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EVALUATION OF NONINVASIVE MEASUREMENT METHCODS AND SYSTEMS
FOR APPLICATION IN VITAL SIGNS DETECTION: Part 2
BREADBOARD DESIGN OF A YITAL S5IGN DETECTOR

bﬂ
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INTRODUCTION
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In the event of chemical warfare, military medical technicians must be
able to identify and treat victims exposed to harmtul chamical agents. To
determine which victims are in need of immediata treatment, a diagnostic
tool is needed to help medical technicians in the performance of triage.
This study was divided into Part 1 and 2: Part 1 required a detailed search
and evaluation of  current literature on noninvasive methods and
instrumentation techniques to measure vital life signs [1). Part 2
describes the fabrication of a prototype systenm.

The main purpese ©f the Part 1 was to evaluate current literature on
noninvasive mathods and instruments in order to provida recommendations on
direction ¢f technical development which could lead to a system or device
for measuring vital life signs of incapacitated military personnsl in a
toxic field environment. Specifically, tha first aim of the study was to
determina the sat ©of physiological parameters most likely to provide the

‘ vital life signs rnecessary to assess the seriousness of a casualty. This
assessment involves the concept ©f triage categorization of casualties
according to a priority for further assesiment and tresatment. A survey of
patients encompasses threa techniguas: (1) establishing adeguate alrway,
(2) checking the patient's breathing pattern, and (3) checking for presence
of pulse for heart rate and relative pulse pPressure strangth. The four
physiological neasures considered primazry vital 1life signs during an
emergeancy assessment in order of priority are: (1) respiration rate or
respiratory sounds, (2) heart rate from the raw zardiac (ECG) signal or
sounds, (3) blood pressure, and (4) core temperaturas,

The second specific aim o¢f the study was 0 aevaluate currasnt
noninvasive techrnigues and systams ‘'hich could perform desired life signs
detaction in a £field environment .ithout viclating the integrity of <she
protective garment, The resulty of Part 1 of this final raeport [l] are
summarized in Table 1. The four most promising methods/aystems in order of
utility ranking are:

(a) an electromechanical davice such as an elecironic
stethoscopae tc measure respiratory and cardiac sounds;

(b) a dry electrode/bicampliZier system to measure the
elactrocardiogram (ECG);

(¢) an infrared device to measure arterial pulse and skin
temperature;

(d) sphygmomanometer ‘stethoscope to measure blcod pressure.
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The throat area appears to be the most accessible bedy surface for a
person in a protective garment, and a combination of an electronic
stethoscope plus dry electrocdes may provide essential information. A
suggested braadboard system was fabricated and demonstrated.

The davelopment of a vital life signs detactor must consider the
limitations of personnel in a toxic environment, the greatest restriction
baing protective garments which all personnel must wear, and the need to
avoid exposing incapacitated personnel to the contaminated environment,
The garment is desi¢gned to encapsulate anrd prevent toxic agents grom
reaching the man, but, in addition, the garment also limits accessibility
to any othar body surfaces. Only the area of the throat underneath the
protective hoocd, between the mask and jacket, can be exposed by lifting the
front of the hood carefully. Ideally, the vital life signs detector should
be . nencontact, be noninvasive, and provide as many as possible of the
physiological parametars required by emergency teams to assess the
condition of incapacitated personnel.

Thig report fulfills the requirement of Part 2 of the study, the
fabcication of a prototype vital life signs detactor. The prototype vital
life signs detector includes an selectronic stethoscope, 3 set of dry
electrodes, and a thermistor proba. This report prasents the clircuits
nNecassary to obtain respiratory sounds, cardiac sounds, one channel of
slectrocardlogram, and skin temperature (T,.) measured from the area of the
throat,

e "2 " s A NN e T O TN R s R R
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A neckbrace was used to hold the transducers, Separate signal lines
connect the transducers to the alactronic circuits enclosed in an aluminum
box. Tha sengors mounted in the neckbrace are shown in Flgure l.

Since the electronic stethoscope is commercially available from Sela

and protected by patent right, no discussiocn of the internal electronic
circulitry is presanted,
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Figure 1. Sensors mounted in neckbrace.
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NONINVASIVE, DRY ELECTRODE, ECG SYSTEM

The conventional clinical method for noninvasively recording electrical
activity of the heart is the use of disposable elactrodes. The two major
types of surface electrodes are classified as "wet" or "dry" electrodes.
Wet electrodes act as a conductor to establish electrical contact with a
nonmetallic portion of a circuit (i.4., the human body). The alectrode
operates as an alectrochemical transducer to change ionic current into
slectronic current by means of a paste or jelly as a conducting medium
through which a current may pass between the skin and electrode [2]. Many
problems exist with the "wet" electrodes. First, the skin must be prepared
in a manner which produces abrasion of the superficial skin layers ([3].
Second, the paste or gel is irritating to the skin, especially in long-term
situations. The paste also acts as a site for bacterial fungal growth [3].
Third, 24 to 48 h after application, polarization of the electrode occurs
and causes electrode breakdown. Often this polarization, which is caused
by lowered skin resistance due to increased epidermal parmeability, causes
a 5~to-10 uV DC drift and alters the recording [4]. Finally, with "wet"
slectrodes, body movements must be limited, since movement at the electrode
site results in noise (large motion artifacts) on the output [2].

Dry electrodes operate on the principle of displacement current or
capacitative coupling with the slectrode as one parallel plate and the skin
as the other parallel plate. Dry eslectrodes do not require paste to create
a path for ion flow [3], nor 4is there a need for skin preparation.
Additionally, long-term electrode polarization is not exhibited., However,
serious problems exist with motion artifacts when the dry electrode is not
waterproofed [5,6]. Since active dry electrodes as developed by Ko et al.
[7,8] are not commercially available, stainless steel discs were used as
dry electrodes. High dinput impedance precision field effect transister
(FET) operaticnal amplifiers (Op Amp) with low input bias current were
configured to provide impedance matching and high common-mode rejection
ratio,

A basic problem of cardiac monitoring systems that Lincorporate dry
chest electrodes L1s that a low impedance ground path to the common
electrode Ls required. A dry electrode, as a common reference cannot be
used with conventional differential amplifiers to reach a high encugh
common-mocde rejection ratio (CMRR) in order to effectively reduce the noise
of the system. PFor this reason, Fraden et al. [2] designed a driven ground
slectrode as a ueans Of lncreasing the overall CMRR, The driven ground
electrode Lis controlled, or driven, by the common-mode signal into the
differential amplifier. This technique ensures that the driven ground

eloctroade is zerc with respect to the ground of the system. This technique . E
also results in minimal noise and artifact compared to a nondriven ground ._
elactrode (2], To overcome this problam, and the prcblem of having to b

adjust or tune the circuit for maximum common-mode rejection with changes
of skin-electrode Jimpedance between Ssubjects, National Semiconductor
LHOOS2CD operaticnal amplifiers were wused in a voltage follower , .
configuration between the electrcdes and the high CMRR differential ﬁ
circuit., In other words, the voltage follower acts as a "buffer" between o
the high impedance capacitive electrode and the high CMRR differential '_:‘,-;
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circuit. The desirable characteristics of the voltage follower at its
input and output terminals that permit it to function as a buffer ate very
high input impedance (for the LH0052CD, the input impedance is 10*% ohms)

and very low output impedance (for the LHO052CD, ths ocutput impedance is 75
ohms) .

Circuit Description

The componants available for implementation of the design include basic
operational amplifiers, potentiometers, resistors, and capacitors with 2% to
10% accuracy. The dry electrode ECG monitoring system consists of five
stages. The first stage consists of buffer amplifiers in the voltage
follower configuration, The second stage constitutes the high COMRR
differential amplifier portion of the circuit. The ¢third stage is a
fourth-order 60-iz band-reject active filtsr. The fourth stage is a
fourth-order 3-~Hz high-pass Butterworth active filter. A fourth-order 200-
Hz low-pass Butterworth active filter constitutes the fifth (final) stage
of the monitoring system. An oscilloscope Or computer can be coupled to
the output of the final stage (Firs. 2 - 5),

Buffer Stage

Each dry electrode was connected to a National Semiconductor
Corporation LHOOS52CD precision TFET Op Amp connected in a voltage follower
configuration as shown in Pigqure 2. The high impedance of the alectrode

(greater than 3 megachm) is seen by the differential amplifier circuit as a
75 ohms low impedance source.

High CMRR Stage

For the high CMRR gstage, three National Semiconductor Corporation
LHOO52CD precision FET Op Amps wers connected to form the high CMRR
differential amplifier portion of the circuit as shown in Figure 2. Those
ocperational amplifiers were chosen for their high input impedance of 10t2
chms and very low input bias current of 1.0 pA.

Filter Stages

Following the differential amplifier stage were three active filter
ftages. The first filter stage’ consists of dual Op Amps, LM 747,
configured to obtain a fourth-order band-reject (filter. The center
frequency for the band-reject filter was set at 60 Hz. The veoltage-
controlled voltage source (VCVS) configuration results in unity gain
through this stage. By setting center frequency and the desired quality
factor (Q) at 10, the resulting filter band width is 6 Hz. Resistance and
capacitor values are calculated and the filter is configured as shown in
Figure 3. The ocutput of the 60-Hz notch filter ls connected to a high-pass
filter with the cutcff freguency at 3 Hz,
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Figure 2. High impedance buffer stage 1s shown connected to the high common-mode
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rejection ratio (CMRR) stage. Amplifiers 1 - 6 are high precision FET
Op Amps NSC LHO052CD. The output of the CMRR stage 1s input to the
band-reject filter.

%W

3% 330 70K

Figure 3. Band-reject filter. A voltage-controlled voltage source (VCVS) configu-

ration 1s used to obtain a 60-Hz band=reject fllter with a bandwidth of
60 Hz and a quality factor (Q) of 10. The output of this stage is con-
nected to the highpass filter stage.
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Figure 4. High-pass filter stage. A 747 Op-Amp is connected with elements to form
a fourth-order high-pass filter with cutoff freguency at 3 Hz.
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Figure 5. Fourth-order low-pass filter stage, A 747 Op-Amp is connected with el-
ments to form a low-pass fiiter. The cutoff frequency for tne low-pass
filter is 200 Hz. The output of this stage can be displayed on an oscil-
loscope.
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High-pass Filter Stage

, T™wo second-order high-pass Butterworth filter natworks are cascaded in
“ series to produce a fourth-order VCVS filter. Each second-order network

has a gain of 4. The generalized transfer function of a second-order high- A
o pass filter is given as: %ﬁ%
¥ "l
d Via(®) K s? . .

Hpp(s) = - 2 (1) .
% Where: K is the network gain=4,
B a & b are the normalized low-pass Butterworth
filter coefficients, and
5 We 18 the cutoff frequency in radians per second.
fﬁ Values £or\5ha capacitors and resistors are computed by the following
Q equaticns:
? C = L0/f, uF = 3.3 uF (2)
LN
) b -
& R, = = 10K ohms (3
) [a + Vn! + 8b(K-1)]w. C .
\ .
R, = b/(w C?R,) = 26.2K ohms (4)

R, = KR, = 40K ohms ()
: Ry = R,/(K-1) or = 13.3K ohms  when K>l (6)

The high-pass filter circuit is given in Figure 4. The output of the high-
. pags Lfilter stage is connected to the input of a low-pass filter with
cutoff frequency (f.) at 200 Hz.

-

A

Low-pass Filter Stage

[ P g

AsS before, two Second-order, low-pass, Butterworth filter nhetworks are
cascaded in series to produce a fourth-order, VCVS, low-pass filter stage. i
Each network has a gain of 4 rasulting in a total filter stage gain of 16. i)
The generalized transfer function of a second-order low-pass filter Ls )

: given as: . é%
L \ !
Via(8) Kbw .

c

-
:' HLP(S) = e 2 2 (7) t.‘:w
b Vou.(8) $° + aw_s + bw, *if
S where K Ls the stage gain (K=4), ‘:ﬁ
: a4 & b are the normalized low-pass Butterworth . iﬁ

filter coefficients, and CaN

W.=2pi(f_) is the cutoff frequency
in radians per second.
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Values for the circuit elements are computad as follows:
C, S 10/¢, » 0,05 uF ' (&)
The closest capacitor value is 0.047 uF,

[a, + 4b(K-1)]C,

c, S = 0.15 uf (9
4b
2
R, = = 13,4K ohms (10
[ac, + /la® + 4bYK-1)1C; 0~ 4KC,C, 1w,
R, = 1/(bBC,;C,Ryw.?) = 6.7k ohms (11)
R, ®= K(R, + Rp) = 80.4K chms (12)
Ry ®= Ry/(K-1) = 26,8K ohms for K>1 (13)

The low-pass filter circuit is given in Figure 5. The cutput of this final
filter stage is for connection to a monitor or processing system. Tests of
the ECG monitering circuitry are categorized into two types of tests:
static and dynamic.

Static Tests

The first step is to zero the operational amplifier circuit from other
stages, both inverting and noninverting inputs are grounded and the 10K
ohms null-offset potenticmeter is adjusted until the amplifier output Lis
zero.

Common-mode Tast

To adjust the high CMRR differsntial amplifier stage, a common signal
is appliesd to the noninverting inputs while the inverting inputs are
grounded. Then the 20K ohms potentiometer between the LM0O052CD amplifiers

4 and 5 is adjusted to minimize the output of amplifier 6. 1Tne common
signal is usually set at 60 Hz, since it is the most coumon undesirable
noise.

Dynamic Tests

Once the system static tests are completed, dynamic testing is
performed by incorporating the working circuit into the environment for
which it was designed. Dry electrodes were placed at the throat with the
active electrodes on the side of the neck and the common at the trachea.
Results shown in Figures 6(a) and 6(b) indicated a visible ECG (lower
trace) with at least a 5-to-1 signal-to-noise ratio. The signal Lis
sufficiently clean for heart--rate monitoring or use of the R-wave for
timing reference.
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Pigure 6a. Output signils recorded from the prototype system show quiet breathing
from the elactronic stethoscope placed at the trachea. Heart sounds
may be seen through the respiration signal. The lower trace ls the ECG
obtalned with the dry eslectrode system from the area of the neck.
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Figure 6b. Continuation of the signals shown in Figure 6b. Note that the heart
sounds can be readily seen as the breathing is temporarily held.
vertical scale 0.33 In. = 0.5 V and horizontal scale 0.33 in. = 0.5 s.
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SURFACE TEMPERATURE DETECTOR

Basic Theory

The surface temperature of o human tends to be ¢ to 8 °F below the corae
temperature, which Lis between 95 and 102 °F, This surface temperaturs
difference i3 largely dependent on the thermal properties of the skin

temperature (T,,) which searvas to help regulate core temperature. Skin

temperature varies as the blood flow is shunted to or away from the skin
surface to dissipate or consserve heat, respectively; this is aspecially
significant on the surface of the extremitiaes. Despite the variations, the
mean surface temperaturs rises or falls with corresponding changes in core
temperature. Measuring the T,, at the neck appears appropriate when access
to the body is limited by a protective garment. The T,, at the neck does
not tend to vary appraciably with changes in surface vascularization. This
surface vascularization is due to the thinness of the tissue and the lack
of heavy vascularization in the neck area, This section discusses the
method and describes a circuit by which 7T,, can be measursd, but not the
application of the measurements to physiological data interpratation in
vital life signs.

Thermistors

A thermisfor is a samiconductor resistance temperature detector. The
resistance of the bulk material is affected by the temperaturs to which it
ig subjected. Genarally, thers i3 an inverse relationship Dbetween
temperature and resistance. In addition, thermistor resistance i3 affected
by the strain applied to the device. This resistance ls a sourca ¢f noise
and should be avoided when mounting the transducer., Thermistors are not
always linear for large changes in temperature; however, the physiological
range for surface tamperature is comparatively small and a linear
approximation of the resistance to ‘temperature relationship can be
considered sufficiently accurate. The resistance to temperature dependence
is given by the following relationship:

R ™ R(to).C(l/‘ - 1/‘0) (l‘)

R = resistance &t temparature t in ohms,
R(ty) = resistance at temperaturae to Lin ohms,
C = material constant,

t) to » temperature in degrees Kelvin.

Thermistors are made in the form of beads, rods, discs, and chips.
Materials can be compared as the ratic of resistance at temperature t to
the resistance at 298 °K (77 °F).
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Circuit Design

The temperature detactor circuit consists of a bridge neatwork
configured as a null offset detector. The output of the bridge is sensed
by a differential amplifier. The amplifier output is fed into a scaling
voltage divider to give the value of deviation from the null., The absolute
temperature value ¢f the null position is set by a voltage divider with the
negative supply as its sourcs. This negative value iz subtracted from the
positive deflection from null in a differential amplifier to give the
tamperature ocutput at an amplitude of 10 mV/°F. The output temperature

value may be read diractly by a voltmeter. The tamperature detector
clreultry ig shown in Figure 7.
Thermigtor Probe

The sensing probe used to serise the T,, is a disc thexmistor with a dia-
meter of approximately 0.8 in. The thexmistor is mounted on a foam bhlock
which is hollowed <©¢ accept one side of the disc and thermally insulate it
frem amblent conditions that may interfere when using only one side of the
prcbe to measure temperature. At midrange temperature, 92 *F, the resistance

of the thermistor is found to be 82.4 ohms, and the variation with tenmparature
is found to be 2.1 chms/°oF,

Bri Network

The referance (Ry, leg of the bridge Ls chosan %o approximatas the
thermistor rasistance nt the middle of the appropriate tamperature range,
8% to 105 °*F, The midvalue, 97 °*F, i3 set at 84 ohms., The 2 fixed
resistors (R,) are chosen to be at least a factor of 10 larger than the
value of thc refezence rasistors Ln order to keep the relative displacmmant
frem null small. This displacement factor avolds sericus nonlinearity
problems associated with largs deviations en a bridge. A 1l  kilohm
cesigtor is chosan because 4t Lx a readily avallable resistor and Lt Ls
more than A& factor of L0 larger than the reference resistor. The
equivalent resistance of :2he network in the null condition Ls 542 chms.
The resuliing bridge ousput varies 12.95 mv/°F about midrange.

Differential Amplifier

A diffsrential amplifier L3 neecded to sange the gignal that appears
acsoss the bridge. An LM741CN Ly used as the amplifier, In differential
operation a common-mode rejection ratic of 60 dBm can be achieved. Any
common~mode error will therefore be very small and can be adjusted for with
an offset voltage in later circuit stagas., Unity gain ls used to assure
even loading of the bridge. The input resistances (R, and R;) to the
amplifier are chosen to bhe significantly larger than the 540 ohms
equivalent bridge sourcs resistancs. This resistance is adsguate to
minimize luading distortion vyet remain compatible with the 300K ohms
amplifier tarminal input cesistance.
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Figure 7. Surface temperature detectlon clrcult. A bridge configuration ls scaled
and conpared with a refersnce voltage. Standard 741 Op Amps are used in
the design.
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Scaling Voltage Divider

Scaling voltage divider arrangements are used to adjust the signal to
the proper scale before summing. This scales the signal to be 10 mV/°F as
a matter of convenience. The ocuput of the bridye differential amplifier is :
input to a 50K ohms trimpot. This method of scaling is used in lieu of
varying the bridge amplifier gain since the magnitude of the bridge output
at the HVDC. excitation voltage was larger than required for the summation ’
stage. In additicn, voltage division scaling means loading of the bridge “
by the amplifier remains constant. Also, the offset valus of the null
temperaturs is set by a voltage divider , thus, allowing appropriate
calibration and adjustment of this parameter.

Summing Differential Amplifier

The final cutput is obtained by adding the scaled offset voltage to the
scaled bridge input. A differential amplifier is used to isoclate and sum
¢ the two scaled values. Isolation prevents loading of the circuit through
{ the summing junction, The positive value of the scaled bridge ocutput is
fed to the noninverting 4input terminal of the amplifier and the negative
scaled offset voltage is fed to the inverting terminal of the amplifier. A
second LM741CN is used to form a simple differential amplifier with a
common-mode rejection ratio of 60 dBm. Since the input values are scaled
by scaling dividers, the amplifier gain is set at unity by using 5K ohms
input, feedback, and grounding resistors,

L L TR T W W

Calibration

As the standard for calibration, a Marshall Electronics "Astrotemp 9"
electronic digital thermometer was used in a water bath. The water bath
was arranged with a PFisher "Thermix" stirring hot plate (Model 210T), a
standard ring stand with clamps, and a metal beakar. The source voltage
was selected to be +/-9.VDC, the voltage from a standard type battery. All
voltages and resistances were read with a Tektronixs (Model DM 502A)
autoranging digital multimeter.

First, the midpoint of the intended range was maintained in the watar
bath. The temperature was set at $¢ °F, The resistance of the probe was
read. This value was approximately 82 chms, The refercnce resistanco was
chosen o0 be 84 ohms, a remdily obtainable value. The water bath .
tamperature was ralsed through the range until thae bridge output was zero,
determining the null t¢ be 92 °F. While the water bath temparature was
rising, the output of the bridge was monitored, determining the bridge
sensitivity. The sensitivity was found to be 12.5 mv/°F,

Second, the differential amplifier for the bridge (LM741CN) was
adjusted for null offset. Prior to connescting the amplifier, both bridge
inputs were grounded and the output was adjusted for zero volts DC. .

Third, the voltage divider for the differential output was set by jétﬂ
varying the water bath temperature and adjusting the output to the desired SO
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scaling. The output was set for a scaling factor of 10 mV/°F on a 50K ohms
trimpot.

| Fourth, the voltage divider for the null temperature output was set by
| ¢ adjusting the wiper until the appropriately scaled value of the null
| appeared. The scaling was set at 1 mV/°F to match the scaled differential

output from the bridge, The null temperature &f 92,0 °F rasulted in a 920
' mv output frem a 10K ohms trimpot.

Fifth, the differential summing amplifier (LM741CN) was adjusted for DC

N null offsat. Prior to connecting the amplifier to the scaling voltage

dividers, the inputs to the amplifier were grounded and the null offset
adjusted for a zero volt DC output.

The circuit output, in units of 10 mvV/°F, was reacorded as a function of
tamperaturae. The taemperature of the water bath was raised through the
sensing rangs. Tamparaturs data from both the circuit and the Astrotemp §
unit were collected and plotted as shown in Figure 8.

A e B Ll

The circulit with the thermistor probe Ls linear over tha range of
90=102 °F. A different thermistor could be tested with this same circulit
design. The refarence resistance could be changed to a midrange value
using the steps pravicusly outlined. The sensitivity and the null
temperature would also need to be calibrated as pravicusly outlined. A
variable null tamperature can be achieved through the use of an
appropriately sized potanticmeter in place of the refarence resistance.
Calibration would need to be performed.

el et P

hotop

§ LowP b
= A
E °n”° ’I\i. 1
080t E?g
£ y:.:-\.?!i
g 08 :t:i
(X} v et
:.":"-:H
e
Ao ?
P

Q%0 o
— . e et
o ®o 910 0 Mo 09 6L D

-
Y a
-

ASTROTEP 9 IN °F

Figure 8. Compa:isonuof temperature detector to Astrotemp 9 unit. Linearity is
l up to 99°F.

15 Bk

o N

VR e T T e e a e T e et T TR T T T T T T e Tt e
O R R N TG X O o VoK o, ot G, O R G SR




RECOMMENDED MODIFICATIONS

The original task had been envisioned as the fabrication of an array of
sensing elaments which were to be connected to some unknown circuitry vet
to be designed. 1In an effort to provide some angineering specifications to
the follow-on system, the yet to be designed syttem was developed with
standard easily available commercial electronics components. The system
works Dbetter than envisioned, but it needs to be modified before it may be
considered in any operational study.

The modifications may taks several courses and thus will regquire some
management decisions. First, the sensors should bs miniaturized,
especilally the elactronic stethoscope. The electronic stethoscopes could be
divided into two parts: the condenser microphone and the signal
conditioning circultry. Modification of the suit would be required if the
button size microphone was attached to the inside of the protective garment
with some type ©f connection on the outer side. The signal conditioning
circuits could be enclosed in some hand-held container. Since the output
¢f the prototype is to an oscilloscops, additional signal processing
clircuitry must be designed and added to the device 30 that the operater can
read heart rate or respiration rate on a digital display. This
medification is an addition to the system. The entire signal conditiening,
processing, and adlsplaying unit should be miniaturized to the sizea of a
hand=hald calculator,

Another recommended modification is to the dry electrode/ECG systam,
Consideration should he given to ambedding the dry electrodes to the iniide
of the 1guic. Connections from the electrodes to a single location,
multiple input/output jack must be incorporated inte the suit. Again, the
signal conditioning, processing, and displaying circult units should be
miniaturized and enclosed in a calculator size container.

In summary, the three dry electrodes, the cendengsor microphone, and the
small thermistor sensor could be incorporated as part of the protective
garment, If modification to the suit i3 not advisable, then a small collar
of sanscr array should be considered. In this case, a method of ccocnnecting
the collar through the suit to a separate hand-held electronic unit should
also be considered.

It is highly recommended that the U.S5. Air Force pursue miniaturization
of the vital life tigns detector system. Consideration should be givan t¢
schames which could derive both heart rate and respiration rate £from cne
sensor, Ll.e., raspiratory sound and heart sound from the electronic
stethoscope or heart rate and sinus arrhythmia for respiration rate from
the ECG signal with the dry electrode system.
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