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In accordance with Exhibit C of this contract, we under-
' took to produce two sleep monitoring display consoles which would

be capable of simultaneous display of these entities: .
‘ |

a) visible indication of the current sleep stage of each
subject, ' ' '
b) a cumulative, numerical display (in hours and minutes) -

of the total amount of time the subject spends in each
stage, and

c)  a stepwise, graphic recording of subject sleep stage
versus time. ' '

‘The sleep monitoring display console as originally devel-

oped has been described in detail in the Final Report to Contract

NAS 9-10747, Deve10pment-and Testing of a Prototype Operatidnal

.Systerﬁ for Automatic Monitoring of Sleep During Manned Space
Flight, May 31, 1971. An improvgd gnvit has ll)een buil;c, and two of.

4 fhese impro§ed priits (serié.l numbers D-4 and D-5) have been
deli;ered.

Prototypé Display Console

This console, as specified in Exhibit C and described in
the report cited a{b0ve, was designed to be located at the remote
r.nonit'érir}.-g site and to éccept the seven-level voltage output from
the M133 slgep monitoring systerh, providing the necessary three

- display modes.




Circuit Description.- Fig. 1 shows the component afrange-

ment for the prototype console, which operates as required in the

statement of work for Exhibit C.
Modified Display Console

This unit is likewise located at the remote monitoring '
site and accepts a seven-level voltage input which is proportional

to the state of sleep. The unit provides these simultaneous display .

modes:
-1, a visible indication of the subject’s current sleep
' stage, ' '
2. a cumulative, numeric display (in hours and minutes)
‘ of the total amount of time spent in each sleep stage,
and '
3. a stepwise, graphic recording of the subject's sleep -

stage versus time.

Circuit Description. (See Fig. 2.) A voltage level,
which 1s proportional to sleep été}ge (Asﬁee Tablé I), enters the display
" console where it is presented to the common inputs of é _s'erie‘s. of
seven comparator circuits, each corresponding to one of the'pre->
defined stages. The refe‘rence levels of éach comparato:-r are fixed
~ such that the compafator will respond only if the inpﬁt- voltage is
within a narrow r.ange aBoVe of beiow the specified voltage value -

for the Aparticular stage, as indicated in ’fabl_e I.




The'output of'e.'ac;h‘ comparator is no?mally held at- a4-
Pbsitivé ;ra'lue. When the input voltagé falls within the range éf a
pairtiAc,ular corﬁf;araitor, its output is switched to_zeré, o'r grc;und,
potential; 'S-ince thé output qf the v"sleefp a.-nalyAz‘er is res.trficted‘at all
timtés to oné oflthe seven spegifiéd l'e.\'/els,‘ one cdmp,aratqr will
ai’ways_ be éwitched ”‘ori“ (éero"volts outpuf). |

Each s'tavge—Adeteéfo? .cbrﬁparator c'onp.ectls‘to a relay-
driving ‘circuit c_érriposed of two '2N3,646 frénsistors and assbciated
.compoqents, Q1 and Q2 (s~eé Fig.._ 2). The first tra--nsi‘stlor of the
pair, Ql'is norrﬁéih} held ip the ';on” c_iondition, "sinc':'e t-hél I:)ositiv.e'
output of th¢ compa;rétor circuit -is‘ éonnected ',tQ its base through a
1.2 kn resistor. ASincc.a the secqnd 2N3646, Q,, is driven from
the collector'of the first, it is normally héld in the "'off" ;:ondition,
and conseqqentiy fhe relay in series with tlirl'e’ collector ;'>f the QZ
is normally inactivated.. o

When ‘one of the stagé ‘éomparators switches to the ''on'"
cc_'ndi‘_ti'or-l, Q, is i’_mmedianlt'ely sw-vitched '.'offf '" However, because of
fhe 500,1.1}.%; capacitpr located betwéén ti'le -collector and ground of
Ql’ Qz-dqes.not S\',vitc'il ’fdnf'. ir%xme-:_diately but'does so after a delay
;iﬁme (capacitor ché.rgé‘ time) of appz}gxirﬁé’cely 0.5 sec. If the stage
éompar_?.tor_'féverts to-tllle‘ ."off”_céndit.ion, the relay is irhmezdiatély

S inacti\;ated, since Q, goes ''on," immediately shorting thé 500 nF

<




4capacitor to ground; thereby turning QZ ""off, " This'O. 5 sec on-time
delay is. nécessary to compensate for the iner‘tial "co.asting',' effect
when the éla;pséd-time indi'.cator is turned off. .
.Coﬁsequently, aﬁ any given time one of the delaf circuits
‘will be found ''on, ' thus showing the current sleep stage ihdicatéd
by the anal&zér. When in;the "on' condition, eéch double—;;olle
relay acfiva;ces its. corresponding panel lamp 4(Drake 5131-—07%) to
~ indicé.te the current stage of sieep and s-imult_aneously tﬁrns on a
cumulative~time indicator fclllock (Céslon 701). Each elap"sed-tirhe
indicatdr thus keeps‘ a curriu_iafive record of th;e amount of time the
- corresponding panel lamp is illuminated; and this value is equivalent .
to the total amount of time o-ccupied by th-at particular stage of sleep.
The. inp'ut.signal.to the display conéole (since it is an |
anaiog voltége prOportionai to sleep sfage) may 'alsq be utilized
é.fter su_itablé é.inplification to drivé the vertical axis of a sj:rip-
chart recordgr to obtain a g?aphic pquilé of sleep stage versus
time, Initialérnplificat.ion is prévided by the Fairchild 741
| opérati-onai amplifier and final arr-lpl'iﬁcation by the differential
cbnﬁgﬁrat_ior;-consisting'éf one 2Ni3Q4; one. 2N13,74 and two
2N_456 t‘ra;ns‘istors. This circuit is sufficient to drive t'he.pens of
the M. FE n;o&el M-2 récorder, which runs at a speed of.

approximately 7 in. /hr.




- Operation and Care of DiSplay_Cohsole Units D-4 and D-5 .

Spe‘ciﬁc':ations

Power Input:

‘Telemetry Signal Input:

Output:

Operation

110-120 V a.c., 60 Hz

+.92 to +4.72 V d.c., sevén discrete
voltage levels as specified in Table 1.

Strip chart recorder; eight pilot lamps,
one indicating total time, seven corres-
ponding to stages of sleep. Eight digital
clocks, one accumulating total time,
remaining seven accumulating time for
specific stages of sleep.

1.  Place POWER and TIMER switches in the OFF position.

2. Plug POWER CORD into 110-120 V a.c., 60 Hz outlet.

3. Apply proper telemetry signal voltage to. B,N. C. connector
on the back of the unit (one of seven discrete levels).

4. Zero TIMERS by rotating the dial downward.

CAUTION Do not attempt to rotate the dial UP.
--Do not tOuch the numbered flaps.

If at any time the numbered flap stops on
the lower edge of the visual access hole,
gently press inward on the SETTING DIAL,

5. Place POWER SWITCH in the ON position.
The chart recorder and indicator light are now operational.

6. Place TIMER SWITCH in the ON position.

UNIT IS NOW OPERATIONAL. '




TABLE 1
Volfage Values for Sleep Stages

Awake .929 v

= 0
Stage 1 1.561 Vv
REM 2.194V
Stage 2 = 2.826 V
Stage 3 = 3.459 V
Stage 4 = 4.091 VvV
0 = 4. 723 V

Stage
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