed for inclusion in the system specification.
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9.2 TIME DIVISION MULTIPLE ACCESS SYSTEM

Determine the optimum system configuration relative to channel loading, earth based

EMI, pulse width and repetition rate, guard channels, and flexibility to allow for

expansion,

Analyze synchronous vs non-synchronous techniques. Determine frequency selection,
separation between transmit and receive channels, and trade-off diplexing vs. ‘T/R

switch.
Perform a duty factor.trade-off to optimize link performance vs. input power drain.

Analyze applicable data redundancy coding techniques (assume 19.2 Kb/sec is baseline
to be compatible with SGLS requirements)., Trade-off delta modulation techniques
such as delta mod, delta sigma, variable slope, to determine optimum performance

vs. complexity.
Determine methodolog'y for implementing EVA range read out.

Determine methodology for universal TDMA application toward other Shuttle functions
such as S/C to S/C voice and data, S/C to S/C ranging, multi-spacecraft and multi-

- EVA environment.

Investigate applicability of a TDMA scheme to TDRS to overcome‘multi-path, a voice

data link, employ range measurements for S/C's.

Evaluate use of ATC 100-watt radio components (e.g., ARC-152 for use as S/C

equipment because of higher duty cycle required.

Synthesize a multi-purpose TDMA comm system which employs a single TDMA tech-
nique to accommodate all S/C and EVA functions for voice, dafa and ranging to en-
compass the following: |

ORB/OSV

ORB/EVA

ORB/TDRS

Select an optimum TDMA system, define the requirements, develop and demonstrate a

breadboard.
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EXHIBIT A

PRELIMINARY

SPECIFICATION

FOR
PORTABLE RADIO COMMUNICATIONS SYSTEM
(PRCS)

(RART OF MULTI EVA COMMONICATIONS SYSTEM)
30 JUNE 1972




1.0
2.0

3.0
3.1
3.1.1
3.1.2
3.1.3
3.1.3.1
3.1.3.2
3.1.4
3.1.5
3.1.6

3.1.7

3.2
3,2.1
3.2.2
3.2.3

3.3
3.4

TABLE OF CONTENTS

SCOPE
GENERAL

OPERATION (Reference Figure 1)
Transmiésion |
Voice |

Frequeﬁcy

VOX |

Vox Attéck and Release Time
VOX Sensitivity

Automatic Volume ControlA(AVC)
Clipper

Telemetry

Transmitter Output

Reception

Receiver Frequency
Squelch

PAM Voice Commutator Output

Sidetone

Warning System




3.5

3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.12.1
3.13
3.14
3.15
3.15.1
3.15.2
3.15.3
3.15.4
3.15.5
3.15.6
3.15.7
3,15.8
3.15.9

3.16

Antenna
Range
Electromagnetic Interference

Power

Controls

Headset

Earphones

Signal Conditioning
Transducef”Output Signal
Physical Cénfiguration
Connectors -
Environmental
Temperature
Pressure/Vacuum
Acceleration

Shock

Vibration

Okygen Atmosphere
Humidity

Salt Fog

Shelf Life

Interfaces
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4,0 Certification Test Requirements

4.1 - .Désign-Proof Qualification

4.1.1 »Thermai/Vacuum (Operating)

4,1,2 Shock (Operating)

4;1.3:1 Vibration |

4.1.4 Leak Rate (Non-Operating)

4.1.5 Corrosive Contaminants, Oxygen and Humidit&
4.2 Mission Simulation

4.2,1 Extreme Temperatures (an-Operating)
4,2,2 ' Prelaunch Operation (Operating)

4,2,3 Launch Vibration.(Non-Operating)
4,2.4 Thermal/Vécuum o

4,2.5 lDeScent Vibration (Non-Operating)

4.,2.6 Shock (Operating)

4.2,7 ElectricéllMechanicalAFunctional Check
4.2.8 Second Mission Cycle

4.3 Acceptance Test

4.3.1 Thermal/Vacuum (Operating)

4,3.2 Vibratidn (Operating)

5.0 - Reliability, QA and Configuration Control

5.1 Quality Assurance

5.2 Reliability

5.3 ~ Configuration Control

5.4 Subcontracts
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1.0 SCOPE

" This specification describes the elecfrical and en-
vironmental requirements of a Portable Radio Communications Sysfem
(PRCS)}which is pért of the Multi EVA Communicatioﬁs System used
for EVA (Extravéhicular Activity). The specifications are con-
‘sidexed to'Be thé minimum requirement and require-that the compon-
ents described_herein shall be entirely compatibie with each other,
Any portidn of the spécifications which would creaté any incompa-
fibiiity withih the system shall be broughtto the atten;ion of the
Contracting Officer in writing and subseﬁuent corrective.action
 awaited, No deviations shall be permitted without the full written
permissioﬁ:of the NASA Contracting_Officer or his aﬁthorized'fe-

presentative.
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2,0 GENERAL

The Multi EVA Communications Syétem shall consist of

a maximum of 10 Portable Radio Communicétion’SyStemS"and one (1)
Spacecraft Multi EVA Communication Unit. The system shall pro-
vide for communications of each astronauts voice and continuoﬁs
biomedical aﬁd Life Support data to the Spacecrafg with the Space-
‘craft being able:té decode the data and provide voice communications
including conference capability not only with the EVA's and space-‘
craft's and'pagihg iﬁtra vehicular crewman (via the spacecrafts.
intercom system;-créwman of nearby sbacecrafts (via air-to=-air RF

- links) ground controller via air-to-ground RF 1links) and recorded
or syﬁtﬁééized épeéch generated on board,

Each astronauts PRCS unit shall provide a capability'of
conversation with the sPacecraft and selection of conference éape
ability on one channel in addition to his éssigﬁed channel. Each
PRCS biomedical and PLSS data shall be provided to the Spacecraft

on a continuous basis.

The'spacecraft EVA Communications unit shall.prOVide
voice including conference capability with the participants abo&e
and be aBle to decode the astronauts selection of ﬁdice channel to
permit conversation accordingly. In addition caﬁébility shall be
provided to allow announcements which are heard by all EVA crewmen

regardless of the conversation in which they are participating.
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3.0 ' OPERATiON (Réfereﬁce Figure 1)

Each Portable RF Communications Unit (PRCS) shall Be cap-
able of transmitﬁihg the astronauts voice and continuous PLSS data
‘including biomed to the spacecraft. Provisions shall be made for
selection by the astronaut of two out of ten voice éhannel.received

via the spacecraft'12 channel commutated voice trahSmission system. .

Continudus PLSS and biomedical data shali-ﬁe combined along
with channél seléétion into a 32 word per frame telemetry which is
applied to an 8192 Hz subcarrier. This.telemetry,fhput is then com~
bined with the astrdnauts voice which deviates the:fM carrier at iﬂZKHi

for transmission to the spacecraft.

The spacecraft PAM Commutator 12 voice channel information
is received by the PRCS and based upon the selection by the astronaut
(possible 2 out of 10) the selected voice channel(s) afe routed to

the headset. All conversations are via the spacecraft.

PRCS Astronaut Controls include power and'backub switching,
volume control and the selection of any two of the ten channels for

conversation,

Provisions are also made for a felemetry/PRCS warning-tone

which is applied to the headset in the event of a significant mal-

"function in the PLSS or the PRCS,
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3.1 Transmission

3.1.1 Voice

The voice input circuitry shall be:

Nominal Input 0 dBm (microphone)

Voice Level:

Dynamic Range ' =9dBm to +12 (with +25 dBm

of Voice _ as a Design Goal)

Noise Level: -30 dBm nominal, with an expected

max imum of =24 dBm

3,1.2  Frequency Response
The frequency response of voice shall be 200 cps to 2.0KHz

+2dB referenced to 1 KC with filter roll off more than 40 dB per

octave above 2 KHz,

3.1.3  VoX
The voice operated switch shall switch the voice input

to transmitter,

3.1.3.1 VOX Attack and Release Time

The Attack and Release times shall be set for intell%gible
voice communications. Attack and Release times shall be less than.
.5 Msec. at 1 KHz, Release time shall be between..4 and .6 seconds.
The VOX must be capable'of recycling within 1 millisecond after

release,




3,1.3.2 VOX Sensitivity
The VOX shall actuate with a sine wave signal level of

(+2dB) as adjusted by a fixed internal accessible resistor.

3.1.4“ Automatie Volume Contfol (AVC)

| The Microphone voice signal shall be VOX enabled and shall
hold-a consfaﬁt output level (+2dB) at the clipper input over an
»input range from TBD dBm-to TBD dBm. The no signal gain of the AVC
shall be a maximum of TBD dB. The attack and release times shall be

set for intelligible voice communications,

3.1.5  Clipper |
The 12}dB maximum of peak clipping shali Be provided.

This shall be adjusteble (within +1dB) by aﬁ internel.accessible
fixed resistance.'eA low pass filter shall follow thefclipper with a
response sufficient to provide a demodulated subcarrier"data output
equivalent to a BER of 107 or better., This epplieS-for any specified

voice input,

3.1.6 = Telemetry

Each telemetry, subsystem shall consist of a PCM coded
system and a 8/92 Hz subcarrier. The input impedance of the com-
mutator and VCO sha11 be a minimum of 1 megohm.

|
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3.1.6 continued

Each telemetry and associated subcarrier Oscillator shall

. be as follows:

Telemetry/Subcarrier Oscillator

Frame Length:
Word Length:

Bit Rate:

Formatﬁ

32 words per frame

8 bits per word

~ 256 bits per sec +.005%

Word 1 and 2 Frame Sync - 0000010111001111,

‘MSB First

Word 3 PAM decommutator channel select.
Bits 1 thru 4 - selected channel,

binary positive true logic.

~ Bits 5 thru 8 - inverse of bits 1 thru 4

Words 15 and 16 - automatic test words
15 - 01101111
16 - 10010000

Words 4 thru 14, 17‘thru 32-binary data

Modulation - 8192 Hz +.005% coherent
phase shift

Key (PSK).sglit phase - S(S0-S).
8192 Hz 180 _

Phase Shift Change at SO-MID signal
crossing, B



3.1.6 - continued:
Outpgp Léve1: The 8192Hz subcarrier shall deviate the

FM transmitter 8 KHz peak maximum,

The PCM signal must be of a quality and format such that
it can be easily decommutated in any Space Shuttle Orbiter or Space
Base. These requirements shall be met under all conditions specified

in this document.

3.1.7 Transmitter Output

"~ Each PRCS tramsmitter frequency shall beféelectéd from the
frequenéyvbahd of 1219 to 1240 MHz. _The_frequenqy éhail bé Sglected
to provide a méXimum isolation and rejection with:the fespective 3

" band and those related in the receive band of 1289 to 1300 MHz,

" Each of the ten selected frequency shall have the following

transmitting characteristics:

Frequency | +0.005%
Stability: :
Outpﬁt Power: 0.7 wattsiminimum,
Modulatibn: True FM
Deviation: '~ Voice 12 kHz peak
: Subcarrier 8 kHz peak
Modulation . :
- Distortion: 3% maximum |
: Incidéﬁtal FM: Less than 2 KHZ pp dc to 5 KHZ

Spurious Emission: Meets IRIG 106-7O



3.2 Reception

3.2.1 Receiver Frequency

The Receiver Frequency shall be selected within the band
of 1289 to 1300 MHZ and shall be common to all PRCS unit., The
frequency shall be selected to provide a maximum isclation and re-
: jectioﬁ with the respective frequency band and those related in the

transmit frequency Band.

In addition the receive shall have rhe following char-

_acteriétics:

_Center

- Frequency _ h
Stability: +0.005%
Sensitivity: " 96dBm carrier provides 20 dB

g ' quieting ‘

Modulation: True M
Dynamic Range: 113dB

3.2.2 Squelch |
The receivers shall be squelched when the RF carrier is

absent or below a useful level, The squelch level and unsquelch

level shall be TBD,

3.2;3 PAM V01ce Commutator Output

| "The 12 x 8,000 sample per second RZ received commutator
voice input must be_routed'by channel selection to the astronauts
headset forAreception. Choice of any two out of ten'channels made
by the astronaut shall be routed accordingiy.
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3.4,2.5 TelemetrivVoice Crosstalk
The telemetry shall be filtered out of the audio input

to the headset such that the ™ 1is at least 30dB below the received

voice level,

3.3 Sidetone

'.Attenuated voice modulation of the transmitter shall be
mixed with the audio output. The sidetone (or pseudo-sidetone)
shall be 10 +3dB below the received voice level as adjusted by the

volume control.

3.4 Warning System
' The warning syetem shall consist of a 1.5kc audio tone
(modulated by 15 cps) that is remotely activated_by'a switch with

- contact resistance of 0 to 1,000 ohms, The output:of the tone

‘generator shall be 2 +.5 milliwatts into a 300 ohms balanced load.

3.5 Antenna

The omni-directional antenna (nominal impedance of 50 ohms)
will be subject to sherting to the spacecraf t structure during on-
board checkout and.egress operations, The unit shall be desigaed to
ewithstand open or;short circuit antenna conditions; without permanent
damage for up to 4 hours; and allow performance within specification
with VSWR's of up to'10:1 at any phase angle. (The radiated power
is allowed propartional reduction as a function of veltage'Standihg

wave ratio). The antenna shall be shared simultaneously with up to
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3.5 continued
two transmitters and up to two receivers, Each transmitter or receiver
must be sufficiently isolated from each other to allow system per-

formance, as specified in this dome

3.6 Range

The spacecrafﬁ Multi-EVA Communications unit shall be cap-
able of meeting the specified perfbrmance herein when used in the
‘Multi EVA Communication System with the Portable Radio Communications
Systems (PRCS) operating at physical distance of 1 foot from space-

craft antenna up to 10 nautical miles - awayQIine of sight.

The above applicable specifications also apply to the
backup and primary links. These specifications shall be met under
all conditions specified in this document without violating the IRIG

Standards, dated March 1966,

3{7 Electromagnetic Interferencg

The unit shall meet the requirements of MSC-IESD Document
19-3A. The audio conducted susceptibility requirement shall be 1.1

volts peak-to-peak over a frequency range of 30 Hz to 17 Khz,

3.8 Power

The maximum inﬁut power requirements fof_each PRCS shall
not exceed TBD ampéres (not including regulated power delivered to
the transducers) gnder any combination of environmental conditions

and over a voltage range of to VDC. Reverse polarity

protection is required on the power input within the PRCS.
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3.9'” h Conttoisn' : - | |

All controls shall be remote to the PRCS_and shall be ;sé
tronaut-opefated. ‘A mode selector SWitch shall contfol the opera-
tional modes which are: (1) Off, Test, Primary and (2) Secondary.-
A push-to-talk (PTT)/voice operated transmit (VOX) switch will select
a‘PTT mode or -a VOX.operation of the voice input to the primary;trans-
mitter or secondary transmitter carrier, as shcwnvin Figure 2, _Volume
'contrcl.of each receiver output shall be provided byea‘remcte 10,000
ohm potenticmeter. The receiver output power shall be delivered to}
a 600 ohm Balanced load and shall be adjustable from .1 milliwatts
maximum at the minimum setting to 50 +10 milliwatts at the maximUm
'setting; In addition external controls shall provide capability to .
select any two of 10 channels for voice communications, thereby per-
mitting‘conversation with others including astronauts’on a selected

" basis.

- 3.10 Headset .
The headset that will be used with the PRCS is Government

equipment.and will have the following characteristics.
3.10.1 :A.Microphones'

3.10.1.1 Output Impedance
600 ohms balanced.

3.10.1.2 Frequency Respcnse

300 cps to 5Kc. (Response of Microphone)
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3.11 Ea:ghdnés'

3.11.1 'Ingut Impedance
"~ 600 ohms balanced.

3.11.2. ‘Maximum Audio Input

60 milliwatts.

- 3.11.3 Warning Toné Input Impedance
| 300 ohﬁs balanced.

3.12  Signal Conditioning

| Each BRCS shall be required to supply separate regulated
voltages to TBD groups of up to TBD transducers éaéh; Each

regulator shaliAprdvide short circuit protection to the battery by

limiting the transducer current to 3 times nominal.

3.12.1 Tfansducer Output Signal

All tranéduéer measurements initiated within the PRCS
shall be conditioned to 0-5 volts for modulation of the telemetry

channels,

A11 transducer measurements initiated external to the

PRCS shall be condltloned to 0=5 volts at the external interface.
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3.13  Physical Configuration
The Physical Configuration shall be in accordance with
the outline and~mounting drawing TBD, The unit including connectors

and connector protectiVé covers, shall be a maximum of v lbs,

Heat dissipation from the unit will be primarily by conduc-
~ tion through‘itslmounting interfaces. Sufficient cccling shall be
provided to maintain the unit at no greater than a maximum unit

‘mounting base temperature of 120°F.

3.14 -  Connectors
The connector selection, location, and pin assignments

'shall be in accordance with the outline and mounting drawing.

3.15 Environmental
The system shall be capable of meeting all spec}fications

defined in this dccument under the following‘énvironmental conditions.
1 3.15.1 Témpeféture

The unit. shall operate as specified over the temperature
range of +20°F to +120°F, (IBOQF for 1 hour) as measured at the base-

plate. Each unit shall survive storage temperatures cf‘-65°F and

+180°F,
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3.15.2 ° Pressure/Vacuum

No structural damage, performance change, or electrical
arcing shall occur over the pressure range of from 21 psia down to
14 _ |

107" millimeters of mercury.

3.15.3 Acceleration
| The unit shall perform as specified under acceleration
of 20 g's for 2,5 minutes per direction both direction of each of

‘three perpendicular axes.

3.15.4 | §gggg

-The unit shall perform as specified'while being subjected
to a 15g shock. ~The specified shock levels apply to each of three ,
mutually perpendicular axes and shall have a trapezodal waveform
with a 10 - 11 millisecond rise time and 0 e 1 millisecond decay

time .

3.15.5 Vibration
‘The unit shall operate as specified while being subjected

to the following vibration tests:

- Vibration Levels
~ A.  Resonance Search

TBD

B. Lauﬁch and Boost

The Launch and Boost vibration levels shall be
determined from the mounting and second structures
levels of the space vehicle where in the units are
stowed during the mission,
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3.15.6 . Oxygen Atmosphere
The unit shall be unaffected by a 95 = 100% 0, atmos-

phere at 5 psia to 21 psia for up to 30 days. The unit shall not

support combustioﬁvunder these conditions,

3.15.7 . Humidity
| | The system shall be operative and unaffected by 100%
humidity in a temperature range of 26°C to 70°C cycled as in MIL-STD-

810A (USAF), Method 507,

3.15.8  Salt Fog |
The unit shall pérform‘as spééified‘while being sub-
jected to a salt fog (1% by weight) as described in MIL-STD-810A,

‘Method 509.1, Procedure 1. B

3,15.9 Shelf Life
The systems shall be capable of meeting all specifica-
tions for a period of ten (10) years of storage including 1,000

operating hours after delivery to the Government.

3.16 Interfaces
Interfaces are to be in accordance with the outline and

mounting drawing.
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4.0 CERTIFICATION TEST REQUIREMENTS

The requirementsvof ASPO-RQA-11A, applicable to this
contract, are any those sections of ASPO~RQA-11A that relate to
electronic equipment. The manner in which these requirements are
implemented shall be in accordance with the detaiieq test pian for
qQalifiéatioﬁ.ﬁéSt to be prepared by contractor‘and approved by the |
NASA Contra¢tiﬁg Officer. Any deviation from fhis»ddcument’muét
| have brior'apprdval of the CdntraCting Officer;'}Ihe intent of;the
following subpé:agraphs is to define the eﬁvironpentai test condi-
tions to be imposed within the scope of ASPOéRQA;ilA.v'Uniess'bther- ,
wisé.indicated, the equipment shall be continuouél& operéﬁed and

all modes of operation monitored,

4.1 . Design Proof Qualification

4,1.1 Thermal /Vacuum (Operating)

The PRCS shall be subjected to a pressure of 10f5mm of
mercury'for'the test duration; The temperature of the chamber and
heat sink shall Bé ZOOF for TﬂD hours and 120°F"fo£ TBD hburs.

The unit isvto bé turned off and the chamber températuﬁe*increééed
to 130°F, After the unit is allowed to stabilize, the unit shéll

be turned on and*operated for TBD hour,

4,1,2 Shock |
This test is to be conducted per MIL-STD-810,'Methbd

516, Proceduré'I.i Modify the shock pulse to a saWtooth}with a 40g
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401,2A "~ continued:

peak and an 11 fl m. sec, rise and 1 + 1 m, sec, decay on both'dire

ectibns of each of three axes,

4,1.3 Vibration (Operating)
Vibration shall be as specified in paragraph 3.16. 5

for a duration of five minutes per axis.

- 4.1.4 Leak Rate (Non-Operating)
| A leak rate'consistent with the Shuttle mission require-

ments shall be demonstrated at a vacuum of 10~ 4 of mercury.

4.1.5 Corrosive Contaminants,VOxxgen and Hﬁﬂiditx

The'ﬁeit shall be subjected to 1% (by weight) salt.fog
in accordance withtMIL-STD-810 for ene hour., Then, the chamber is
back filled-(froﬁ 20mm of mercury) with commercial oxygen (95 t 5%)
to 5.0 + .2 psia. The temperature of the chamber is held at 120°F
+10°F for 12'h6urs. With the oxygen environment;dt45 psia, iﬁtrof
duce a relative humidity of 95% + 5% for a temperature of IQCOF

+ 10°F for a duration of 50 hours.

4,2 S M1ss1on Slmulation
These tests are to be performed in the sequence

listed.
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4.,2.1 ~Ex£réme'Teggeratures (Non-Operating)
Following acceptance test, the unit is to be lowered
to -20°F for TBD hours; then, the temperature increased to 110°F

for TBD hours.

4,2,2 Prelaunch Operation (Operating)

The unit is to be operated for 50 hours under ambient

conditions.

4.2,3 Launch Vibration.(Non-Operating)- '
The unit is to be subjected to TBD minutes per axis of vi-

bration'as specified in paragraph 3;16.5,

4,24 Thermal /Vacuum

Thié test will be conducted as specified iﬁ paragraph |
~4.1;1, except-the temperature extremes shall be,OoE and 130°F, The
unit will not be operated for the first TBD hours. .During this
period the test item shall be subjected to the teﬁperature extremes
'specified aboye'alfernately for TBD hour periods. The unit will
then be operated.for an additional TBD hours at a chamber and heat

sink temperature of 70°F,

4,2.5 Descent Vibration (Non-Operating)
The unit shall be subjected to random vibration as

specified for TBD minutes per axis.

A-19



4,2,5  continued:
Levels are to be established on these in paragraph 3.16.5

.offthis~3pecification.

4.2.6 . Shock (Opefating)‘
Théidnit'is to be subjected to shock as describéd in péra—

- graph 4.1.2,

4,2,7 Electfiéal[Mechanical Functional Check
| The unit shall be functionally checked out both for electrical

performance and meéhanical_inspectioh.

4,2,8 - Second Migsion Cycle
Repeat paragraphs 4.2.3 through 4.2.7.

4;3 | Accégtance Test

4,3.1 Thermal[Vacuum (Operating)

The unit.shéll be.subjected to a pressure of 107>

mm of
mercury for the test duration. The temperature of thé chamber and
heat sink shall be 20°F for 2 hours after equipment stabilization

and 120°F for 2 hours after equipment stabilization.

4.3.2 Vibratién (Operating)

The unif shall be subjected»to.random Qibration as»specified
below for 1 minute'per axis,

The 1e§e1s-are to be derived from the vibration levels
established under paragraph 3.16.5 wifh appropriate factors applied

to reduce the levels suitable for acceptance testing.
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5.0 RELIABILITY, QUALITY ASSURANCE AND OONFIGURATION
o ' CONTROL

S.I k ‘ Quality Assurance

| | The contractor shall establish, implement and maintain
a Quality Assurance Program in accordance with NASA Quality Publica-
tion NPC-200- Z"Quality Provisions for Space System Contractors".
The Quality Plan to be submitted for NASA review will after NASA
review and unless disapproved, represent the agreement between NASA

~ and contractorthr_the implementation of the Qnalityjleqnirements.

5.2 © Relisbility
_The reliability program‘to be.implemented shall.meet-
}the requirements of NPC 250-1 "Reliability Program Provisions for
Space Systems Contractors. o | | |
The Reliability Plan to be submitted for NASA review
will, after NASA approval, represent the agreement between NASA
and Contractor for'the implementation.of the Reliability Require-

ments,

5.3 Configgration Control

A Configuration Control Plan is to be prepared by ‘the
Contractor and submitted to NASA for review, which after NASA
approval, will represent the agreement between NASA and the con-

- tractor for the implementation of the Configuration Control require-

ments. NPC-500-1, MSC Supplemental Number 1 shall be used as a
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5.3 - continued
guide in the preparation of the contractor's Configuration Control

Plan, and as a guide in the conduct of Reviews and Inspections.

5;4 o Sﬁbéonfracts

Thé reliabilitj and quaiity assurance requirements set
forth herein sﬁail be included in any subcontracts. The Cén-
tractor'agxees that he will include in every subcontract a provision
in which the subcohtractor agrees to allow the Contracting Officer
or his_designatédlrépresentative(s) to perform Engineering, Re-
1iabili£y énd'Quality Assurance'ReQiews at the subcontractor’s;

plant(s).
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3.1.3;1 VOX Atta¢k and Release Time

3.1.3.2 VOX Sensitivity
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1.0 'SCOPE
This épecification describes the electrical and environ-

" mental requireméﬁts of a Spacecraft Multi-EVA Communication Unit
which is part of fhe multi EVA Communications Syétem used for EVA
(ExtraVehiculaf Activity). The speéifications are considered to be
tﬁe'minimum requirement and require that the coﬁpoﬁents described
herein shall be entirely ébmpétible with,éach other. ' Any portion -
of the specificatidns which would create any incompétibilitY‘@ithin
the system shall be brought to the atténﬁionvof the Contracting'
Officer in writing and subsequent correctivevaCtibn awaited, No
deviationé'shail be permitfed without the full written permission

of the NASA Contracting Officer or his authorized representétivé.
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2.0 GE.NERA'AL“ | _

| The Multi~EVA Communications System shall-consist'of a
maximum of 10 Portable Radio Communication Systems énd one (1)
Spacecfaft Multi EVA Communication Unit. Tﬁe‘system shall provide
for communications of each astronauts voice and continuous biomedical
and Life Support-data to the Spacecraft with the Spacecraft being
able to decode the data and provide voice communicétions including
conference capability not'only with the EVA's and spacecraft's and
paging intra vghicuiar crevman (via the spacecrafts ihtercom system, .
crewman of’nearby'spécecraﬂts (via air-to-air RF links) ground con-
troller via air-tofground RF links) and recorded or Synthesized

speech generated on board.

Each astronauts PRCS unit shall provide a}capability of
conversation with the spacecraft and selection of conference capability
on one channeltin addiﬁion to his assigned channel. Each PRCS bio-
medical and PLSS data shall be provided to the Spacecraft oﬁ a

continuous basis.

The spaéecraft‘EVA Communications unit shall provide voice
including conference capability with ﬁhe participants above and be-
able to decode the astronauts selection of voice channel to permit
conversation-accordingly. In addition capability shall be provided
to allow announcements which are heard by all EVA crewmen regardless}

of the conversation in which they are participating.
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3.0 OPERATION (Reference Figure 1)

The spacecraft Multi~EVA Communication Unit shall be cap-
able of receiving up to 10 EVA's combined voice and telemetry data,

deliver the data for use by the data management system and decode

each EVA's chahnellselect word to permit routing of each EVA's voice

to the 10 x ldlvoiCe matrix unit where the filtered audio signal is

" mixed with other conversation.

The odtput of the voice multiplex unit fot each channel is
'amplified; VOoX apﬁlied and filtered to.form outputs to the space=-
craft intercom syStem. It is also mixed with inputs from the space-
craft interedm system and an input from a paging system. This mixed
31gnal is then gated into the 12 channel 8,000 sample per second
time d1v131on PAM multiplex which is transmitted to the individual

PRCS units.,

3.1 Transmission
3.1.1 Voice (S/C Interface)

The voice input circuitry shall be:

Nominal Input Voice Level: 0 dBm (microphohe)

Dynamic Range of Voice: =9 dBm to +12 (with +25dBm
: as a Design Goal)

Noise Level: =30 dBm nominal, with an
-~ expected maximum of -24dBm
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3.1.2  Frequency Response

The frequency response of voice shall be 200 cps to 2.0
KHz +2dB referenced to 1 KC with filter roll off more than 40 dB per

octabe above 2 KHz,

3.1.3  VOX

The voice operated switch shallvswitch the voice input

to the‘transmittér.

3.1.3.1 Attacg ahdvRelease Time

| The A;tack and Release times shall be set for intelligiﬁle'
voice communications. Attack and Release times shall be less than
«5 Msec. at 1 KHz. Release Time shall be between ;4 and .6 seconds.
The VOX must be capable of recycling within 1 millisecond after

- release.

3.1.3.2 Sensitivity

The VOX shall actuate with a sine wave signal level of

(+2dB) as adjusted'By a.fixed‘internal accessible resistor.

3.1.4 _Automatic Volume Control (AVC)

| The Microphone voice signal éhall be VOX enable and shall':
hold a constant output level (+ 2dB) at the clipper input over an |
input range from ¥BD dBm to TBD dBm. The no signai gain of the AVC
shall be a méximum’df TBD dB., The attack and release times shall

be set for intelligible voice communications.
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3.1.5  Clipper

| The 1263 maximum of peak clipping shall'be-provided. rThis
shall be adjustable (within +1dB) by an internal accessible fixed
resistance., A low pass filter shall follow the cliﬁper with a re-
' sponse sufficient‘to provide a demodulated subcarrier daté output
équivalent to a BER of 10~° or better. This applies for any

specified voice input,

3.1.6 PAM Commutator Output

The PAM output of the mixed audio for transmission shall

be as follows:

Level: 3 volts peak-to-peak
. Format: . 12 x 8,000 sps RZ, 50% duty cycle
~ Qutput

Impedance: Less than 500 ohm

Rise and , _

Fall Time: Less than 1.2 usec

3.1.7 - Transmitter Output

RF OQutput
The transmit fréquency shall be selected Within the band

of 1289-1300 MHZ and shall provide maximum isolation and rejection

with respect to the receiver frequencies (reference paragraph 3.2.1).
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3.1.7¢ continued:

Center Frequency

Stability: +0,005%
Output Power 3,7 watts minimum
Distortion 3% maximum
Modulation: True M
“Incidental ™ Less than 2 KHz pp
dc to 5 KHz
Spurious
Bmissions:
IRIG-106-70
3.2 Reception
3.2,1 Receiver(s) Frequencies

The receiver frequencies shall be a ma#imum of 10 bands
within the 1219 to 1240 MHz band, The frequencies shall be selected
to providé a maximum isolation and rejection within the respective
frequency bands and those related in the transmit frequency bands,

(see paragraph 3.1.7).

Frequency

Stability: +0,005%

Sensitivity: 96dBm carrier provides 20 dB
quieting

Modulation: True FM

Deviation: Voice 12 khz peak

Subcarrier 8 khz peak
'Dynamic Range: 113dB

"Channel =~ 40dB minimun S T
Separation:
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3.2.,2 Squelch

The receivers shall be squelched when the RF carrier is
present or below a useful level, The squelch level and unsquelch

level shall be TBD,

3.2.3 Receiver Output Level

The receiver's output levels shall not change more than
9dB for voice over the full dynamic range of the receiver sensitivity,

at the earphone interface.,

3.2.4 Frequency Response
The frequency response of voice shall be 200 cps to 2.0 KHz..
iZdB referenced to 1 KC with filter roll off more than 40 dB per

octave above 2 KHz,

3.2.5 Voice (To S/C Interface)
The backup voice circuitry shall be redundant to the

primary mode voice circuitry.

Nominal Input 0 dBm (microphone)

Voice Level:

Dynamic Range -9 dBm to +12 (with +25 dBm

of Voice: as a Design Goal)

Noise Level: -30 dBm nominal, with an expected

maximum of =24 dBm
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©3.2.6 Telemetry Decoding Subsystem

The telemetry subsystem for decoding each EVA's data shall -

consist of a PCM decommutation system and a 8192 Hz subcarrier dis-

criminator.

‘Each EVA telemetry channel shall be capable of processing

the following information.

Telémetrx[SubcarriervDiscriminator

Frame
Length:

Word
Length:

Bit Rate:

Format:

32 words per frame
8 bits per word
256 bits per sec +.,005%

Word 1 and 2 Frame Sync - 0000010111001111,

MSB First

Word 3 PAM decommutator channel select.
Bits 1 thru 4 - selected channel, binary

positive true logic.

Bits 5 thru 8 -« inverse of bits 1 thru 4
Words 15 and 16 - automatic test words
15 - 01101111

16 - 10010000 °

Words 4 thru 14, 17 thru 32 binary data

Modulation - 8192 Hz + .005% coherent

phase shift,
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Key (PSK) split phase - 5(S0-S). .
8192 Hz 180 -

Phase Shift Change at SO-MID signal
crossing
The PCM signal must be of a quality and format such that
it can be easily decommutated in any Space Shuttle Orbiter or Space
Base. These requirements shall be met under all conditions specified~

in this document,

3.2.7_ Channel Select Word Decoder and Voice Routing.

The channel select word decoder shall be (audio matrix)
capable of decoding the channel select word and routiﬁg the voice
- information to the approﬁriate interface either for PAM Commutator

for transmission and/or to other spacecraft voice interfaces.

3.2.8 Telemetry/Voice Crosstalk

The télemetry tones shall be filtered out of the audio
input to the headset such that the EVA's data subcarriers are at

least 30 dB below the received voice level,

3.3 Sidetone

Attenuated voice modulation of the transmitter shali be
mixed with the audio output. The sidetone (or pseudo-sidetone) shall
be 10 +3dB below the received voice level as adjusted By the volume

control.
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3.4 Electrical Isolation |
The unit design shall provide sufficient isolation between
the various functional units and shall achieve the required perfdrmance

under all operating modes specified herein.

3.5 ) Antenna

The omni-directional antenna (nominal impedance of 50 ohms)

wili be subject to shorting to fhe Spacécraft ;trﬁctﬁfé dufiﬁé oﬁ-k
board checkout and egress operations. The unit shall be designed to
withtand open or short circuit antenna conditions; without permanent
damage for up to 4 hours; and allow pefformance wifhin specification
with VSWR's of up to 10:1 at any phase angle. (The radiated power

is allowed'proportional reduction as a function of voltage standing
wdve ratio). The antenna shall be shared simultaneously with ﬁp to

;wo transmitters and up to two receivers., Each transmitter or receiver
must be.sufficiently isolated from each other to allow system per-

formance, as specified in this document.

3.6 Range

The spacécraft multiple EVA Communications unit shall be
capable qf'meeting the specified performance hérein when used in the
Multiple EVA Communication System/with the Portable Radio Communica-
tions System (PRCS) operating at physical distance of 1 foot from space-

craft antenna up to 10 nautical miles - away-line of sight.
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3.6 . continued:

The above applicable specifications also epply to the
backup and primary links. These specifications shall be ﬁet'under
all conditions specified in this document without violating the IRIG

Standards, dated March 1966,

3.7_ Electromagnetic Interference

The unit shall meet the requirements of MSC~-IESD Document
19-3A, The audio conducted susceptibility requirement shall be 1.1

volts peak-to-peak‘over a frequency range of 30 Hz to 19 KHz,

3.8 Power

The maximum input power requirements for each unit shall
not exceed'Igg amperes (not including regulated power delivered to
the transducers) under any combination of environmental conditions
‘and over a voltage range of TBD to TBD VDC. Reverse_polafity protec~-

tion is required on the power input within the unit,

3.9 Controls
All controls shall be astronaut operated. A mode selector
switch shall control the operational modes which arei Test, Off,'

Primary and Backup.

3,10 PBysical Configuration

The PhYsicai Configuration shall be in accordance with

the Outline and Mounting drawing TBD. The unit including connectors

and connector protective covers, shall be a maximum of 1bs.
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3.10 continued:

Heat dissipation from the unit will be pfimarily by conduc-
tion through its mounting interfaces. Sufficient cooling shall be
provided to maintain the unit at no greater than a maximum unit

mounting base temperature of 120°F,

‘3.11 Coﬁnectors
The connector selection, location, and pin assignments shall

be in accordance with the outline and mounting drawing.

3.12 Environmental
The system shall be capable of meeting all specifications

defined in this document under the following environmental conditions.

3.12.1 * Teggeraturé

| Thé unit shall operate as specified over the temperature
range of +20°F to ¥L20°F, (130°F for 1 hour) as measured at the base-
plate., Each unit shall survive storage temperatureé of.-65°F and

+180°F.

3.,12.2 Pressure/Vacuum

" No structural damage, performance change, or electrical
arcing shall occur over the pressure range of from 21 psia down to

10-9 millimeters of mércury.
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3.12.3 Acdeleration'
“The unit shall perform as specified under acceleration of
" 20 g's for 2.5 minutes per direction both direction of each of three

' pérpendicular axes,

3.12.4 Shock
| The unit shall perform as specified while being subjeéted
to a 15g shock. The specified shock levels apply to each of‘threé
mutuélly perpendicular axes and shall have a trapezodal waveform with

a 10 - 11 millisecond rise time and 0 - 1 millisecond decay time.

3.12.5 Vibration
The unit shall operate as specified whilevbeing subjected

to the following vibration tests.
Vibration Levels

A, Resonance Search

TBD

B, Launch and Boost

The Launch and Boost vibration levels shall be determined
from the mounting and second structures levels of the space vehicle

where in the units are located during the mission.

3.12.6 Oxygen Atmosphere

The unit shall be ﬁ;affected-by a 95‘-'1002‘65 atmosphere
at 5 psia to 21 psia for up to 30 days. The unit shall not support

combustion under these conditions.
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The system shall be operative and unaffected by 1007% humidity
in a temperature range of 26°C to 70°C cycled as in MIL-STD-810A (USAF),

Method 507.

3.12.8  Salt Fog

The unit shall perform as specified while being subjected
to a salt fog (15% by weight) as described in MIL-STD-810A, Method

509.1, Procedure 1.

3.12.,9  Shelf Life
The systems shall be capable of meeting all specificétions
for a period of ten (10) yéars of storage including 1,000 operating

hours after delivery to the Government.

3.13 Interfaces
Interfaces are to be in accordance with the outline and

mounting drawing.,

B-15



4.0 '~ = CERTIFICATION TEST REQUIREMENTS

The-reduirements of ASPO~RQA-11A, applicableAto this

contract, are only those sections of ASPO-RQA-11A that relate to

electronic equipment. The manner in which these requirements are

implemented shall be in accordance with the detailed test plan for

qualification test to be prepared by contractor and approved by the

'NASA Contracting Officer., Any deviation from this document must

have prior approval of the Contracting Officer., The intent of the
fdllowing subparagraphs is to define the environmental test condi-
tions to be imposed within the scope of ASPO-RQA-11A, Unless other-

wise indicated, the equipment shall be continuously operated and

all modes of operation monitored,

4,1 Design Proof Qualification
4.1,1  Thermal/Vacuum (Operating)
The iinit shall be subjected to a pressure of 10™"m of

mercury for the test duration. The temperature of the chamber and
heat sink shall be 209F for TBD hours and 120°F for TBD hours,

The unit is to be turned off and the chamber tempéfature increased
to 130°F, After the unit is allowed to stabilize, tﬁe unit shall

be turned on and operated for TBD hour.

4,1,2 Shock.

This test is to be conducted per MIL~STD-810, Method

516, Procedure I, Modify the shock pulse to a sawtooth wiﬁﬁia 40g

B=16
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C 42,1 Exg;eﬁe Teggefatﬁres gNon-OEéraﬁingf'.

4,2,3 Launch- Vibration (Non-Operating)

Following acceptance test, the unit is to be lowered .
to =20°F for TBD hours; then, the temperature increased to 110°F

for TBD hours.

4.2,2 Prelaunch Operation (Operating)
| o The unit is to be operated for 50 hours under ambient |

conditions.,

-~

The unit is to be subjected to TBD min@teé per axis of vi-

bration as specified in paragraph 3,16;5.

4,2,4 Thermal /Vacuum

This test will be conducted as sPecified'in pafagraph
4,1.1, except the temperafure extremes shéll be 0°F and'130°F."The't
unit will not be operated for the first TBD hours. During this
period the tést‘item shall be subjected to the temperature extremes

specified above alternately for TBD hour periods. The unit will

- then be operated for an additional TBD hours at a chamber and heat

sink temperature of 70°F,

4.2,5 Descent Vibration (Non-Operating)

The unit shall be subjécted'to random vibration as

specified for TBD minutes per axis.

Levels are to be established on these in paragraph

3.16.5 of this specification;
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4,2.6 Shock (Operating)
The unit to be subjected to shock as described in para-

graph 4.1.2,

4.2;7 Electrical[Mechanical Functional Check

The unit shall be functionally checked out both for

electrical performance and mechanical inspection.

4,2,8 Second Mission Cycle
Repeat paragraphs 4.2.3 through 4,2.7.

4,3 Acceptance Test

4,3.1 Thermal /Vacuum (Operating)

The unit shall be subjected to a pressure of lo-smm of
mercury f_or: the test duration., The temperature of the chamber and
‘heat sink shall be 20°F for 2 hours after equipment stabilization and

120°F for 2 hours after equipment stabilization.

4,3.2 Vibration (Operating)
The unit shall be subjected to random vibration as

specified below for 1 minute per axis.

The levels are to be derived from the vibration levels
established under paragraph 3.16.5 with appropriate factors applied

to reduce the levels suitable for acceptance testing.




4,1.2 " continued:

péak'and an 11 +1 m, sec. rise and 1 + 1 m. sec; decay on both dir-

ections of each of three axes.

4.,1.3 Vibration (Operating)
Vibration shall be as specified in parégraph.3.16.5

fqr a dﬁration of five minutes per axis.

4;1.4 Leak Ratev(Non-Operating)
A leak rate consistent with the Shuttle mission‘rgaﬁire-

ments shall be demonstrated at a vacuum of 10~ mm of mercury,

4;1.5. _. Corrosive Contaminants, Oxygen and Humidity ‘

| The unit shall be subjected to 1% (by.Weight) salt fog
in accordance with MIL-STD-810 for one hour. . Then, tﬁe'chamber'is:f-
back filled (froﬁ»ZOmm of mercury) with commercial dxygen (95 + 5%)
to 5.0 % .2 psia. The témperature of the chamber is held at 120°F
' tlboF for 12 ﬁours. With the oxygen environment at 5 ﬁsia, intro-
duce a-relative}humidity of 95% ¢ 5% for a temperature of 100°F

+ 10°F for a duration of 50 hours.

4,2 ~ Mission Simulation

Thesevtests are to be performed in the sequence'

listed,
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5.0 RELIABILITY, QUALITY ASSURANCE, AND CONFIGURATION
CONTROL | T ' |

5.1 Quality Assurance

The contractor shall establish, implement and maintain

a Quality Assurance Program in accordance with NASA Quality Publica-

tion NPC-200-2"Quality Provisions for Space System Contractors".
The Quality Plan to be submitted for NASA review will, after NASA

review and unless disapproved, represent the agfeemént between NASA

“and contractor for the implementation of the Quality Requiremggts.

5.2 Reliability
| | The reliability program to be implemented shall meet

the requirements of NPC 250-1 "Reliability Program Provisions for

Space Systems Contractors."

The.Réliability Plan to be submitted for NASA review
will, after NASA approval, represent the agreement between NASA
and Contractor for the implementation of the Reliability Require-

ments, .,

5.3 Configuration Control

A Configuration Control Plan is to be prepared by the

Contractor and submitted to NASA for review, which after NASA

approval, will represent the agreement between NASA and the con-

tractor for the implementation of the Configuration Control require-

ments. HANfC-SOO;l; MSC Supplemental Number 1 shall be used as éAf“
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5.3 " continued

guilde in_the preparation of the contractor's Configuration_Cdntrol

Plan, and as a gﬁide in'the conduct of Reviews and Inspections,

5.4 , Subcontracts

The reliability and quality assurance'requirements set

forth herein_shallnbe included in any éubcontracts. The Con-

- tractor agrees that he will include in every subcontract a proVision_

in which the subcontractor agrees to allow the Coﬁtracting Officer
Qr,his designated répresentative(s) to perform Engineerihg,vRéz‘gr
liability and Quality Assurance Reviews at the subcontractor's

plaﬁt(s),

it

B-21

W e BRIy v ST TR



APPENDIX C

CRYSTAL FILTER

SPECIFICATION




CRYSTAL, FILTER SPECIFICATION

A tentative specifiéation for the 10-channel comb filter is presented below.

2.0
2.1
2.1.1

1.2
1.3
1.4
.1.5
.1.6
1.7
.1.8
.1.9
.1.10

NNNN NN [\ N N [\V]

.1.10.1

2.L1m2_
2.1.10.3

2.1.10.4 -

2.1.10.5
2.1.10.6

" Filter output impedance is R

' SCOPE

_This specification covers the requirements for a 10-channel comb

filter for use in a multichannel receiver. A low insertion loss

with an output mismatch is a primary requirement for this filter

_ bank.

REQUIREMENTS

Electrical |

Center Frequency (f ) to be:

25, -26, 27, 28, 29, 30, 31 32, 33, and 24 MHz
Bandwidth at 1.0 dB shall be +0.75 KHz mm1mum
Deleted

_’BandW1dth at 40 dB shall be +1.0 MHz maximum.

Spurious responses shall be -40 dB maximum.

Ultimate rejection shall be 40 dB minimum. _ |
Source impedance (Rg) shall be 2000 ohm +10% with L/C tuning.
Filter output impedance (Ro) shall be 2000 +10% with L/C tuning.

Load impedance shall be 40K ohm +10% in parallel with 8 pf +3 pf.

Power insertion loss shall be 1 dB maximum,

~ Insertion loss is defined as the available power ratio, Par

PAO
. . . . E 2
Available power in, P, ., is defined as: P,_= "G
Al Al ——
4R
_ G
. . . . - E~2
~Available power out, PAO’ is defined as.v -PAO 41?

Voltages are open circuit voltages.

o

Source impedance is RG.'




11

.11.1

.12

A signal +1.0 MHz of center frequency of +27 dBm or an inband

band signal of +80 dBm shall not cause distortion of pass band or

~ shift in center frequency.

Cry'stal' filter shall not be irreversibly damaged by an inband signal

+27 dBm,
Third-order intermodulation résponse. Two 0 dBm signals spaced

+200 kHz and +400 kHz or -200 kHz and -400 kHz from 17.0 MHz

applied to the input of the crystal filter, shall produce a third-

6rder product at 17.0 MHz no greatér than -120 dBm."

Mechanical

Materials and workmanship shall be of the best quality available.
Construction shall be sturdy and durable, and of maximum simplicity
compatible with other requirements of the specification.

Volume is desired to be less than (TBSL) cubic inches.

Service conditions - No tests need be pei'formed as long as unit is

guaranteed to operate under normal laboratory use.

Vibration and Shock - No tests need be performed as long as unit is
guaranteed to operate under normal laboratory use.
PREPARATION FOR DELIVERY

Preparation for delivery shall be in accordance with best commercial
practice. Packaging shall be such as to preclude damage during '
shipment. - '
Documentatlon - To be supplied later.

Test Data - Pertinent data taken during testmg shall be - supphed with
units. To include: attenuation characteristics, test flxtures used

other than herein specified, and intrinsic impedances of unit.
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INTRODUCTION

In the Multi-EVA éystem, operation in the VHF band is preferable to

minimize battery size. These frequencies result in lower losses which

is very important since omnidirectional antennas are required. However,

a maxixﬁum protection against EMI, primarily from Eart.h—based emitters,

is necessary. Furthermore, the near-far problem is very severe, since some
EVA receivers nﬁay_ be only a few feet away from the spaéecraft, while others

are permitted to have ranges up to ten nautical miles.

The multiple access problem is best solved by departure from clg_ssi_cal
meth_ods such as Frequency Division Multiple Access (FDMA). Lk is
believed that Timé Division Multiple Access techniques, whic.h can use
existing technology, offer a low cost solution, They overcome the RFI
from Earth radiations by having a considerably highevr S/ N at the receiver
with low average transmission power; no power control is needed for large
differences in rahge, due tb 'ghe avoidance of inter-channel interferences;
the EVA equipment 1s simple, and ranging can easily be accomplished with:

the same equipment at little additional cost,

This Appéndix explains the TDMA technique in general, presents solutions
to the multi-EVA problems, and describes the equipment configuration.
Critical hardware, such as a low duty cycle 100 watt VHF transmitter

has already been developed by RCA for the Apollo 17 Lunar Sounder.

1, General DeSéription of TDMA

Time Division Multiple Access (TDMA) is defined as the tin:ié-sequenced entry



at a receiver of information-modulated signals which ernanete from d_'ifferent
sources. A TDMA signal of a channel occupies a certain time slot for a
duration ’7’, and the next pulse of the same channel occuvrs- after T seconds.
A eynchronous system which has a-time slot assigned for each chennel can
‘accommodate T - tg channels, where tg is the time within T; taken by the

guardbands. .

in TDMA, the trensmissions of different links are separeted in time such that
each link has sole use of the receiver as specified times, The simpliest
scheme is a repetititve sequence of time slots where an accessfchannel '
consists of the same time slot in each frame. Any form of modulation

compatible with the pulsed nature of the waveform (such as pulse width, pulse

- position, PSK or FSK) may be used.

The TDMA may be random or synchronous, A synchronons scheme requires
network: synchronizatien in the form of a t\:'Lme—reference:s?ignal which can be
generated at the main stations (or repeater). This time reference is needed

by transmitting terminals to accurately pulse their transznissions S0 that‘

they occur during .their allocated tirne slot. Receiving terminals require fche time

reference to synchronize the gating,

The synchronons TDMA technique has the advantage that no-_interference is
produced due to intermodulation products, since only one ‘si.gnal is preeent in
the spacecraft repeater at any time. The exclusive use of the spacecraft
repeater power by a single link at any time also eliminates the requirement

of power control for different ranges of links. Furthermore, the pulsed
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nature of thé signals' permits each link transmitter to operate at its peak
‘power.. " Thus, due to the \peak power transmission, S/N at the receiver will be
improved (20 dB improvement is easily achievable). | This is of a very great
importance in thoée cases, where the outside system interference creates
problems. (For example, RFI at low altitude spacecraft from radiation
sources on Earth.) ﬂ

2, TDMA For Multi-EVA System

2.1 Operation Characteristics

The main characteristics of the Multi-EVA system o‘pe'ration are: required
simplicity, RFI pfoblem, large differences in ranges between the spacecraft
and individual EVA sets. The minimum number of iinks is ten, and the iqfor;
mation to be tranémitted consists of voice and data. Thé RFI environment
requires strong signal, thus peak power transmissions are desired. Power
control due to fange difference complicates the equipment, Simultaneous
transmissions on many links produce intermodulation infcerferencé at the
spacecraft. These problems can be solved or significantly simplified by the
use of TDMA techniques.

2.2 Information Modulation

The type of information to be transmitted by the Multi-EVA system is voice
and low rate telemetry. For a TDMA system, voice must be digitized. A-
\ - modulation scheme with 19. 2 kbt/s rate has been proved to be one of the
most convenient schemes, and modulators-demodulators havévbeer.l perfectea.
It has been established that a binary error rate up to 1. 6% will maintain
acceptable speech quaiity, and that an error rate of 1% produces good results,

To avoid fine phase and frequency controls, non-coherent binary FSK modulation



will be used to transmit digitized voice and telemetry. ~For non-coherent FSK-
modulation, in caée of voice, 1% error rate requires E/No = 9 dB; for non-
coherent FSK modulation, in case of data, 109 error rate is obtained with

E/No = 13 dB. |

The 19. 2 kbt/s voice determines the duration of a time frame in a TDMA system,

since this is the highest information rate to be transmitted. Thus,

1 Sec,
“19.2x10 °

T = 0.0521x10°3 = 52 usec.

The voice and déta (if both types of information are present) from each EVA
will 'be 'fcr_"ansmitteAd intermittently in each frame. Thus, 1_9; 2 x 103 pulses
represeﬁting telemetry will be transmitted each second. If, for example,

the telemetry information rate is 300 bits, this will result into a redundancy

of 19,2 x 103/300 = 64; this redundancy, by means of poét—detection integration,
will result into a S/N improvement (at least 9 dB). At the spacecraft, each
frame has to accommeodate, in case of ten links, twenty time slpts for reception
(ten pulsés of voice and ten pulses of data) and ten slots for transmission. To
avoid a strict time control, guards of one pulse duration' will be left between
slots, these considerations and the fact that binary numbers are easier to

work with will deterinine the pulse duration, . If one divides the frame»

duration by 27, one obtains:

’7/ = T = 52 usec = 0, 407% 0. 4 usec
o 128

This pulse duration of 0.4 usec will result in 16 channels with the above

mentioned time guards between slots.



A synchronous TDMA scheme for N channels with frame T; pulse duration
and with guards ﬁetwe’en individual slots is shown for illgstration purposes -’
in Figure 1, Examples of timing at EVA's and spacecraft are presented in
Figure 2, (For simplicity, only one pulse is transmitted by EVA, eithér

voice or data.,)

- In Figure 2A, | the' range between EVA and spacecraft is X miles, EVA 1
transmits a pulse which arrives at the spacecraft with a delay due to the
range of( X milesl_.> ‘Then, the spacecraft transmits the syﬁchroni_zation
pulse and after some délay; the message pulse to EVA 1. The timing
difference between the synchronization and information puls'es is constant,
and it indicates the slot assigned for EVA 1 within the fram‘e. Again, the

| synchronization and message pulses arrive at EVA 1 with additional delay

due to the range.

Figure 2B depicts the same story where the range from the spacecraft to

EVA 1 is twice as long as in Figure 2A,

Figure 3 shows time frames at the spacecraft and EVA transmitters. In
Fig'ure 3A, the synchronization signal followed by ten transmissions to EVA's
(no data is sent to EVA's) ére indicated. In Figure 3B, the time frame o.f the
EVA transmitter consists of a voice pulse and a dafa pulse separated by

T/2, Thus, time éeparation permits the transmitter to build up if_s power
between voice and daté pulses,

2.3 Clock Rate and Bandwidth

The EVA's transmitters transmit 19, 2 kbt/s of voice and 19, 2 kilopulses
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of data (with redundancy) each second., Thus, the clock rate required at EVA's
is 38.4 kbt/s. The pulse duration is 0, 4 usec, and the bandwidth needed

p) ,
‘to transmit one pulse is 4 x 10-7 = 5 MHz, Since the FSK modulation requires

one channel for space and one channel for mark symbol, the total bandwidth

amounts to 10 MHz.

However, a filter narrower than null-to-null can reduce this bandwidth and

possibly improve reception, especidlly in a high interference environment.

It should be nétéd that voice and telemetry data are transmitted on t‘he same
carrier. The distinction between these two types of information is accomplished

by time gating. Due to the FSK modulation, frequency stébility reqﬁirements

are significantly reduced. For a carrier frequency of 300 MHz andT= 0. 4 usec.,
a frequency stability of 0. 01% is more than needed and no additional noise

bandwidth at the receiver is produced.

The bandwidth occupahcy of a TDMA, FSK modulated, system presents
no problems. The RFI from earth sources is overcome by the increased
S/N due to the peak power transmission and by the fact, that the receiver

is gated off when no signals are expected.

The wideband nature of the modulation results in a 'very low power density
(0.1 watt/ MHz average) so that the EVA transmitters will not interfere,

with earth based receivers.



2.4 ‘Synchronizativon Procedure‘
The S}"nchronization‘ procedure is simple because the pgléed nature of the
signals permits an accurate determination of range frbm the spacecraft
to the EVA's._ The spacecraft transmits a sync signal, and all EVA's lock
up to it. Each EVA signal is assigned a time slot which has a constant
| delay.(different fof each EVA) relative to the‘ sync signal, By means of a
tracking loop the propagation time is determined. Say this propagation time
is.t}'), and the assigned slot at .th;. S*C: 1:;;;i-ver is tg after the sync signal,
The time for EVA to transmit its pulse, t{, is:

ty = tg + tq - tp

where tg is the tim¢ of sync signal. This procedure is -illﬁstrated in Figure 4.

A detailed timing sequence of the signals as they occur at‘the spacecraft

is shown in Figure 4A. The sync signal and the time slots for the

fivrst three EVA's are indicated. The sync signal is transmitted first

by the spacecraft transmittef. Then 0, 8 microsecond after the transmission
of the sync pulse, the spacecraft receiver is gated on fo¥' a .period of .4
microsecond. Tﬁe signal from EVA 1 should be received during this period.
Since this signal‘is FSK modulated, either a mark or a space will be received
at the spacecraft. ‘ This ipformation is stripped from the. signal, and used
internally in the spacecraft to demodulate the EVA 1 voiée or data signal,

A digitized vbice signal intended for EVA 1 is transmitted 0. 8 nﬁicrosecond
after the receiver was gated on. The transmitted signal has a duration of

f4 microsecond and will be sent as either a mark or space, depending on the
information bit to be conveyed to EVA 1, After a .4 microsecond guard space,

the spacecraft receiver is gated on again, to allow the Signal from EVA 2
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to be recéived. I"t is dei'nodulated ana fﬂe infofmation sent to a si'gimal processdr
while informatioh intended for EVA 2 is modulated onto the carrier during
the pulse period labelled T2, This represenfs the traLnsm_ission period fdf
EVA 2; this process is repeated for EVA 3, EVA 4, etc. The total timing
sequence allows 32 EVA's to be serviced. However, since voice and data

are received from each EVA, this number has to be reduced to 16, Furthermore,

the sync pulse occupies a time slot and the active numbef of EVA's under
this timing scheme is limited to 15, It should be noted that if the spacecraft
does not receive a signal during the receiver ''on" periods, identified by
R1l, R2, R3, .etc‘. , the spacecraft will nofc transmit .‘8 miérosecond later,
Consequently, there will only be transmissions when the recéivéd signal
appears in the proper time slot. This feature reduces total system inter-

ference.

Synchronization by the EVA equipment is achieved as follows. The EVA
receiver searches for the unique synchronization pulse. While this pulse
appears once per frame, it can easily be identified by a unique mark-space,

cociing.

Each EVA tracks the synchronization pulse and gates the receiver on at
the specified delayed period, such as the time delay between the sync
pulse and T1, or ﬁhe sync pulse and T2, etc. Next the EVA starts to
transmit a streaonf pulses; even when the astronaut is not talking and
there is no voice signal, there will be a delta modulation idle pattern which
is alternating mark and spaces, The time of transmission from EVA will
be changed automatically, till it is sufficiently ahead of the spacecraft

receive slot to compensate for the propagation delay.
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Wheﬁ the EVA transmitter reaches the correct time of—transmission, the
spacecraft will receive the signal in the propel; time slot. The spacecraft
will then start to transmit the signal in the appropriate transmit time slot,
This signal Will now appear at the right time in the gated EVA receiver, and
it can now be used to close the tracking loop around the transmit timing
generator. The fracking loop will keep the EVA transmifter moving in time
as the range is changed. This will assure that the EVA transmissioﬁ will
always arrive at the designated receive time slot at the spacecraft, Since

" the duty cycle of fche tran smitted pulse from EVA is less than 1 percent, the |
out of sync transmitter will have less than 1 percent of p‘robabili-ty of
interferring with another EVA channel. This small probability does not
degrade voice intelligibility significantly, and it does not affect the data
performance due fo the large amount of redundancy. Of course, once all
EVA transmitte:rs-‘ are properly locked to the designated time slot, there will
be no mutual interference whatsoever, The total synchronization procedure
should not take much more than one second, since a fairly wide loop band-
width can be used. This will be borne out by the following link analysis.

2.5 Link Analysis.

A link analysis of a synchronous Multi-EVA system with TDMA is presentéd
below, Firstly, carrier-to-noise ratio is computed for an environment free

" of RFL Secondly, the level of tolerable RFI is determined. The frequency
assumed is 280 MHz antennas are considered to be of unity gain, and the
maximum range of 10 n, miles is used. It should be notéd,- that no SC multi-
coupler loss is included. This is due to the fact that only 6he_receiver is used

at the SC because of the TDMA technique,
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Propagation loss (f = 280 MHz; R = 10 n, m’) . 107..1 dB -

EVA cable loss 4 : 2,.0dB
SC Cable Loss | 2.0dB
Total Loss: | 111,1 dB
Receiver Noise Figure : , 5.0 dB
KTB (B = 5 MHz) -137.0dB
Receiver Noise | . -132,0 dBW
Py (peak power = 100 w) - | "~ 20.0dBW
C/N o | | 40, 9 dB

Thus, C/N uhder no RFI conditions amounts to 40. 9 dB, which corresponds |
to E/Np = 43,9 dB. It was mentioned before, that /) - modulated FSK
voice requires 9 dB of E/No, and telemetry requires 13 dB of E/No. This

is an indication that a high level of RFI can be overcome by the system,

In determining this level, the natural receiver noise can be entirely neglécted.
On the other han.d,' because of high redundancy in telemetry transmissions,

voice is the limiting factor. Thus C/N required is 6 dB, and the amount

of interference tolerated in the receiver is -97, 1 dBW, | Considering the
spacecraft ét a 200 n. m. altitude and the difference of the free space loss,

the total integratea interference from terrestrial sources is 40 ciBW (or 70 dBm).
This is the maximum RFI power level registered by LES-5 and LES-6 in the

955-315 MHz range.

3. Random TDMA System
For purposes of illustration, a random TDMA method is p'resented here.
It has disadvantages, since at the receiver of any channel two or more signals

may occur during the same gating period, and interference will be caused.
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This interference may be small, if the period T is ldng, and the number of
channels is small, The peak power gain by pulsing thé signals may be of
a greater significance than the S/N reduction due to the occasional over-
lapping of two or more time slots, To avoid interference of two channels
on two or more consecutive pulses, the period T must be siightly different.
for each channel, and these individual channel periods cannot be multiples
of each other. In this case, the mutual interference become random, and
its effe.cts are th'e same as those of noise,

3.1 An Example Analysis

Consider ten channel system and random (non'—synchrondiis) transmissions.
Let pulse duration?lz 1 usec. The periods Tj are approximately 100 usec/
but each slightly different, say, by 1 usec (T; = 96 usec; T2 = 97 usec;

T3 = 98 usec, etc.). Thus, the probability that at a_riy»gating period two
signals will sharevthe same time slot by any time portion (between zero

and 7)) is " 0.1. The cumulative probability vs. the percéntage overlap

(ofT) is shown in Figure 5.

The interference of more than two channels will be of higher order, and is
neglected here. Furthermore, for simplifying this analysis, we assume that

the average overlap is 50%, which has the probability of 0, 01.

Consider that the information modulation is a binary FSK. Thus, when
mark overlaps mark and space overlaps space, no errors occur. When
space overlaps mark and vice versa, the probability of error is 0.5, Therefore,

the probability of error, when overlaps occur, is 0,25 for FSK modulation,

D-16



de1IaA0 sobejusoiad sA KFTTTUROId sATjeTnum) ¢ 2aInbTtd

| dvI¥3A0 3OVINIOHAd

| %001 | %o %0

T Q_o

zoo

AL1718v804d IAILVINWND

D-17



The total probability of error is

: n-1
PT= %_ 1-(‘1'1'1‘-)

wheréT is pulse duration, T is average period and n is the number of channels,

For7/= 1 usec, T = 100 usec and n = 10, Pp & 2 X 10—2.

This error rate is low enough for voice transmission. However, it will be
further reduced by the filtering, which is directly prdportional to the

ratio of the transmission bandwidth to the voice bandwidth.

For digital data, co_nsider 2 kbt/sec information to be transmitted by }

each channel, If TR100 usec and?” = 1 usec, the bandwidth ratio will

produce 7 dB additional gain, The final error rate for a binary FSK
-6

information modulation will be reduced to 10°°,

4, Equipment Description

Two types of EVA communication systems will be descrfbed. The first
uses synchronous time division multiple access, the second uses a non-

synchronous or random TDMA approach,

The synchronous TDMA Multi-EVA System is illustrated in éimplified form
in Figure 5A. On the left, the basic EVA configuration is shown while on
the right the spaqécraf’c equipment is illustratéd. The EVA. equipment
includes a recéiver and a sync tracker, This will receive a;ld traék the
synchronization pulse transmitted by the spacecraft. It will also gate on the
receiver at the designated time delay with respect to the synchronization
pulse. At this delé.yed time slot, -the delta modulated voice signal will

appear if the transmitter is synchronized. For this purpose a transmit tracker
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is used which controls the time when the transmitter sends out its .4 microse-
cond pulse. The voice or data input controls whether this pulse is sent on

the mark or space frequency.

The spacecraft complement consists of a sync generator which triggers the
transmitter and which produces a regular train of sync pulses, The sync
genérator also produces a series of gating signals for each of the expected

receive and transmit time for each of the EVA's,

For exa.mp_lé, an enabling gating pulse will turn the spacecraft receiver on
when a signal from EVA 1 is expected, If the signal is.present, it willibe
demodulated aﬁd sent to the sigﬁal processor. This in turn w_ill modulate
the transmitter on the succeeding transmit slot; with the appropriate
voice information, which is then sent out to the EVA,

4,1 Synchronous TDMA

The synchronous .TD_MA EVA system is illustrated in simplified block diagram
form in Figure 6. The signal from the spacecraft is received by the antenna
and passed on to an TR switch or diplexer. This normally feeds a gated'

RF amplifier. The RF amplifier is gated at the time whenvthe synchronization
pulse is expected from the spacecraft. The RF amplifier is also gated

at a specified numbér of microseconds after the sync pulse since this
corresponds to the time slot assigned to that particular EVA receiver., ~ When
the RF amplifier is gated on the signal is then passed on to a limiting IF
amplifiér and FSK demodulator., The output of this demodulator is gated again
at the apprppriate time so that only the deéired synéhroniiatioh pulse or

information pulse is passed to the appropriate processing circuits. The
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synchrohizing pulse is passed by the synchronizing géte and it is fed to the _
sync tracking loop. This tracking loop will search, acqﬁire, and track the
synchronization pulse transmitted by the spacecraft, The particular

EVA informatioi'l channel is obtained by adding a fixed délay following tﬁe
sync pulse., The delay is adjusted in each receiver to make the desired cvhannel :
selection, After the sync pulse is delayed by the speéified value the receiver

is gated on agéin and this time the output of the receiver is gated and fed to the
éudio circuits which incluvdef.,a delta mod demodulator and since the EVA

system controls .vthe position of the time slot relative to thé spacecréft

synch pulse, the audio channel output pulses are also a.ppll-ied to a transmit
tracking lbop. This tfé.nsmit tracking loop provid'es pulses at the appropriate
time for the modulator and the TR switch, One output pulse from the transmit
loop is used to gate the audio signal in the form of delta modulation to the
transmitter and via the RT switch to the antenna. The alternate pulse from

the transmit loop gates the data signal through the modulator and transmitter
and the TR switch to the antenna. The relafive time position of the transmit
loop with respect to the sync loop is controlled by the ré‘ceived audio output
pulses. As the EVA distance increases with respect to "the .spacecraft:the
transmit loop must be moved in relative time to assure that the desirec‘l
signal is $till received in the proper time slot; that is, the spécified number
of microseconds after receipt of the syhch pulse. Since the relative position
of the transmit ldop and the sync tracking loop is only a‘function of range very
little additional circuitry would be required to read out the phase difference of

these two tracking lobps and obtain a very accurate range measurement. A
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resolution of the order of 60 feet is easily obtainable,

| Figure 7 shows an example of the sync tracking loop and also the communi-
cations tracking léop. A voltage controlied crystal osciilator (VCXO)
drives an early/late jitter circuit which merely adds in a small amouﬁt of
delay at periodié intervals. | The output of this circuit is-then dividéd by
1'28 to provide 1_2é time slots per frame. One frame represents about

52 inicfoseconds ‘so that a delta modulation rate of 19, 2 kilobits per seéond

can be used, The output of the divider is gated with the input to produce

a pulse with a duty cycle of 1 unit in 128, This pulse is used to gate the RF

\

amplifier and the demodulated video. The divide by 128 circuit also drives
a divide by 4 circuit and thié controls the early/late jitter. It also drives

an early/late swifch, whicﬁ, during the early portion passes the video

signal directly, while it inverts the video signal during the late phase of the
cycle. Cdﬁsequently, an early minus late signal is generated; this is filtered
in a loop filter which drives the VCXO in such a directioh so that'pbroper |
track in the loop will be maintained. The concept of early/late gating and
tracking in the front end of the receiver has been used successfully in the
Apollo VHF Ranging System. It can be implemented with very sii’nple
circuitry especially when only a single loop is involved. An exa.fnple of sucﬁ
a loop is found ih the Apollo Range Tone Transfei_-.Assenjbly (RTTA). Since
practically all the circuitry is digital in nature, it lepdé itself very well to

extreme miniaturization by means of MSI and LSI techniques.

A multichannel synchronous TDMA spacecraft receiver is shown in Figure 8.
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The signal is received by the antenna and sent to a gated RF amplifier. This
i S
I : -

axlnplifier is gated on only for the duration of each expected signal. Its output

is further amplified and limited and then demodulated‘. From there, it is
applied to a number of gates, two of which are shown in the diagram. The
receiver gating is produced by a sync generator which aléo provides the
spacecraft sync pulse to the spacecraft transmitter., The sync pulse is
delayed by the spacing of the channels for each successive EVA signal, For
example, EVA-1 will cause his signal to reach the spacecraft a specified
number of rﬁicfoseconds after the synch pulse has been transmitted,
Consequently, at‘ the time of the EVA-1 signal, the RF. amplifier is turned

on and the demodulator output is gated on the channel 1 baseband signal

path. Similarly, when the signal from EVA-2 is expecte.d the fronf end of the
receiver is gated on and the demodulated signal is gated c;n to a baseband -

2 circuit, This process can readily be extended to 10 or more voice channels
and also an equal nﬁmber of data channels. In the case of the data channels,
there may not be a need to separate the signals since they are already
"multiplexed forluse in the computer, or other link fro¥h the spacecraft

to earth.

4,2 Random TDMA Equipment Description

- Figure 9 shows the Random TDMA EVA system. In this case, the transmitter
Ais esseﬁtially free running under control of a pulse generator. | This pulse
generator gates the transmitter modulator on and allows either audio or

_ data modulation to take place., The modulator then drives the transmitter

and the RT switch passes the transmitted signal on to the antenna. The random
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TDMA receiver ’can be completely independent of the frénsmitter. The
incoming signai is received by the antenna and passed via the TR switch
t.o a gated RF amplifier. The signal is then sent to a limiting IF amplifier
and demodulator and it is gated again under control of the communications
tracking loop. The tracking loop receives its error Signal from the audio
output of the receiver ahd by means of early/late gating maintains the receiver
gate in the proper time phase, It should be noted that channel selection
in the receiver is accomplished by sele.cting‘the PRF of the comm tracking
loop. The loop~-it‘se1f is implemented in the same fashion as the loops u'sed_
for the sync_hrohous scheme except that a variable division ratio .is used
instead of the dividé by 128. Each channel uses a r_elafively prime number
as a means of uniquely identifying the\c\:hannel and effecting the channel

selection,

,

Figure. 10 shows a random TDMA dual channel receiver. The concept

could readily be expanded to a ten channel reéeiver for use_in the spécecraft.
The various signals are received by the antenna and applied to the gated

RF ampl_if'i‘e‘r. The amplifier is gated on at the time whenever a signal is
expected. Once fhe signal is passed and amplified it is sent to the inter-
mediate frequency amplifier which includes a hard limitef and the FSK
demodulator. The oﬁtput after the demodulator is gated on to a number of
baseband channels.  Since each channel uses a unique pﬁlse repetition pgriod,
sepa_raté tracking loops are provided for each channel, Folr exam‘ple,

loop #1 gates the RF amplifier and the video gate on at the ﬁme when a signall
is eXpected frorﬁ E_VA 1. Similarly, tracking loop #2 gates on the RF amplifier
and the output of the demodulator when a signal is expectbed from EVA 2,
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However, the outputs are separated onto different signal lines so that separate
| signal processing can be applied. In the random TDMA system, the receivers
and transmitters are completely independent and there is no need for
crossconnectio’nvexcept for control of the TR switch. _Because of the
independence of the transmit and receive functions it is not possible to

extract range information from a random TDMA systém,

5. Conclusions

The following c_oﬁclusibns can be drawn about a TDMA Multi-EVA system:

a. TDMA pulses systems result in higher S/N ratios; the RFI
frofri"Earth fadiations of an integréted level of 70 dBm can be
ovefcome, and therefore the VHF band can b‘é used as well as

' rriicrbwave.

b. The system equipment is simple, since no power control is
needed, channel selection is accomplished By digital control
and »frequency stability requirements are trivial,

c. All EVA transmitters and receivers are identical (iﬁ_FDMA,
different filters and crystals are needed).

d. -~ All technology to build such a system exists from the Apollo-
Ranging and CSAR programs, and 100 w peak power VHF
transmitters with a 1, 6% duty cycle have been developed for
Apollo 17,

e. The S/N ratio, in addition to the peak power transmission, is
further i_ncreased by the elimination of the muiticoupler loss,

since only one receiver and transmitter is needed in the spacecralft,
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The;j RFI is rejected by the peak power and by gating off the |
récéiver when no signals are expected.

The total bandwidth required is less than that for an FDMA
system.

A random TDMA system, according to the p're'liminary analysis,
can achieve the transmission accuracies desix_'ed, although
fqrther evaluation is required.

Range information is obtained as part of the synchronization
process in synchronous TDMA' and it can 5e displayed at littlé |

additibnal cost,
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