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Jevelopment of an E]ectrode-Amp]trzclfﬁrneSs
System for Physiological Data Accuifition

I. introduction: Rationale for centra] nervous monltor|ng harness
. With the advance of space programs toward increased periods of

man s exposure to a we:ghtless environment, and‘undersea exploration
under greater atmospheric pressure, detailed and accurate physiological
'monitoring wiif be a-necegsity. New aoproaches are needed in bio-
instrumencation if physiological data of sufficient quality and quantity
for appropriate analysis are to be obtained from human subjects
working under these severe enviconmental stresses, Prev1ous manned
space fl:ghts have produced a consnde;able body of practical knowledge
in ‘monitoring of physiological functions. This knowledge has been
applied to the develooment of an e[ectrode-amplifier—harness system

for physiological data acquisition‘from physically active subjecls on

a non-inferference:basis under concract NAS §-7282, Of prime importance -
ere the e]ectrophysiologacal parameters obtained from the brain and the
heart. -Both organs are vita] to the.funct}on.of the individual, and

are extreme]y senSItxve in reSpondlng to changes in demands lmposed by
_ the body and.mind. When coupléd with other physiological signals,

such as those from eye mocements and electrical activity of suitable
muscle groups, they provide a quite substantial overview of the
.psychophysio]ogical status of the astronaut or aquanaut. These are--

of intereet-both a$ an -immediate objective and‘also because of their
_ fundamental ?mportance_to such phenomena as the incegration of vestibo}ar,
proprioceptive and visual cues in oriencing in the 1-6 environment,
'and in evaluating alterations in diurnal and circadian rhythms. A clear

- need to monitor these states is indicated by the findings during the
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short EEG récordiﬁg period in the flight of Gemini 7. EEG, E0G, EﬂG;
and temporal arteria& b]ood’pressurg are physiological parameters that
have " been uti]izeﬁ in assessment of physiological state, but are usualf&
obtained with constraints.imposed b§ sensing and tran;ducing me thods
currently available, -

éurrent methods ha;e_]ihitations in at least oqe‘of the follewing
areas: the retention of electrodes on_the skin surface of ; physically
active sdbject, the electrodes being ﬁncomfortab!e becausg of size‘or
methods of attachment, .short term usefulness, and/or tedious application
procedures. To ensure that the highest quality data will be obtaingd,
tﬁé sensor should be as simple to apply and comfortable to use as
possible without eomp}omising the qualit& ofAthe data.' The pr{mary
prob]eﬁ Ties in the attachment of sensing electrodes. From several
types of skin conpac£ é]ectrodes now availabie, the choice rests
essentiglly on ;uitability for incorporation int; a usable system:
For the EEG and EOG, su;h a system should involve head gear requiring
no more than one to_twé minutes to place on the head, be comfortable to
wear for long periods in a weightless environmegt, and have no
excessivé pressure points or cause restraint in head movement except for
unbilical cord wires if radiote]eﬁetry is not used. No sﬁec?él.
preparati;ns should be required except for application of an electrode
gel in minimal ameunts, and-no. adjustments should be needed after
placing the headgéar on the head, \
11, General system description
'a. The electrode cap

The"headgéar developed in this étudy is a té[]ored cap made of

four panels of lycra material with a foam rubber padded chin strap.
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At the back the outline of the cap allows for one inch separation of
the EMG electrodes over the trapezius muscles, and cI;se placement of
the EOG eiecérodes at the outer canthJs of the eyes., The ear holes

are large enough %o accommodate any sized ear, and-also_take account of

R
differing ear Iocafioﬁs. The flight caps should be fitted to the
individual user and the electrode sites détermined by thé investigators
at the time of fitting, using the international 10-26 EEG electrode
systém. T ’
:b. Eléctrodeg and signél conditioners
The electrodes aré conaected by pairs to six pre-amplifiers

which are either Integral with the eiectrodes or mounted'on the cap
adjacent to them. These amp]ifiérs each have a gain of approximately
3000, ;nd are connectea-as di%ferentiat pair;i The EEG amplifiers are
housed in a lucite box and stitched cnto the cap close.to the electrodes.
1t is énticipafed that smaller differential amplifiers can be developed
than those used on the prototypé cap. The amplifiers must be as _small
as possible to reduce excess mass on th;fcap, This aids in reducing
6ovement of the cap -relative to the head. The output is recorded on

-seven—chanﬁel tape within the spacecraft. The electrode must be capable
not only of recording without movement artifacté, but must also be
comEatible with the physical requirements of the astronagt's comfort
and ability to perform his required functions. The electrode-amplifier
system should provide millivolt signal output at low impedance; require
minimal preparation, be mechanically and electrically stable, and be
éasily replaced'for renovation or in the event of failure. The
principle prgb]eﬁ in recording low level bioelectrical potentials by

skin contact ljes in the electrode used to sense the potentials. The

electrode used is a compressed silver/silver chloride pellet housed in
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study of radiotelemetry of local-data transmission begin now,

a lucite form which snaps into the electrode holder in the cap. It does

not require adhesive contact to skin or hair., This electrode pellet

is essentially non-polarizable with a 5 to 125 microvolt bias potentfa],

- and exhibits a dr:ft of less than 16 microvolts in a 24 hour periods

it has.been proved electrically and chemsca!ly compatlb]e with
physiologica] solutions, such as Ringer's so]utlon_or normal sallne
whereas solid ﬁetél electrodes are not. ’

Since EEG, EMG, and EOG signals arémgot only low level, but also |
dernved from high impedance ‘sources, they are extremely susceptible to
sources of electrostatic and electromagnetlc |nLerference In order to
achieve an ear]y signal trans formation to a h?gh 1eVeI, low impedance
signal it is necessary to incorporate an ampllfxer at or near the

“ -~

eleétrodes Where radiotelemetry is not emp]oyed the hjgh SIQnal
levels avajlable from the boost amp!tf:ers make 10ng cab]e runs
feasible, but the nUmber of cables may introduce an unnecessary
encumbrance and restriction in fange of movement. 1t is is important,
therefore, to consideq.a local radiotelemetering syétgm for the -
transmis;ion of data from the éstéonaut to the vehicle data acquisition
system. in view of the ability of the astronaut to maneuver awéy.from

the vehicle, and the plans for -completely untethered-egfess as well as

the exploration of the moon surface, it seems even more imperative that

” ?

kY

c, The sponge " .

The innher diameter'of‘the e]echode housing is designed t; correspond
to the d:ameter of the sponge holder in such a way that the two fit
snugly. This sponge, filled with an electrolyte gel, makes contact w1th“

the skin, The height of the sponge holder is 1/16“ shorter than the

depth of the cavnty to assure no c0ﬁtact between the Sponge and the Ag/ﬂgCl
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pellet, thus eliminating any interference with the signal pick-up by
“the pellet dus to movementnog the sponge. The base of the sponge and
lip of the holder aré c;véred with a sealant to decrease drying of the
gel by minimizing surface ;rea of the sponge exposed to air, and als;
.to strengthgn the bond between the sponge and the sponge holder,
T The cone—éhaped sponge facilitates the penetratiQn Qé the sponge
tﬂrough the hair to make contact with thé skin and to damp ﬁovement
artifact, The oniy manipu]ati&ﬁ required of the astronaut besides
putting on the cap is filling the sponge with gel.
The remaining movement artifacts are attributable to movement of

—

the sponge-electrolyte surface relative to the hair and sca1p: These
artifacts seem to arige from disturbances in/?he Half cé]] potential
which exist at the interface between the ski‘n and electrolyte,

[t may be feasib]e to find an electrolyte having an appropr{ate:
concentration of ions or type of ions that will minimize standing _
potentials at the interface. Our continuing studfes seek such an
e]ectrglyte; if unéucc;ésfu}, a new sponge configuration will be proposed.
The appended Figure_l shows in séction a sponge which ;hows promise
in preliminary tests. The basic %eature of this sponge is that the
contacting end of the éponge (A)Y is retained in place by a circular
comb. {B) which is enmeshed in the hair or simply grips the scalp.-
MQVEmenté in the fabric will certé}n]y move the flange (D) but if the
sponge section (C) is sufficiently compliant, Smal} movements Qill
not disturb the contact point at (A). The teeth on the comb may
have éifferent lengths to accommodate differences in hair thickness.
The width.of flaﬁge (D) can be adjusted £o provide maximum comfort with

minimum interference between electrodes, It may, in fact, be possible

to mold a thick sponge rubber cap with depressions at the electrode



locations which can accept the electrode. Such a configuration,
however,-may be more restricted in the range of head sizes it can
accommodate,

' Since the potentials are measured through the skin, it Is necessary
to éstéb]ish én electricai{y sound connection from the electrode to

the usually dry skin. The usual way to establish this.contact is through
the use of electrically condqctive.so]utions, pastes; or powders,

The gel now used is made from a_physiolégica] salt solution, by a

slight adjustment of the salt composition of MEM's solution (Minimum
Essential Medium (Eagle,’H. . Science 130:432-437, 1953)), with

addition of two gelling agents and an antiseptic., Physiological
solutions do not u5ua]Hy offer a compatible interface with metal surfaces
since {hey-do not contéin sufficiently high ;;ncentrations of active metal
ions to m{nimize contact potentials; however, with the Ag/AgCi pe]ﬁet,
eXCesé-ions are available from the pellet at the interface so that
movement of thg‘flpid éoes qot.produce an appreciable change in the
concentration. The gel ieavés a minimal scalp residue on removal of the
cap and providés long term operation wiéhout interim manipuiatiﬁn.
'é. Temporal artery blood pressure transducer

A blood pressure transducer has been incorporated into the EAH

system to'sense relative blood pressure and heart rate, The transducer
is relatively free from movemen£ artifacts and gives consistent
reéordings wi thout ba;éline'Shift; [t has sufficient sensitivity to-
show transient changes in ;yStO]iCAb]OOd pressure, an aaequate-

frequency response {0.1 to 200 Hz) to identify the diastolic notch, and-

an output signal at low impedance sufficient to drive normal signal

conditioning equipment. The transducer is completely dry and utilizes
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a deposited semiconductor strain gauge element which produces 0.5 mV

Vi
signal with a 3V bridge drive., The retaining pressure zppears small .

enough to ensure astronaut acceptance. No pulsations sensible to.iﬁe
finger tips were present at pressurés necessary to produce a usable
signal.. The transducér and bridge supply are completely se]choqgaiqéd
“so that it can be conveniently used with an§ kind of moderately

'sensitive recorder. On the astronauts, the holdér for the transducer,
identical with the electrode ho}ders, will be located for each individual,
since placement must be within 1.0 cm for reliable results,

e. Accelerometer and microphone units

An’accelerometer channel provides inFOﬁmation about movement
of-éhe‘astfonaut and/@r of the spacecraft, aggqa microphone is located
frontally in the midline., The total system will be use%u] in acquisi£ion
of daté dgring many phases of-astronaat-tréinjng in ob%aining preflight
_baseline and control dqtg.

f. Spacecraft‘interfaces and astronaut requirements

Modifications to the space vehicle require installation of a
cable connector, or radio receiver if éeleme%ry is used. lThe final
weight and volume, one bound and 12 cubic inches, is the gpecification
for the proto@ype-but the flight ftem will probably be {ightér and
smaller with miniaturization of amplffiers and electrodes.

Since the cap will be used in shirt sleeve enviromments, no modi-
fications of space suits wiil be necessary, no preflight acces; to the
'spacecra%t is anticipatéd,‘and the utility of the éystem will not
be limite& by such factors as flight durat}on, orbit or trajectory.

The criteria for use of this system will be determined By the epochs

of astronaut time available for recording the parameters during any -



specific flight, Astronaut time required for helmet preparation will

be on the order of one to five minutes for each recording périod. The
eXpe}imentaI-procedures include only the application of a helmet
'system to the hea&. This would bé equivalent to donning & swimming
cap.wité a chin strap. The connecting cables are completed by the
insertion of a single connector into an appropriate socket, or if
telemetry is used, activating the power source and tﬂe receiver, All
these Instrumental manipulatioﬁs will bé-performed at the time of use
only, for once Initiated, recordings are cont}nuous and the astronaut

is free to perform ény funcgion. The power requirements for the EAH
system are % 6Y at 2 ma for the preamplifiers, 5V for the blood

pressure transducer, agd 5 amperes at 28 volts from spacecraft power

for the tape recorder, [t will be necessary’%; design hardware to
accomplish the data hand{ing proposed.,

i1, Data Analysis Methods

In addition to data acquigition, this laboratory has also developed

methoés of EEG analysis. These studies have Ted to analysis methods,
utilizing large scale digital computation, which can accurately evaluate
éhe state of the subject based on selection of EEG parameters derived
from é small data sample., The insidious development of-cumulative
changes, such as fatigue or defective attention, have been.iﬁvestiééted
by use of the EEG. 1t has been shown that subjects eﬁgaged ina .
moderately stressful task, such as driving a car in traffic, will.

begin to show more and more bufsts 6f alpha activity in the EEé as an
index of decreased vigilance. Ve haye also demonstrated loose and
consistent correlates of the scalp EEG with decision-making and responses

to psychological stress. These evaluation methods have been developed

in this laboratory and represent a distinct increment in the state of
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EEG analysis by use of pattern recognition techniques. The use of EEG
has also resulted in a far mgre precise quantitation of sleep processes
than is possible by other methods. 1t cannot be assumed that sleep
requirements will continue to be me£ in the highly artificial and
artifactual environment of space, Analyéis of the EEG recorded in space
“may give new insights into sleep and fatigue on earth., The successful
development of such a monitoring system.will a]sé have an impact in
clinical studies and in problems of occupational health.
IV, Detailed engineering specifications of electrode-amplifier-harness
a,- Cap construction
Th;.caps have been made by Alice Chatham, 50@3 Onaknoll, Los
Angeles 90043 ((213)292-3680) using the patterns enclosed, We found
that.this cut made a very good fit and allows adjustmenf for individual
fitting, Thé s?zés of the caps ére determined by the threé anthropo-
morphic heads made by Sierra Engineering,. 123 E Montécito, Sierra
" Madre, California ((213) 681-1dL41). Mr, Arthur of Sierra Engineering
used data collected from a sampling of Air Force personnel at Wright-
Patterson Field, Dayton, Ohio, by H,T.E, Hertzburg, anthropologist.
The small head is the five percentile of the sample., The mean or 50 -
percentile is the med jum -5 i zed head, and the large head is 95%, 100%
being the largest. Ve have found that these three sizes are sufficient
to fit several different head sizes and shapes because of the st}etch
in the material, and because the cap does not fit closely to the head
due to the sponges. The material is lycra power knit #441 -] made by
Rayflex Fabr}c,'lnc. and ordered through Alexander Puglia aﬁd Co,.

1033 g. Los Angeles Streef, Los Angeles, 90015 ({213)747-6153, The

material composition Is 26% 420 Spandex denier, and 74% nylon, 50 stitch
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at a width of 63" to 64V, Elongation is 130% by 85%. Some fluctuations
occur in the_e}ectrode-p]ace&ents from one individual to another; however,
'these arg‘minima]_and do'not affect the comparative vailues of the
rea@ingg-becausé the distance is poﬁstant be tween thé electrode pairs.
The strap was initially a one-ince wide gros-grain ribbog-with VYelcro
" to attach it to the cap, meking the -fitting adjustable on both sides.

This strap proved uncomfortable and was replaced by a foam rubber

-

padded wire mesh frame cut to the contour of the neck as follows:

' 133cm ]
. i I X
S¥em | 1
1 [ 2zcm |
VRN

This gtraplform,-aiso attached w}th_Velc%o was found more comfprtabTe.-
b. Eiectréde placement in the Cép_
' The gstronauts;ﬁill have caps individually fitted and the placement
of the elcctrodes will be aéterminéd for each individual, using the
“. 10-20 electrode system of the International Federation as described by
H.H. JaSper:- The biank cép }s placed on- the astrona;t’s head- and marked
for the placements of the electrodes, [n fitting the cap, electrode
placements must be consistent with this 10-20 schéme aﬁd, more importantly,
" for tranéduﬁer placement. Holes 0.5 inch in diameter aée cut at each
" placement.. fen grams of boquorninéasiiastjc 382 ted.ical Grade Elastomer
is mixed with five to_tea drops of its catalysé in a teflon watch glass.
-Thg-mixed elastomer is put into fhe top and bottom of the e]ecgrode
holder mold separately, with the ;gnter'posf in the bottom part. The
bottom part is.p!ated under the material w}th the center post in thé

hole in the material, making sure the material is over the largest part

of the. center post." The top pért of the mold filled with the Elastomer
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is put onto the center post and the two squeezed together, The mold
$ay be.ctamped togéther with a C~clamp until curing, about fifteen
minutes, Thé mold is removed and the excess Elastomer is trimmed away,
The ]uq}te mold works we]i with the Elastomer as long as_its sur face
-is‘kept clean, no releasing agent. being necessary. All the lucite

molds ‘and housings mentioned here are made by H. Tillson, Mefhanical

4
Development, Space Biology Lab. The electrodes are paired as follows,

-

using the 10-20 symbols: left and-r}ght outer canthis, T3 to F3,
¢k to 02, P3 to Of, F& to Ck, and EMG (placed below the superior nuchal
crest near the insertion-of the trapezius muscle}. These pairs are
connected to six amp]ifiers of a gain of ~3000 and the signals, with
the cther parameters, are recorded on a seven-channel taﬁe recorder
within the capsulé;
c. Electrode construction

The eIectréde is a compressed silver/silver chloride peliet; 4.0
" mm diameter by 2 mm thick, with a 5 mm silver wire, made by John Kater
“of Bionetics, Inc, Thé jucite housing has dimensions at the top of
?he housing which mate to the dimensions of the Ag/AgCl pellet so that
the pellet fits fiéhtiy,'with the si?ver wire through the hole at the
_ top of the housing, Microdot cable #250-3838 is used to make the con-
nection between the Ag/AgCl pellet and amplifier. The cable is stripéed
down to . the solid inner conductor, About 0.1 inch of the black covering
o%vthe inner wire should be left exPoéed. The cable is.slippeé‘through
the lucite housing and.the silver wire of the pellet soldered to the
exposed inner wire. The pe]iet'is then fitted into place in the holder

and the cable bent to fit into the groove on top of the lucite housing.

Scotchcast #8 resin is mixed according to manufacturer!s specifications
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(1:1) and heated in an oven at 50 to 65° Centigrade for seven minutes,
1t is then applied, taking care to cover the solder joint and the ca?le
in the grbove and allowaed to set overnight. The resin and the lucite,
Plexiglas by Rohn and Haas of Phi]adelphia, provide the insulation for
the signal pick-up area. #etween the electrode and the amplifier
Microdot coaxial conmectors 31-34 and 32-23 are used to allow for
changing and replacing electrodes or amplifiers. They are put on with
a special Microdot tool #10-0063,

Thé inner diameter of éhe housing is designed to correspond to
the diameter of.the holder part of the sponge in such a way that the
two fitﬂsnugly, The holder of the sponge, made of the same material
as the electrode Holder, Dow Corning Silastifk382 Medicél Gradé Elastomer
is made first, mixing 215 grams with two to five drops of its catalyst.
The elastomer is put into the mold so that no bubbles form on the surface
of the mold. The plunéer is pushed through and the mold allowed to
;et for.ten minutes, or until the material is no longer tacky. The
surface of the holder ;houid not be handled any more than necessary for
this interferes with the adhesion of the foam to the elastomer.

Uncured elastomer is used as an adhesivg between the elastomer holder
and the 5poﬁge cone; however, Dow Corning Silastic Medical Adhesive
Silicone Type A can be used instead. The sponge part is made. by mixing
5.0 ml of Dow Corning éi]astic RTVS-5370 with three drops of its

catalyst and poured into the cone shaped mold. The holders covered

with. adhesive or uncured elastomer, in their -holders are placed on

‘top quickly., The foam sets in about ten minutes and should be-gently

removed from the mold, The excess is trimmed away, The fcam has a
tendency to .stick to the lucite mold so a release agent, a 10% agqueous

solution of Tergitol, is required periodically. About half of the base
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of the sponge and the 1ip of the holder are covered with Genera{
Electric RTV-112 and allowed to set overnight, %he G.E. sealant
stengthens tﬁe bond between the sponge and the sponge holder, and also
- eliminates suéfacé area of thg sponge exposed -‘to air to decrease drying
of %he éel. |

. d. Electrolyte solution

The gel is made up of a physiological salt solution, two gelling

- agents, and an antiseptic. The salt sol&tion is a slight adjustment
of the salt composition of MEM's solution, which was dropping CaCl,

and changing NaHCO, to KH,PO,,, to’ increase "the buffering action

3

because”the gel is in contact with the air. The complete composition

is as_follows:

-

chemical mg/liter
NaCl 6800
KCt ' "~ Loo
MgCl, . 6 H,0 200
NaHzgoh o HZO 1500
KHzPOh 10

The salt solution is maae-with the given concentrations in a 1.0 liter'
vﬁfumetric flask .with 1,0 ml1 Zepharin chloride added, This solution

%s then. poured out in 100 m! portions and he%ted on a hot plate at a
temperature between 65 and 700 Cenéigrade with the magnetic stirrer

on. 2.5 g of Natrosol are added and dissolved, Then 2.0 g PVP is
added slowly, making sure that each part is completely wet, After all
’ constituen?s‘are in so]utién,'any g}obu]es are broken up. The solution

is stirred and heated until clear, or until the magnetic stirrer no
longer functions, It is then removed from the hot plate, covered, and
allowed to set for 24 hours before using. One gelling agent is

Natrosol 250, a nonionic water Soluble cellulose ether made by Hercules

Powder Company. Because of iit$ water soluble properties, Natrosol is



14

eésy to put into solution, and also easy to remove from hair.: Poly-
" vinylpyrrolidone tPVP), K-90 meéical grade made by General Aniline and.
Film &orpération of New York, is used as a stabilizer of the Natrosol
'ge]. As a preservativé of the ge]; the antiseptic Zephiran Chloride,
madé byfﬁinthrOP L;bs, is adéed at a I:IbOO parts water ratio. Dthér
.phy;iologica] solutions being tested for half cell potentials and skih

compatibility are Hanks' solution for an open system ( Hanks, J.H. and

Wallace, R.E, Proc, Soc, Exp. Biol. Mé&. 71: 196-200, 1949) and
Phosphate Buffered Saline, which is Indepeﬁdentvgf the environment
(Dulbecco, R. and Vogt, M.: J. Exp. Med. 99:167;132,-195h).

e. Signal conditioner specifications -

The EEG amp]ifiérg are made by Wems, Inc., &655 West Rosecrans
Ave,,:Hawtiorne, Calif; 90252 ((2]3)679—9?8?) according to our speci-
fications.- The‘gain is batween 2060 to 10,000 (66 to 80 dbd wité an
‘input imﬁédance:oF approximately 200 K ohms at a low gain-setting‘to
‘]00 K ohms at méximum gain, The frequency response is uniform between
0.40 ;nd 200 Hz, and the output impedance is 200 ohms. The common mode
rejection is 80 db and input noise figures which-erend on input
éransistor selection, are typically less than 1.0 microvolt RMS with
a bandpass from 5 to 200 Hz, The poﬁer required Is ; 6 volts-at z,0
ma %rom positive and negative ;uppiies. Sdpp1y current vériés Qith
signal input, so that a low impedance supply is desirable to prevent
:cross;a1k‘1n mu]tichaﬁnel applications., Supply vgltaée reject}on ratio
for the |C has a maximum of 100V/V; that fis, ID-h times the s&éply
Voltégé-variation appears at the Tnpué and may be confounded with input
signal. The modules are p]éced in the lucite box with the right '
orientation éo the holes and covgrea with Scotchcast #8 resin. The lea&

cables, of Microdot 250-3838 are_strippéd of the white outer cover and
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and the shielding retracted to one side. The black plastic is stripped
from thé inner wire leaving 1/8 inch betwsen the inner st;ipped wire
and the shieiding. The inner wire is soldered to Bl and B2 and the -
cable sﬁie]ding to tge signal groqnd. The Winchester sockets 2616 are
cut, covered with shrink tu?ing, and inserted into the holes in the
lucite housing. They are then soldered to the power:supply inputs,
module ground, and signal output. More resin covers the solder joints
and holds the 1id-on the box, —%he modules are stitched onto the cag
with the Winchester sockets toward the back of the head and the
amplifier close to its e]ectro&e pair, Once the electrodes are inl§he
cap ahd’the modules stitched on, the length of the wires between the
modules and the electrodes, and module to modu]e.can be detenniﬁed;
Winchester pins 2616 are soldered to the three-wires in thé_F]exicabIe
F203, made by Caltron Industries, 2015 Second Street, Berkeley, Calif,
94710. The ground is the white wire; 45,6 V, red wire; and -5.6 V; the
black wire. The pin solder joints are covered with shrink tubing. The
signal output cable is Hicrodot #260-3816 and is connected with a
Winchester pin covered with shrink tubing, too. The Flexicable and the
six sigﬁa? outpﬁt cables, and the transducer cable are braided together
and put‘Into a common ten pin plug that fits inté the tape recorder;
The individual specifications of the modules used are Included. The
two mastoid ground leads are connected to the amplifier ground wir;
agd.that soldered joint is covered with shrink tubing. 1
Suﬁmary of EEG signal conditioner specifications.

¢ -

Dynamic ranges - 5uV to 300u¥ @ 0,5 cps to 50 cps
Signal to noise - 5Wp-p noise @ .5 cps to 50 cps @)IDOKQ
Thermal range ~ as required -
 Operational capability - indefinite period
‘Band pass -.015 cps to 50 cps .-
Input impedances - 1 meg Q to 50 meg Q
Output Z - 100 0 to 1K { resistive @ 0.5 ¢cps to 50 cps
DC input leakage current ~ less than 1077 A
DC cutput offset - ]ess than 1 mV & 10w over temperature range



f. Blood pressure transducer
The bloed pressure transducer is made by Ge%eral %echnicé] éervices,
inc., of Upper Darby, Pa. When placing the transducer into the elecérpde
'ho]der in the cap, care should be taken not to put pressure on the front
end of the transducer as this couId overstress the pressure sensitive
element. The cable plug should then be mated with its socket on the
control box wifh the coupling switch in the D,C, pos;tion, and the
outputs connected td an appropriated recorder or oscilloscope., The
power supply should then be turned on, producing a few miliivoits D,C,
offset on the recording device. The cap should then be placed on the
head holding the transducer away to avoid excess pressure. With the
cap on the head and the transducer located over the tempora] artery,
the D, C output should be monitored to see t;;t it does not exceed
20 mV. An acceptable offset value is between 10 to 18 mV. Two final
adjustments are to move the transducer around until the maximum signal
amplitu&e is found, and to decrease or increase ihe offset pressure until
the signal amplitude is maximal. The average signal should be 1.0 to
2.0 millivolts for a blood pressure of 100 mg Hg. Oncé the final
:;djustmentg hafe been made, éhe output should be switched to the AC
position, thus eliﬁinating varying DC offsets introduced by changes in
the head position of the wearer; - -
Definftive schedules for collecting data ddring task performance

will be developed in tTelation to flight protocol,
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Appendix: Proposed flight system and spacecraft interfaces.

/s
Since there are 8 channels of data desired and only 6 data channels

available on the tépe recorder; it is planned to combine & channels iﬁto
2, - These. 4 will be voice qoﬁbined with pulse and EMG and EOG which Qi]l
be combined. Of these the EMG and EOG combination is simply achieved
by usigg two active filters, the outputs of which will be linearly summed
and then transmitted to a tape recorder. EOG will be filtered in a
passhband from 0.5 to 20 cy;Ies and EMG in a passband from 25 to 70 cycles.
it is proposed to use ing?grated circuit differential ampiifiers to
accompljsh the sumﬁing. Since thg signals are all AC it should be possible
to block DC drift which méy occur with this type of operational aﬁp]ifier.

The most cohblex of the combining operations wili be in the voice
compréssion and pulse, It is proposed in the voice compkession to filter
the outpgt of the microphoge amplifier into 3 bands. These are 2004090 Hz,
400-800 Hz and 800-1600 Hz. The output of the filters will be amplified, .
rectified and Emoothed‘using aﬁd RC circuit. The smoothed oﬁ%put for the
filter is then_usea to amplitude ﬁodu]ate a b cycle, 7 cycle, or 13 cy;ie
sinusoidal signal depending on the passband, The L Hz signal corresponds
to 200-400 th, 7 Hz to 400-800 Hz, 13 Hz to 800-1600 Hz., The 3 amplitude
moduiéted fow frequency signais are‘then linearly added énd autputed to
a second adder, -

The pu]sé signal from the transﬁhcer will be amplified anq\applied
to two differeﬁt circuits. The systolic pulse will be differentiated-
and ruﬁ into a Schmitt trigger, which drives a one shot which produces
a2 100 millisecond pulse, The output of the one shot is lead then into
a gate. fhe‘output from the transducer amplifier also is applied to a

peak detector which is sensing the peak amplitude of the systolic wave.
)
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%he output from the peak detector essentially is a continuously updated
voltage level. This slowly varying voltage is uéed to modulate a VCO
operated in the frequency range from 50~100 Hz, The output of the o)
- is applied to the gate and partially shunted around the gate, The
outrut'rrom rhe gate then would be 2 continuous sinuscidal signal which
. is periodically being augmented in aﬁplitude by the pulse. Thererore,
the output of éhe pulse signal conditioner will be a'continuous sine
wave which changes in frequency'éccord{né to the magnitude of the
systolic wave and periodically increases in amplitude according to the
occurrence of the pulse.. Sirce the important information is now converted
into th& frequency domain the amplitudes may be adjusted to be constant.
Since the pulse inform;tion is Iq the frequency range from 56—100 Hz"
it caa‘now_be combined Qith fhe output of théxvoice compréss}on unit to
occupy one channel of the tape recorder.. The frequency ranges of
iﬁterest then would be from 4-13 Hz for the voice compression and 50~
100 Hz for the pulse and pressure information.

The total bandpa§§ of th}; channel of the tape-.recorder is not
being utilized since there is a band from approximate1§_20 Hz to 50 Hz
which is available for recording other—information; It is suggested
that two accelerometers can be incorporated to utilize this band. One
at center frequency of about 25 Hz and another at a center frequency of

about 40 Hz. These two carriers wi]I be amplitude modulated according

‘to the amplitude of the accelerat|ons. In this way, changes iﬁ acceleration
of the head of the subject and of the vehicle will be recorded 1t will

be necessary to have xndependent means of recordlng the capsule acce]erattons
because it is not planned by the spacacraft people to monitor and record
each thrustor operation.

Tape channel 5 wil] therefore be very busy with so many different



parameters, however, if the signals are kept pﬁre as sine waves there
should be no intermodulation distortion and the various parameters can
then be separated again by simple filtering techniques. It is propoéed,
" for example, that the voice. data instead of being converted back into
itsgrié%nal frequency components simply be analyzed using the- spectral
.analysis program. The same .can be e::pplie.d to the blood pressure infor-
mation, Heart rate, however, will need to be separa£ed and reshaped

into pulses so that the intervals can be counted.

The attached illustrations present graphically the preceding

descriptive material in this Appendix,
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