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The attached work statement is aimed at achieving
a highly refined personal telemetry system
potentially usable in the MOL. 'The effort may
prove quite valuable if Douglas encounters
problems in this area. The equipment can be
used in local MOL simulations.
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" EXHIBIT A
STATEMENT OF WORK

DESIGN OF A PERSONAL TELEVETRY SYSTEM FOR USE IN A MANED ORBITING LABORATORY

o

1.0 IMRODUCTIOM '

1,1 The hesxt beat derived fram the éhcﬁroéardiom ig an easlily sensed
prrameter that is highly useful for monitoring crew meumbers engaged in praolonged |
sorce Flight, Average heart rates, for example, iudicate the gelati\?e caprdiec
coslt of various work tasks and exeredse. The beat-to-beat or A"ﬁl.‘nst:m"aaﬁem”
beart rate can e used to derive regpiratory informetion from resplratory sinus
arrhythmie snd to study pacemaker pesponse to cerdiovascular sthli. Beateto= |

beat heart rates also heve value im detecting rhytam disturbences.

L

1.2 To obtain maximun benefit from heart rate data the heart beat of ebch |
crew member should be sensed and recorded cantinuoualy. This sigaal cen be |

monitored on the ground in real time whenever the velicle is over s ground

receiving station. It can also be eonverted into & beatetovbeat rate signs) |

walchh can be stored on an on-board megnetic tape recorder, The accumuleted

sasormetion can then e dumped perlogicully $o the ground, thus providing con- l

tinuity of data. ‘
1.3 Bince the crew mesmbers in e nanped proiting labeoratory will be mobile \ l

enc. highly active their hesrt beat must be cobtained Withqnt any impalrment or .

hinderance. It would seem possible to meet these comditions by usimg o small,

lowv powered Celemetry link between eech crew member znd the vehicle date

processing egulipnent.




1. It 15 obvious that any personal/telemetry systen used in g manped
orbiting laborstory will have 10 be bhighly reliable, reguire virtually no
maintensnce or attention, work regardless of the mctivity o location of
irew mewbers, be small in size, require little power, be immme from inter-
ference, and not interfere with wehicle felemetry uf comsuni cations equip-
rment, That portion of the systelt worn Ly each crew member will have to be
small, lightweight, comfortably attached, ﬁon-encumbering and capablie of
béing worn under a nressure sult should a sudden loss in cabin pressure
occur. It is eavisloned that the transmitter would £4t into the pocket of
a constent wesxr garment which combains elecirode zensors.

1.5 The goel of the effort to be undertaken by the comtractor ils to: ()
study the numercus desgign approaches that could be uged in & persepal tele-
metry system for « manned orbltimg laboratory; (b) experimentally evaluate
the most promising desigas or equipment; () determine the best possible
design approach considering size, power consumptiocn, performance, relia-
bility, interaction with vehicle electromic equipment, ete.; and (&) desigm,
develop, fabricete, test and deliver the personal telemetry system selected.
2.0 BACKGROUND:

2.1 Numerous types of personal telemetry systems have been reported
in the literature. Personal telemetry ingtruments are =21s0 availsble on
The commercial market. Despite their existence it iz highly doubtful if
any of thege devices are capable of cantimmous, relisble, unatiended opers-
tion for periods of at least 30 days in a space venicle. Atialnment of

these difficult criteria will reguire an extensive design effort that




arefully weighs the interaction between modulation technigue, frequency
stablility, eyctem reliability, size, system complexity, power coasuuption,
ete.

2.2 For example, soms personel telemetry units use simple frequency
modulation in the 38 to 108 Miz bande. The transmitters in these systems
are very simple, consume little power ond can be nade gquite small., They
are, however, susceptible to drif% in carrier frequency due to tetperature
veriation, chenge im supply voltage, couponent aging, snd body mmént.
Tha drifi: uroblem might be solved by using o receiver which had an autome~
tic signal tracking capabllity. BSuch a receiver would, however, be falrly
complicated sad thus more prone to failure.

2.3 An alteraate approach might be to use a crystal coutrolled PY/FH
transaitter with a crystal conteolled receiver. Suﬁh a gystem would
:_)Z'Ol);t-.bl;j‘ require a somewhat larger transmitier., AlsOy a mb—carri;—:: Adlge
sriminstor would be reguired. Both this discpizdsator and the tramsmitier
asub-corrier oscillator would have to be highly stable or, again, & signal
cracking discriminstor would hawe to be used with an attendsnt incresse in
system compierity and o probable reluctiom in total aystem relizbllity.

Z.% A third approech might be to use pulse modulation. Pulse modula-
tion techniques, especi=lly the earrier "on-off” type would reduce the duty
- eycle and therefore possibly cut transmitter power comsuapticn. Pulse
counting equipment can be made quité stable and small. However, trans-

mitter size, simplicity of design, and reliability must Le duly congidered.



*.% Selection of operating frequency is another provlem that must bve
examined., Here attention has to be given to imterfersmce with other radic
frequency equipment, the effects of the body ou signel rediation, transsitice
radiation efficiency and signel peception within the vehicle.

2.6 The USAF § hool of Acwespace Meddcine bas had comsidersble
sxperience with personal telemetyy systems., It has developed sn instrument
which should receive considerstion for use in & manned orviting leboratory.
This system uses simple frequency modulation im the 88 to 108 MHz band.
ne frequency stability of the transmitter is 0.9 Mz ever & tamerciure
range of « 20 to + 100°C. 8igaal radiation iz schieved directly fron the
tagk coil of the oscillator. The radiated power ls approximately 75 mierc-
velts per meter st 50 feet. The deviationstoe-signal patio of the transe
mitter is spproximately 20 KHz per 100 millivolis. The transsitier
requires olus 6.75 volts at 830 mlcroamps,

2.7 The amplifier portico of the wndt has a differentdal input. It
«amployé Field Effect Transistors which eneble an input impedance of grealer
toan 2 thousand megohms to be achleved. The Ipequency respouse of the
auplifier 18 down 3 db at 2 Hz and et 50 Bz, The gain of the amplifier is
“9 db over a temperature range of O to 60%C. The coumpn wode rejection of
the amplifier is greater than 50 db. The amplifier reguires vius &.7°5 volts
at 400 microamps end minus 6.75 volts ai 300 microcmps,

2.5 The amplifier-traasmitber unit works very ectdvely with dry
electrodes having an inter-electpode iumpadance ia the vicimity of 200 K

ohme to 1 megohm ot 30 Hz., The Drequency of the traasmitied signsl is not



ltered w B8Oy a.ppréciable extent by body movement. The transmitier
requires no external antesns and radiates ﬁusable gignal in all directions.
The size of the amplifier-trancsmitter unit including batterdes is approxi-
aately 85 cubic centimeters. FBattery life with Mallory Type TRLLSR mercury
Latteries is 5 deys if the positive and negative supply batferies are not
interchanged and 8 days if they are.

2.0 An extended range autometic frequency control (AFC) device has
veen designed for use with the FM transmitter. This unitl is added to &
onventional FM receiver which has an sutomatic freguency comtrol, ocae BF
stage before the mixer and 3 IF atages beflare the limiter.

2.10 The extended range AFC device consisis of a integrator and a
sweep unit comnected in the AFC line from the discriminator. The integra-
tor tracks the discriminator output over the full range of the "S" curve.
When the automatic gain control voltage drops below 2 certaln point = saw-
tooth sweep generator is actuated which causes the recelver to sweep over
a range of 2 Miz. As soon as the signal is recaplured the sweep device
cutomatically cturns off, With such & unit slow dpift in transmitter fre-
qusncy can ve tracked and the receiver will sutomstically huat for the
sigual should it be momentarily lost due h a signsl dropout or change in
batteries,

3.0 SCOPE OF WORK:

Contractual effort will be divided into twe phases. The comtractor's

efforts will include but not be limited {03

)

.1 Study and Evaluation (Phase I) - The contesctor will:




J.1.1 Thoroughly exaumine oll design spproaches currently belng
uged i verious persdmal talmew syﬂteu, m mﬁm not ml:r e
cammercially Mabumsmuwmmmm (&
Wmmmummaanm '

components mdmmummbmmmqmmw
and the final demodulated signols)

341.2 Perform loboratery evelusbions of the move promising aystens.

3el.3 Corefully compare all exlsting persomal telematyy sysbess
in & trade-off study that takes eognizance of the requireuemis set Torth
under Sections 4. Cbjectives snd 5. Critesd rla.

3ul.4 Prepare reports of the tFede-off study snd the proposed
demign approach which rvepresents an optimdsed, higaly feasible degign as
determined by the trede-off anelymis. 4 briefisg sad review seebing con-
cexning the above will be held af the cmtorﬁ faciliity 60 days =fier
the contract has besa mgotiatad; Approval by the Alp Porce Coubpact
Moudltor of a specific design appioach Will be given after this megting and
vefore the contrsctor proceeds 0 FPuase IX. | ‘

3.2 ’:}cﬂsi;;n, construction mmd test _{&m I1): The cambractow wills

3.2.1 Design, Melop, coam aumble, Yest and deliver
working telemetry cystens, capable of trammaiifing e.:td recgiving the neart
beal of two crew members simultaneously. :

3.2.2 Provide sppropgiatc reports, test resulis, wiriag qad
schemctic diagrams, illustrations and operatiag lustructioas.




7.3 The end item equipment produced ‘under this contract will be a
woapking prototype system wbich ¢an be Mher «mw a8 en esperimental
walt in Alr Fopce leboratories. It will mot be uccegsacy for the conbractor
to flight qualify hardware, pam it for flignt mumm- m- o use
‘omponents or comstruction techmlgues thab conforn to Milifary Bpecifise-
tlens. The design approach seleeted shonld, howsver, permit flight hapde
ware to be developed at & leter date without the aged of a§ majoy reded.gn.
The eguipment delivered is to be functiopel, durable spd eapuble of being
uged in space cabin simulators, | ‘ |

3.4 Gotreme mipleturizotion is not the primary gosl of this coatrac-
sl effort. It is felt that sise specifications showld be sttalneble
without the need fur spscial comgtructics techniques or the use of costly
microcircult components. The Adp Porce will consider modifying voluse
cpecificabions should the contragtor feel thet these will be nsedlessly
difficult or coétly to schisve.

3«5 The centrector shell deliver all cortruct end items within 70
days of receipt of & pegotisted seontract.

4.0 OBJECTIVES: . ,

.1 The purpose of the praposed efffyt is %o armive ot a system vhich
will successfully telesmeter the heart Mﬁf sctive, mobile crew mombers
dwring prolonged space flight. The system ueed for thls purpose will con-
518t of those amplifiers, transsitters, Mimr:a, dlscrindnators, Cemodue
lators or other components or imstrurents meeded Lo aplily tae electrical
potentisols of the heart end relay them to fixed data processing equipsent




o such o form that they csn be converted into heart peite information.

S h.2 The equipment assembly required to sense, transmit, receive and
demodulate the heart beat, s so-ealled "persosal" telemetry system, must
be capsble of continuous, reliable, unsttended cperation ir a spare environ-
ment for periodsg of at least 30 days. Tramsmitisr batteries can be replaced
% intervels but it should not be necessary for the crew members to spend
ay other time in adjusting or calibrating the equipment.

4.3 The personal telemetry system i to ba capeble of operating from

balsa wood lithium chloride "dry™ electrodes. (Fischmann, L. J., Scelye,
de N., 20d Crutcher, L. R.; Cindcal Triel of & BulsaeLithiun Bleetrode for

Conventional Dlectrocardiography; Ancrican Jowmsl of Cerdlology; 10: Ok6-

851, Dec 1962). These electrodes will be held agaiast the skin by o strac
thus avolding the need for adhesives. No skin preparation or elactrode
paste will be utilized. Such clectrodes have a source impedance pengiag from
200 K onms to 1 megohm at 30 H: when applied as stated.

L.+ The personal telemetry system designed by the contractor does not
nave to transnmit an electrocardiogrsn of elinieal quality. It need only
transmit the OGRS complex. The RelWave of this complex should not be dige
torted since it will be used to trigger otp.er equinment.

'«5  The persunal telemetry system designed by the combtractor is to be
capnble of tranamitting a usablé signal from any location within en emply
metallic cylinder, 10 fuet in diameter by 20 feet in length without the
use of any eiernal sigral yadiator m a orewnan’s bdody other thaa {he _
electrade lewds. (It is assumed thes the receiving antemna(s) sre ocatec

within the ¢ rlinder.)



& Tred portion of the equipment worn by a crew member shell be
small, lightveignt end desigoed %o be loceted meer or mext to the body.
Uperation shnll aot be adversely affected by body wodsture or the poaition
of the {ransmitter relative to the skin,

“.7 For the purpose of thds contract it will be zssumed that the

personal telemetry system will be used in = apece' craft which employs the

same Type of radio frequency dewvices as thoze used in the Mercury and

Gemindi programs. It will not be necessary for the cautracbor to obtain
exact i‘éequencies of this equipment or to select a specific cheagel for
Jperation of the personsl telemetry system. He should ; however, select o
band taking into consideration imterference » aignal propagation, ebsorpe
tion or re-radiation of energy by the body, avallability of equipment, aad
the relisbility of such equipnent. |
4.8 I{ will not be necessapy for the contractor to design the sensiyg
clectrodes, determine the best placcment of such electrodes, or design the
equinment used to convert the ReWave lnto heart rate informeticn. Informae

tion In these areas will be made avnilable by the USAF S-hool of Aerospace

. Medicine. The School will elso supsly date om the personsl telematsy eguip~

ment that it has developed,
4.0 It will not be necessery Cor the contracior to supply flight
qualified or "Flight quelifisble” hardware as & firal contract end .tem mor
will 1t be necessary for him to periorm flight quaelifdcation tests or to
use ports or constructin vechnique: that conform dth existing Ml tary
Specifications. The design sypproac and gomponent s selacted Ly the cone
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£light guelified hardware,

:,10 The comtractor is to identify all significant signal radiations
from the personal telemetry system including asrmonic radiations frcm the
trensmitter =nd all radistions from the receiving equipment.

1,11 It is not necessery far the perscaal telemgiry system to be
supplied with a2 QRS signel amplitude calibpation deviee. Although the ampli-
tude of the QRS pignsl mny vary with temperature or vattery aging such
alterstions will be acceptable go long ag & sharply defined QRS cemponent
appeors in the output of the receiving equipment. Such a signal shall &t
all timea be at least 3 times the amplitude of any system moise, assuming
a constant awplitude BCG.

4.12 The perscnal telemetry system ghall contain =n externslly acces-

' sible single~cnded comnection which can be used to cbitain the heart beat
cignal st those times (luunch and re-entry) whea it will be desirable to
carry the heart beazt signel from the crew mexber Ly hapd-wire fo venhdicle
data processing cquipment. Signals obteined from such a tap must provide
5 ORS component which is at lexst 3 times the amplitude of eny system noise
or any electrical srtifact that might be peceived fram the electrodes (ex-
2lusive of motiom produced artifacts.)

“.0 CRITERIA:

The personel telemctry system developed umder thls conbtract shall have
the foliowing characteristics:

“.1 Transmitter:

5.1.1 Tre transmitter sh:-ll be no large: then 100 cubie centi-

meters including betteries, The lorgest dimenslon of the uniit shall be

0



3 centimeters.,

leas than 10 centimeters and ite thickness shall be less than

Sele2 The veight of the trasnsaftter ineluding betteries shall
be less than 150 grams.

“.1.3 The lﬁ"e of the betteries used in the transmitter shall be
such that & days (Ll hoars) of continuous operation gan be achieved beforc
battery replocement is required.

5el.4 The transmitter ghall use no external sigpal radistor other
than possivly the electrode lead wires. These wires will be no longer thsn
45 centimeters snd shall be capable of beding placed in any configurstion
against the skino,

2¢1.5 The transmitier shall be capsble of operating from dry balsa
wood lithium chloride impregnated electrodes. These electrodes when pressed
sgainst the unprepared skin generzlly have 2 source impedance of 200 X ohms
to 1 negohnm messured at a frequemcy of 30 Hu. To aveid signal distortion 1%
is suggested that the input impedance of the ECG amplifier be greater than
20 megolums .

“1.6 The transmitter shall be capable of eontimucus, satisfac-
tory operation for periods of at lexst 30 days without sdjustment cr atten-
tion other than change of batteries.

5¢1.7 The transmitter shall be lmemune from the effects of body
moisture and movement relative to the body.

5.1.8 The transmitter shall generste & usable radic freguency
signal regerdless of the locatiom of a crew member within an empty metal

cylinder 10 faet in dismeter and 2C feet in length. (It is assumed that

Ll




.

the receiving aatenna{s) can be located at any position within the cylinder.)

5,1.9 The transmitting unit shall be designed and peckaged in
" such a way that it has no sharp edges or rough surfaces.

5,1.10 The transmitter shall be capable of operating over the
raage of O to 50°C without deleterious effect on the gignal appearing at
the output of the receiving system.

5.1.11 The tronsiitter unit is to be supplied with a single-
ended tap for herd-wire comnection. The signal level sl this tap skall be
at least 1.0 volt peask-to-peak seross & 500 K obhw load when & 1 willivelt
seak-to-pesk signel is applied to the input of the amplifier portiou of the
trenamitter. The input of the amplifier ghould be differestial and the
amplifier stages preceding the tap should have a common mode rejection »atio
of at least 80 db.

5.2 Recelver:

©,2.1 The receiver poption of the personal telemetry system sbrll
ve desigaed in a menner that each roceiver hes s volume less then 3000
cubic centimeters.

T.2.2 Tue receiver shell be designed sc that it consumes less
than 7.5 watts of power at 28 (+ 4) volts de. ‘

5.2,3 The final demodulated owtput signal of the receiving device
shall be 3 volts peak-to-peak aeross 1 K ohms when a 1 millivolt peak-to-
aseek signal 1s epplied to the imput of the trepsmitiing umit.

£.2,4 The receiver shall be capable of operating roliably ab

semperature : betwern O and 50 degre:s cemtigrade. It shell be caprole of



u_r' -~

7ithotanding temperatures from - 30 io + 60 degrees centigrade.

5.3 Total System:

Se3«1 The total personal telemetry system shall be capable of
“hends-off", reliable, cantinuous operation for periods of 30 days excluding
changes of transumitter hatteries. The total gystem ghall have a meantime~
between-failures of at least 7,000 hours.

L.3.2 'Tne overall freguency respouse of the system (date signal)
should be flat between 2 Hz and 50 Hz (3 db points).

5.3.3 The total system signalieto-noise ratio under the worat
operating conditiona should be &t least 3 to 1 at 30 Hz,

9.3. AL radiations from the transmitter and the receiving equipe
ment shall be clearly identified as to frequency and relative level includ-
ing any harmonic or other spurious radiations.

5.3.5 The personal telemctry systeam shall be capeble of operating
at an altitude of 100,000 feet or i: the preseunce of 100% oxygen at a

pressure of 5 psie and a relative humidity of 85% in the stated tamperature

6.0 TASKS:
&.1L The contractor ia to periorm the followiag tasks:
6.1.1 A search and study of the litersture to ewaluate tic typ:s
of personal telemecry cystems that Lave besa develoned,
€.1.2 A surey of camser-ially manufaciured persoc:l telemetry

equipment ¢ deterrdne its potentisa’ suitability or the end applicatieon.

w



6.1.3 Lovorpatory test evaluations of the nost promising design
apppoachas and/or equipment. '

6.1.4 A mlti-peramcter trade-off analysis that welighs such
Pactors as size, weight, power comsumption, reliability, modulation tech-

nique, operating frequency, system complexidy, operating characteristics,

£.1.5 Sclection of the most pramising design approach based oo
{he trade-off study. -

6.1.00 Palrication and construction of o gystem capable of simul-
taneously monitoring two crev members.

6.1.7 Test of the pergopal telemetry system. Tests will Le per-
formed o insure that electrical and environmental specificetions are met,
58 well as operational teats. Operational tests of the system will be made
using electrudes of the balsa-lithiws chlopide type. Thae Adr Force will
supply the electrodes for the oper;:;tional tests.

G.1.83 Preparstion of peports, test data, diagrams and drowings.

7 PERIOD OF PERPORMANCE:

7.1 The contractor shell deliver all equipment and reports 270 days
«Pter issuance of the contract.

3.0 DATA AND REPOKTS:

3.1 The coutractor shall provide san eral bricfiag for the coniract
aonitor concerning the literature scarch, trede-of? mnslyses, preli.daexry
test -valustions, and t:ntative design approsch oo or bsfore the 60ch day

sfter izsuarce of 1he ¢ mbeact and rior to the frwrication oI end (tem




aardwere, The contesctor gholl also provide informsl montily progress
reports. At the comclusion of contraet period the contractor shall

provide the reports listed in the attached DD Form 1483.



