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(54) Title: MONITORING AND IMAGING APPARATUS AND METHOD

(57) Abstract

A non-acoustic pulse echo radar monitor (1) averages a large number of reflected pulses to produce a voltage that modulates an audio
oscillator (39) to produce an audible tone that corresponds to the heart (22) or other body part motion. Both amplitude modulation and the
Doppler effect are used. A dual time constant is used to reduce the effect of gross sensor-to-surface movement. The monitor includes a
pulse generator (10) for simultanecusly inputting a sequence of pulses to a transmit path (12) and a gating path (14). The pulses on the
transmit path drive an impulse generator (16) which generates pulses to a transmit antenna (18). The gating path includes a range delay
generator (30) which generates timed gating pulses. The timed gating pulses cause the receive path (15) to selectively conduct pulses
reflected from the body part (22) and received by a receive antenna (20). Both antennas (18)(20) are flat copper foils which permit their
use in a substantially flat housing. _
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These nonitoring deV|ces suffer from serious drawbacks. The acoustic
spectrum of these devices is low, and lies-within the | ower end of the.
auditory spectrum i.e., 100 Hz or below, thus rendering the body sounds
difficult to hear. Although the body organs and parts exhibit substanti al
motion, they are inherently quiet, and the sounds generated thereby are
quite low and.faint and do not provide a significant acoustic signature.
Chartinitski et al., U S patent 4,248,244, discloses an indicator for
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measuring heart beat rate having el ectrodes for coupling to electrical

i npul ses cortosnending to each beat of the heart. These el eG¢pg@s 1619
connected to a clrcuit for producing a burst of alternating electronic
§|_gnal S in response to each electrical inpulse produced at each heart beat.
Therefore, there is a need for a non-invasive, non-acoustic nonitor and
nmet hod for nonitoring the wall novenent of the heart, |ungs and ot her body
organs, tissues or nenbers, and for processi’ 0 correspondl ng bi o-potenti al
signals. The nonitor shoul d si n| f | cantl reduce or ¢o pletely el ininate
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Seo et al. 1fn O #8RL of cardiopulmonary monitoring, it has been the

general practice to employ microphonic, voltaic, pressure or strain gauge
- devices to pick up the beats of the cardiovascular organs of a living
person or animal. The acoustic stethoscope invented in the early
nineteenth century by Laennec to diagnose chest disease in living
patients, by studying the character of the sounds produced by damaged
tissues, is presently very commonly used, and has remained almost
unchanged over the last century. _
Examples of existing cardiopulmonary monitors and of the trend
of their development are illustrated in the following:
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Most of these devices operate on acoustic principles, and basically
amplify sounds generated by the heart and lungs. .
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~ Chartinitski et al., U.S. patent 4,248,244, d1scloses_ an indicator for
‘measuring heart beat rate having electrodes for .coupling to electrical
impulses corresp_bndi'ng to each beat of the heart. These electrodes are
connected to a circuit for producing a burst of alternating electronic

" beat.

signals in résponse to each electrical impulse produced at each heart

Therefore, there is a need for a non-invasive, non-acoustic
" monitor and method for monitoring the wall movement of the heart,
lungs and other body organs, tissues or members, and for processing
" corresponding bio-potential signals. The monitor should significantly
reduce or completely eliminate microphonic effects, and should be
" capable of detecting intra-body movement through clothing, or at some
distance. The monitor should be inexpensive, and simple to use by

nonprofessional users for home health care and in athletics and sporting

events.

Ultrasound Monitors and Magnetic Resonance -

Ultrasound monitors have been developed to detect the position
and movement of body organs. These monitors have also been used
with other imaging devices, such as nuclear magnetic imaging
(NMI)/nuclear magnetic resonance (NMR) systems. Examples of
existing ultrasound monitors and magnetic resonance imaging systems

are:
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sanple and to a reference reflector, or by varying an optical

char act eri S 6¢/64s4$ Ne out put froman optical source. Therefo ETIUE ofs? S @
need for a new I magi ng and monitoring device which can repl ace, or be used
i'n conjunction with existing X-ray technol ogy and ot her inaging techniques,
for nonitoring the novenment of intra-body organs, tissues, and other
structures and foreign objects enbedded in human or ani mal body. SUMMVARY
OF THE | NVENTI ON The present invention is a“ionitor and method for
detecting heart and other organ notion based on the em ssion and detection
of very short vol tag'Eh?ﬂﬁl enwventional suonitars argigenerslly bulkyngKpgBSive 10,

repetitive node,. ré’te'a'chQ?nle{H?ﬁrtééhnic%fll e&tar&ﬁ&aﬁﬁ@t preraged to
produce a vol tag a nodul at es an apdi SCI roguce, a tone t hat
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further uses a ammcouldmeqmneumex nmtcbmgcbxbtric@nébﬁmeemthegsmr and the

sensor -t o- surfaaie q&y WD 96/ 04845
PCT/ US95/ 10157 not her enbodi ment i ncl udes an appar atus for detecting
and Optical Imaging Technology

A technique for monitoring moving objects such as the heart,
described in Slump et al., U.S. patent 5,040,201, is an X-ray exposure
synchronization method for imaging the heart in response to periodic
pulses generated at instances in the period at which the hazard is
anticipated to be in a given position.

- Another optical imaging method, described in U.S. patent
5,321,501 to Swanson et al., involves the optical imaging of a sample
wherein longitudinal or transverse scanning is provided by either
varying relative optical path lengths for an optical path leading to the
‘sample and to a reference reflector, or by varying an optical characteristic
of the output from an optical source.

Therefore, there is a need for a new imaging and monitoring
device which can replace, or be used in conjunction with existing X-ray
technology and other imaging techniques, for monitoring the
movement of intra-body organs, tissues, and other structures and
foreign objects embedded in'a human or animal body.
SUMMARY OF THE INVENTION

* The present invention is a monitor and method for detecting
heart and other organ motion based on the emission and detection of
very short voltage pulses. A pulse-echo radar mode is employed in a
repetitive mode, whereby a large number of reflected pulses are
averaged to produce a voltage that modulates an audio oscillator to
produce a tone that corresponds to the heart motion. The antenna used
in this monitor is typically two flat copper foils, thus permitting the
antenna to be housed in a substantially flat housing. The monitor
converts the detected voltage to an audible signal with both amplitude
modulation and Doppler effect. It further uses a dual time constant to
reduce the effect of gross sensor-to-surface movement.



nonitoring cardiac and respiratory notion through materials such as
mattres BagqblON- cont act operating range can be greater an 12 |nches
The appzyg?gs |§balso based on the em ssion and detectionpg$ hort

vol tage pul ses in a pul se-echo radar node. A | arge nunber of reflected

pul ses are averaged to produce a voltage that i's nodul ated by reflections
fromthe heart, arteries and lungs. Due to the relative sinplicity of the
design, the nonitors can be produced ver% i nexpensi vely. Furthernore, the
circuitry can be integrated onto a skngle | ow cost silicon chip based on a
2 nicron CMOS pr dheether pmbodimentdnciudestan hppaxatuﬁdor detsctimgoaryd noni t or
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provi des for a I'SCrim nation fwee persons_(or anjmals) and
i nani mat e obj ect @uet@ﬂie relatige |S§npélﬁltbst9fefbegie§tmjthggnpngormm:bej i ggling

typically o?fuaﬁcéulver} m@cp%@@i@l f Fureieaivie, e J:x?éém( &zﬁ@ber than 0.5
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along with the circuitry to provide a low cost life monitor, i.e., to
determine whether the person lying on the mat or sitting on the chair is
still alive, or when that person’s life signs have changed.

One potential application is to distinguish the presence of living
persons or animals from inanimate objects in any environment, such as
people buried under rubble or not readily visible. In such applications,

- gross motion may be sensed, or preferably, respiration can be sensed.-
Respiration monitoring provides for a good discrimination between
living persons (or animals) and inanimate objects, even if the latter
‘objects are jiggling, since jiggling typically occurs on a time scale of 2
seconds or less (greater than 0.5 Hz), whereas respiration typically occurs
on a time scale of longer than 2 seconds (less than 0.5 Hz). Accordingly,

- with dual band filters, the monitor can discriminate between the jiggling
motion of inanimate objects and the breathing and jiggling motion of
living beings. Enhancements for the present monitors can include
adding a high power transmitter/step generator and a reflector antenna
_for improved range/sensitivity. These monitors would thus be useful
for disaster victim detection. _ _

The present monitor non-acoustlcally detects the mechanical

movement of one or more internal body parts, such as the heart, lungs,
arteries, veins, fetus heart beats, and vocal chords, and includes a pulse
generator for simultaneously inputting a sequence of pulses to a
transmit path and a gating path. The pulses transmitted along the
transmit path drive an impulse generator and provide corresponding
transmit pulses that are applied to a transmit antenna.
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range/ sensitivity. These monitors would thus be useful for ctim
detection. The present nonitor non-acoustically detects the mechanical '
novenment of one or nore internal body parts, such as:the heart, |ungs,
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constant circuit whereby, for large signals related to gross sensor motion
relative to pulmonary motion, there is a fast AC coupling time constant,
 and for normal signal levels related to heart motion there is a much

slower AC coupling time constant.
BRIEF DESCRIPTION OF THE DRAWIN S

Fig. 1 is a block diagram of a cardiac monitor according to the
invention.

Fig. 2 is a timing diagrarh of the monitor of Fig. 1.

Fig. 3 is a schematic representation of an antenna forming part of _

- the monitor of Fig. 1, and showing a cut-away view of a generally flat

housing. .

Fig. 4 illustrates two timing response charts plotting the signals
received by the monitor of Fig. 1, at two positions in proximity to the
heart. :

Fig. 5 illustrates four timing response charts plotting the signals
received by the monitor of F1g 1, and correspondmg to signals reflected
from various blood vessels.

Fig. 6 is an exemplary circuit diagram of the monitor of Fig. 1.

Fig. 7 is a block diagram of a non-contact cardio-pulmonary
monitor according to the invention.

- Fig. 8 is a schematic representation of an antenna forming part of
the monitor of Fig. 7, and showing a cut-away view of a generally flat
housing.

| Fig. 9 illustrates two timing response charts plotting the signals
received by the monitor of Fig. 7, with the upper chart representing

- cardiac and pulmonary response, and the lower chart representing the
cardiac response with the respiration halted.

Fig. 10 is a block diagram of another embodiment of a monitor
using a homodyne circuit.



relative to pul nonary notion, there is a fast AC coupl ihng time cons}]anlt,
and for bidgasi gnal levels related to heart notion there is a much slower
AC coupl‘?ﬁg Pe4s donstant. BR EF DESOR PTION OF THE DRAW RESURISYOISY i s a

bl ock di agram of a cardiac nonitor according to the invention. Fig. 2is a
timng diagramof the monitor of Fig. 1. Fig. 3 is a schematic
‘representation of an antenna formng part of the nonitor of Fig. 1, and
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' opening a gate connected to a receive antenna to allow the reflected
pulse to be sampled. In one application, where the monitor is used as a
stethoscope, the waiting period corresponds to about one inch of round
trip time of flight at the speed of light in tiss'_ue_. In another application, ‘
where the monitor is used as a non-contact cardiopulmonary monitor,
the waiting period corresponds to 12 inches or mbre_ of round trip time
- of flight at the speed of light in free space (or in a combination of free
space and one inch of tissue). It has been experimentally determined
that respiration can be detected ata distance of 11 feet. .

- The-process is repeated at a 1 MHz, rate, allowing approximately
10,000 receive pulses to be averaged prior to driving ancillary
equipment, including but not limited to audible or visual displays. The

- high level of averaging reduces the random noise accompanying the
sampled signal to such an extent that extremely low amplitude signals
can be detected. Repetitive operation also leads to extreme
simplification of the entire circuit. The averaged pulses provide a
voltage level that corresponds to the radar reflectivity at a range defined
by the delay between the emitted pulse and the time of gating or
operating a sampler circuit cooperating with the receive antenna. This

- process, referred to as "range gating”, provides depth information about

the organ, tissue, membrane or other structure being scanned.

The monitor is capable of sweeping, scanning or imaging the

"range gate” (i.e., the region being scanned), and it senses reflectivity at a
predetermined depth. As the heart muscle moves through the range
gate, it changés the reflectivity within the range gate. A motion sensor
based on these principles is described in U.S. Patent No. 5,361,070, issued
on November 1, 1994, by Thomas E. McEwan, entitled "Ultra-Wideband
Radar Motion Sensor”.  The gate is typically held open only for a
duration equal to the emitted pulse width... The present invention also
utilizes an ultra-wideband receiver described in U.S. Patent No. 5,345,471




Cardihac response with the respiration halted. Fig. 10 is a bl ock di agram of
anot her e | of a nonitor using a honodyne circuit. 45
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of Fig. 10. Fig. 12 is a timng graph using the nonitor of Fig. 1 as a

t hroat mi crophone, corresponding to, and illustrating the spoken words "one
t housand". DETAI LED DESCRI PTI ON OF THE PREF D EMBODI MENTS The gener al
operation of the nonitor is based on emttig a pulse froma transm't
antenna, waiting for a brief period of time, and_then opem n a gate

connected to a fssued\feptembent, 194by Thomas EeMcExwan) entitled Tlltras sanpl ed.

In one applicat y@{jeb ﬁbReEél%e{'mn' tor is used as a stet hoscope the waiting
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approxi matel y ] .
" radar; rather, its frequency spectrum is related by the Fourier transform

- of the impulse. The free-space radiated impulse is a half-sine pulse
about 200 ps wide. The antenna is typically shorter than one half
wavelength of the highest frequency component in the voltage pulse.
One of the important advantages of impulse radar is that the spectrum is
located as low as possible, where tissue attenuation is the lowest. Other
advantages include simplicity and low cost. .

Figure 1 illustrates a monitor 1. In this particular apphcatxon, the
monitor 1 is used as a stethoscbpe. However, it should be clear that the
monitor 1 can be used in a variety of other applications.

- A noise generator 9 modulates the pulse repetition rate/pulse
repetition interval (PRF/PRI) generator 10 to create a PRF with a IMHz
average and 1-10% random variation about 1 MHz, i.e., a 1-10% PRF
dither. The dither spreads the emission spectrum from antenna T to

reduce potential interference to other spectrum users, and the dither
also randomizes the samples of extraneous interfering signals appearing
at receive antenna R that are taken by the receive sampler 26. The
received signals at antenna R are sampled and averaged, where the
randomized samples average to zero, substantially eliminating
interference from other sources such as RF transmitters.. The desired
echoes are unaffected by the dithering since they are received at a fixed

. time shortly after they are transmitted and are not affected by the exact
time of occurrence of the next repetition interval. Dithering provides
spectrum compatibility with conventional RF users and allows multiple
impulse monitors to be used in close proximity. The chance of sampling
the short pulses emitted by other impulse systems is both random and
extremely low, and the probability of sequentially sampling enough
pulses from another impulse system to build up a coherent, detectable
signal is extremely low. | '
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Novenber 1, 1994, The Famive afterida{R)20 pivkstipethe’ phiseareflededafrdmRadar
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ul t ra- wi debarthat ixgatedrbyia gatingaqeirlse fronsthegating path 14, The safiple cambe
96/ 04845 a body organ, including but not limited to a heart 22 e AP AU RERL WAl 7
24, a fetus, the ovaries, the vocal chords, a bone, a blood clot
(hematoma), the brain, spinal chord, muscle, prostate, thyrohyoid ‘
membrane. For simplicity of illustration the object will be exemplified
by the heart 22. The gating pulse is delayed by approximately 2 ns from
the time that the transmit antenna 18 radiates the pulse.. Pulses from
- the PRF/PRI generator 10 © which are input into the transmit path 12 are
simultaneously input into the gating path 14 where they pass through a
range delay generator 30 followed by a impulse generator 32, which
produces a 200 ps gating pulse for controlling a gating switch 34.
The range of the delay generator 30'is adjustably regulated to
control the depth sensitivity or range gate of the monitor 1. In the
present example, the pulse is delayed by about 2 ns, so that the range of
the monitor 1 is about 1 inch to 2 inches in tissue. The gating pulse
closes the switch 34 so that reflected pulses from the range gate are input
into the sample/hold circuit (S/H) 26 along a receive path 15. .
In the preferred embodiment, the. S/H circuit 26 includes a
capacitor 28 connected to ground. - Reflections, or lack thereof, occurring
1 to 2 inches from the antenna 20 are thereby sampled. The size of the
capacitor 28 in the sample/hold 26 circuit is sufficiently large that each
sample only partially charges it, and approximately 10,000 samples are
required for the circuit to reach an equilibrium with the receive antenna
signal. ‘In one exemplary design, the capacitor 28 is on the order of 100
picofarads. The product of the impedance of the receive antenna 20 and
~ the capacitance of capacitor 28 yields a time constant which is much
greater than the width of the gate pulse, so it takes many pulses to charge
capacitor 28. ' L
The timing relationship is shown in Figure 2. The four
waveforms are shown over a one pulse repetition interval (PRI). A 200
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at are taken recel vé sa e recelved Si gna at antenna R
are sanpl ed andﬂég,@yg@gmg diveuis relptive to the PRF of the system and
instantaneous bandwidth of the sampler - a factor stemmmg from the
sampled data nature of the sample/hold circuit 26. In all, greater than
60dB noise reduction is obtained compared to a circuit with 2 GHz
bandwidth, i.e., the bandwidth of the radiated pulse.

The sample/hold output is applied to a voltage. summation
element or summer 36, which subtracts background reflections as
described herein. The output of the summer 36 is amplified by an
amplifier (A) 38, typically having 60dB gain with a passband of DC to
16Hz. A square wave generator or oscillator 39 has its output
multiplied, by means of a multiplier 37, by the AC coupled amplitude of
the voltage from the amplifier 38, and frequency modulated by the rate
of change of the signal from the amplifier 38, thereby generating a
Doppler effect that is related to the velocity of the heart muscle motion.
The output of the amplifier 38 is fed to a band-pass filter 44 (20 - 5000
Hz), and therefrom to a selection switch 45 for allowing the audible
detection of the sample movement such as the heart beat.

A low-pass filter 46 passes frequencies less than 20 Hz, and is
connected to the output of the amplifier 38. The rate of change is
derived from a differentiation circuit 40, which, in a simplified design,
can be formed of an RC circuit comprising a capacitor 40C, typically ori
the order of 1 microfarad, and a shunt resistor 40R, typically on the order
of 10 Kohms. A low pass filter 41 is used to attenuate the resulting
harmonics at the output of the multiplier 37, to produce a pleasing
audible tone via the earphone, loudspeaker or headphone 42.

While the bio-potential signals at the output of the amplifier 38,
and the multiplier 37 are illustrated as input to the band-pass filter 44
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'The square wave generator 39 responds perceptibly at a level
corresponding to approximately 1 microvolt appearing at the receive ‘
antenna 20. Since systematic errors in the sample/hold circuit 26, the
summer 36, and the amplifier 38 may amount to several tens of
millivolts, this error must be subtracted out in order to detect small
changes, such as a'1 microvolt change caused by a small artery.  In
addition, surface reflections frorh the chest wall 24 contribute to the
error voltage that must be subtracted. ' . '

For this purpose, an integrator 48 in the feedback path 50 of the
amplifier 38 servo's the output of the amplifier 38 until an equilibrium
is reached, such that the output of the amplifier 38 is forced to equal a
reference voltage applied to the integrator 48." Since integrators have
extremely high DC gain, the voltage difference between the output of the
amplifier 38 and the reference voltage is reduced to a negligible value.
The integrator 48 in the feedback path 50 of the amplifier 38 is
equivalent to a differentiator in its forward path; i.e., it makes the
amplifier behave as if it were AC coupled. The advantage of using the
integrator 48 is that it supplies the monitor bias current, subtracts errors
in the amplifier 38, and permits the simple implementation of a dual

>

time constant. IR
The overall response of the amplifier/integrator circuit is such

that for large signals related to gross sensor motion relative to the

patient's chest, there is a fast AC coupling'time constant and for normal

signal levels related to heart motion there is a much slower AC coupling

time constant that-allows for faithful reproduction of the heart motion.

The dual time constant is provided by a dual time constant circuit 51, -

formed of two diodes 52, 53 shunted by a resistor 54. Typicaily, the |



Q4. a fetus, the ovaries, the vocal chords, a bone, a blood cl ot

(henat o) wé%-tﬁjsai n, spinal chord, nuscle, prostate, thyroRywushsnemsrane.
For sinmplicity of 1llustration the object will be -exenplified by the heart

22. The gating pul se is del ayed by approximately 2 ns fromthe ti me t hat
the transmt antenna 18 radiates the pulse. Pul sesfromthe PRF/ PRI
generator 10 which are input into the transr_rislt_ path 12 are sinmultaneously
I nput int OBBhfe lgiatl ng path 14 where they pass through a range del ay '
gener at or ol  owed by a inpul se generator,k 32,- whi.ch_ produces, a 200 ps
gating pul se forfe§§mfr5ﬁy isionythe gederpy %quéﬂh%.a%@er%ﬁﬁgﬁs 55' s%ér"del as
gener at o[ 30f|tshmm' i ﬁﬁﬁju&g@&ﬂoﬂ@s,mhraﬂ 1N4B48lept h sensitivity or
range gate o e no 0. . In the nrese | ed
[ange gats of 0 Tl or HhgHi ARHyES RkBuId BE Moot gty
i n;:hes :c nti srs] uesuiféibde djaean trapslatiorncstage ortather mechanism santherconngated te d
pul ses fromthe ' (g i ' 26
3 AGnAsk 3 A frdditd mdVedit teerﬁgleg apatlspehe of Iafetally <r§fald>vg

al ong a receive pat e preferre hodi ment cl rcui.t.

. ,_Lihe, 2
i ncl udes a capactotthe szanpler(igotheart 82)kicoRFRVIdRS ?Vé%ﬁlm,g‘%\a 0 AMWEF eof |
occurring 1 to 24 ReR8snal finhivgy. 2 eida? tnédtaridnrmbky aprdvided Roemoivee

of the capacitor 28 in_ the sanple/,hold 26 circuit uf ficiently large
that each sanpl et_l'@nm?“bt&"tli 0 ﬁ% PHIEr JEaNsYerse, O 1%‘5557510%?%%} §° fﬁxﬁ’é% °
sanpl es are requinigtl-diederisienali scanning of rthecsamapleequi | i brium with t he

or der of 100" pi cof ar BN ACKRIER TR P dEy ofthe aNRrbABLS 20, AckiduA" (he
antenna 20 and t $uhematinallyainctopovieswnpthei transms yntenaa (%) 18 adcBiestasrivanhi ch
Lo e ng reater {0QRnhRR) YYD iRhstrARAIA Sertthi§ refanghld:AKSRapepaY ses
antennas, made of copper foils, and having a side dimension ranging
between 1/4 to 1 inch. These antennas 18, 20 are formed on a dielectric
holding substrate 55A.of a circuit board 55, and are connected to a metal,
such as copper, ground plane‘board 55B. In this particular example, the
width W of the circuit board 55 is about 2 inches, and its length L is
“about 4 inches: The antennas 18, 20 are housed in a generally flat and
thin housing 55H having a thickness D of about 0.75 inches.
An electromagnetic field is developed between the ground plane
board 55B and the antennas 18, 20, to form a broadband monopole which
.couples well with a h'igh dielectric constant material, such as the chest.
The antennas 18, 20 are intended for close range monitoring, and are
* sized for the propagation of the waves within the body, which has a
higher dielectric constant than air. As a result, in designing the range

gate, or in "range gating" the monitor 1, the slower propagation velocity
of the electromagnetic waves through the body tissues relative to air is
_taken into account. To this effect, the propagation impedance in free
_ space Zo(space)is _ '
| ' | Zo(space) = VHo/€o
where [lo is the permeability of vacuum and € is the permittivity of
vacuum. The propagation impedance in a material (e.g. muscle or body
 tissue) having €r = 40 is : .
Zo(muscle) = \h,lo /&r€o = Zo(space) / N&r = Zo(space) / \IE
Muscle propagation impedance is 60 ohms and the propagation
‘impedance of blood (€r =60) is 49 ohms. This difference in impedance
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whi ch subt r acletersainegw fracipnfithgradiated pulse is returned. For example,

the heart muscle with an €r = 40, has a reflection magnitude of 9.9%

relative to blood. - Thus, the difference-in reflection magnitude between
the presence and absence of heart muscle is 9.9%. - - ‘

In one particular application, if a metallic object, such as a

- pacemaker lead 22L (shown in a dashed line in Figure 1) were lodged
inside the heart 22, or if a mechanical valve 22V (shown in a dashed line
in Figure 1) were used, then the reflection would be very high, such as
1.0 for a metal object, because metal is easily discerned from body tissue
and has several times its reflection magnitude. Even if the metal object
has a much smaller cross-section, as. may be the case with the lead 22L, it
is still easily discerned in practice as long as the polarization of the wire
and the monitor antenna match - which is generally the case for the lead
221, and for a vertical orientation of the monitor 1.

The present invention overcomes a serious limitation stemming
from a variable reflection magnitude from the first surface of the chest
wall 24. The problem of varying first surface reflection magnitude is
caused by radiating a pulse that contains either post-shoot or ringing - a
common effect when radiating pulses through an antenna. What
radiates later in time falls into the sampler’s gate when reflected off
objects or tissue closer than the intended range gate 54, i.e. there is a
displaced range gate. Accordingly, ringing components reflect off the
front surface of the chest wall 24 and fold into the reflections from the
heart 22 in simultaneity. Indeed, these front surface reflections can
exceed the desired reflections. - o o

The solution to this problem is accomplished by radiating a
particular waveform with half-sine shape and no ringing. Thus, in the
preferred embodiment, the monitor 1 emits a pulse h_avihg the desired
waveform. This can be accomplished by the proper design of the
transmit antenna 18, where the dimensions are short relative to a 1/4
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the heart. Figure 5 illustrates four timing response charts plotting the
signals received by the monitor 1, and corresponding to signals reflected
from the left carotid artery, the left wrist, the left brachial artery, and the
left femoral artery.

The timing of the range gate can be alternated between two range
gates 54 and 54A (partially shown in a dashed line in Figure 1). The
corresponding detection voltage can be stored on two separate S/H
circuits, as illustrated in U.S. Patent 5,361,070 entitled "UltraWideband
Radar Motion Sensor". . _

The operation of the second range gate 54A is similar to that of
the first range gate 54, and each range gate 54, 54A can be independently
controlled and set.. As a result, the reflectivity from the independent
range gates 54 and 54A can be prdcéssed independently or in conjunction
with each other. For instance, if the first range gate 54 were set to detect
the front wall 22F of the heart 22, and the second range gate 54A were set
to detect the rear wall 22R of the heart 22, then significant and valuable
information can be collected relating to the contraction and expansion
cycle and condition of the heart 22. _

The use of dual range gates 54 and 54A results in a "stereo” effect

. which perceptively places the listener between the front and rear walls
of the heart 22. Additional range gates can be used. _

Figure 6 shows a circuit embodiment of the monitor 1. The 2
MHz PRF/PRI generator 10 and the noise generator 9 are collectively
formed of two inverters (I1) 60, 61 connected in series; a capacitor 62 is
connected between the output of the inverter 61 and the input of the

“inverter 60 and a shunt resistor 63 connected between the output and
input of the inverter 60. The PRE/PRI generator 10 is followed by a
buffer comprising an inverter (I1) 64, and a pulse width limiter 65
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- put into amplifier (12) 38. The input 36 of the amplifier 38 serves

as the summer for the S/H circuit 26 output. The output of amplifier 38

represents the measured bio-potential, and can be used, connected to, or

processed by various equipment and/or instruments, such as the

headphone 42 (Figure 1). Ina preferred embodiment, I1=74HCO4,

I2=TLC274. Further, the propagating pulse will easily radiate across an

air gap or material (such as muscle, blood, etc.) of several inches.

The output of the-amplifier 38:is connected to an amplification
circuit 70 to provide additional gain to the amplifier 38. The
amplification circuit 70 includes an operational amplifier 71, which is
connected to the output of the amplifier 38 via a resistor 72, and which is
shunted by a capacitor 73 and a resistor 74 connected in parallel.

The output of the amplifier 71 is connected to a threshold detector
network 75, for detecting whether the monitor output level exceeds
predetermined upper and lower threshold levels. The threshold
detector network 75 generally comprises two comparators or operational
amplifiers 76, 77 (I3=TLC274) whose outputs are combined, via two

- diodes 78, 79 and a resistor 80, to a switch 81 (Q3). In operation, if either
one of the uppér or lower threshold levels is exceeded, the . - :
corresponding operational amplifier 76 or 77 drives the switch 81 into a
conductive state.” The output of the switch 81 can then be used to drive
an alarm or any other appropriate circuit. For instance, it the monitor
were used in conjunction with, or as part of a pacemaker, the output of
the switch 81 is sensed, via an appropriate resistor 82, to provide a
‘desired indication, such as: activity detect, in order to initiate or inhibit
pacing. The sensitivity of the threshold detector network 75 can be
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the diode 90, such that the voltage rectifier network 86 rectlfies and level
shifts the square wave voltage, in order to generate a -3V steady output
voltage. An output resistor 93 is:connected to the output of the
amplification circuit 70 to prevent excessive current drain. The values
of many of the components shown in the circuit diagrams of Figures 6
and 11 are identified in the above U.S. Patent Nos. 5,345,471 and
5,361,070.

Figure 7 illustrates another monitor 100, which operates in a
generally similar way to the monitor 1 of Figure 1, but has been
modified for remotely detecting heart and respiratory motion through
materials such as a mattress pad or chair back. The antennas of the

~ monitor 100 have been modified to permit greater scanning range. The
audible output has been deleted; however, one skilled in the art can
optionally add this feature. A range control is provided, and can be set
to detect respiration at a distance of about 6 feet. Identical numeral
references in Figures 1 and 7 refer to identical components having
identical functions.

The general operation of the monitor 100 is also based on
emitting a pulse from a transmit antenna, waiting for a brief period of
time, and then opening a gate connected to a receive antenna to allow
the reflected pulse to be sampled. However, where the monitor is used
as a non-contact cardiopulmonary monitor, the waiting period
corresponds to 12 inches or more of round trip time of flight at the speed
of light in free space (or in a combination of free space and one inch of
tissue). '

In the transmit path 112 the PRF/ PRI generator 10 drives an
impulse generator 116, which provides a 5V 200ps wide half-sine
transm:t pulse that is apphed to a transmit antenna (T) 118. The



Figure 3 depicts the geonetry of the antennas 18, 20. As shown

schemat i g, ILh top view, the transmt antenna (T) 18 and the receive

~ant enna‘f@%’&wgre illustrated as generally rectangularly gﬁgﬁ%"ﬂ fﬂt ch
antennas, made of copper foils, and having a side dinension ranging between *
1/4 to 1 inch. These antennas 18 20 are fornmed on a.dielectric holding
substrate 55A of a circuit board 55, and are connected to a netal, such as
copper, ground plane board 55B. In this pHrticul ar exanple, the width W of
the circuit board 55 is about 2 inches, and its length L is about 4 inches.
The ant ennas el&triedl lengthn ofishel tnaamsmeanEmial V18 isaet 20 betdhiont belativego55H

having a thi Ghagpac :}lgapéoﬂgﬂ%fthia{)mnﬁgﬁaﬁgﬁg%ﬁgmgnet'C fieldis
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the perneabi Ithé e. VRGHHEH@ﬂLdoéd?IrFﬂng at. étﬂﬁxtpf%' iﬂch'éé EHJX t a\fﬁg The
propagitt i on | Félérce in a nateria €. g st mth PRF/\II’RI ssué o :it(\)/l ng
[err] 40 i d by samppled. Pulses from the genera
Wthh are mput mto the transmit path 112 are simultaneously input
into the gating path 114 where they pass through a range delay generator .
130 followed by a i_mpulsé generator 132, which produces a 200 ps wide
gating pulse for controlling a gating switch 34. The timing relationships
illustrated in Figure 2 also apply to the monitor 100.
In the receive path 115, the output of the summation element 36
is amplified by the amplifier 38, typically 70 dB across a passband of 0.05-
10Hz, and applied, optionally, to cardiac and pulmonary bandpass filters
141, 142, respectively. _ .
- Figure 8 is a schematic representation of an antenna 118, 120,
forming part of the monitor 100 of Figure 7, and showing a cut-away
view of a generally flat and thin housing 155H: The antenna 118, 120 is a
straight dipole, which alternatively can be folded, having a transmit
element 118 and a receive element 120, each of which is about 0.5 in x 2
in, but could be longer. The antenna can radiate electromagnetic waves
within the 2GHz band in compliance with FCC requirements.
The antenna by itself is self sufficient and does not need to be
coupled to a ground plane 155B. The ground plane 155B holds the
monitor circuitry. The antenna elements 118 and 120 can be
telescopically extended or retracted for ease of storage, transport, and also
for changing the effective length of the antenna elements. The antenna
elements 118, 120 can be marked with various markings along their
lengths, such as the marking points P, for various applications. For
instance, the marking point P is placed at about half the full extended
length of the antenna elements 118, 120 for pediatric use.
If the waveform contains ringing or components which deviate
~ from a clean half-sine shaped impulse, the response of the heart muscle



‘Muscl e propagation inpedance is 60 ohns and the propagation inpedance of

bl ood ([ernwdosbddasi s 49 ohns. This difference in inpedance pcT/NE)s/00%704845
PCT/ US95/ 10157 -12- causes 'a-difference in the refd.ecti on nagni tude between
‘the heart nuscle and its blood. In a one dinensional anal ogy to propagation
along a transmission line, which can be equated to tinme donmain
reflectometry (TDR), reflections off the hegaLt nuscle becone equivalent to
reflections froma transmi ssion 1ine discontinuity. The reflectlon
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Range Gate = 1/2 [Flight time (Air) + Flight time (szsue)]

Range Gate = | Distance Air 4+ Distance Tisggg _\[;]
' C : C

where C is the speed of light, and &y is the dielectric constant of the
tissue. The timing of the range gate 54 can be sWept over a set of ranges
to broaden the effective response range. Otherwise, with a fixed range
gate optimized for 12 inches, cardiopulmonary detection holds from 0 to
12 inches, and pulmonary detection holds from 0 to 18 inches. The
cardiac bandpass filter 141 and the pulmonary bandpass filter 142 (Figure
7) selectively filter the signal at the output of the amplifier 38 in order to
separate and identify the pulmonary motion from the heart motion.
Typically, the cardiac rate ranges between 40 beats or less per minute to
180 beats per minute, while the breathing rate ranges between 2 to 20
breaths pel"'minute. However other ranges can be selected depending on
the desired applications. The circuit diagram of the monitor 100 is
basically similar to the circuit diagram of the monitor 1, illustrated in
Figure 6, such that the monitor output, at the output of the amplifier 38
is connected to the two bandpass filters 141 and 142.

Figure 9 illustrates two timing response charts (A) and (B) plotting
the signals received by the monitor 100. The upper chart (A) represents
a combined cardiac and pulmonary response, and the lower chart (B)
represents the cardiac response with the respiration halted. The data for
both charts were obtained with the chest wall 124 positioned at a range of

- about 12 inches from the monitor 100. The data is the voltage or
- biopotential at the output of the amplifier 38. |

Figure 10 is a block diagram of another embodiment of a monitor

200 using a homodyne circuit. The homodyne circuit is described in PCT



is still easily discerned in practice as long as the polarization of the

W re andwolvg/osgasi t or antenna match - which is generally tperrRs€ihgf the
| ead 22L, and for a vertical orientation of the nmonitor 1. The present

i nvention overcomes a serious limtation stenmng froma variable
reflection magnitude fromthe first surface of the chest wall 24. The
probl em of varying first surface reflectlci? magni tude is caused by
radi ating a pul se that contains either post-shoot or ringing - a common

ef fect when radiat,in ul.ses t ant enna. diates later in
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wavef or m cont &iChsnodulation is then synchronously rectified in the receiver
(homodyne technique), thereby perm1tt1ng the use of the AC coupled
amplifier in the receiver. o
In summary, the monitors 1 and 100 have been modified for c
- homodyne operation. The homodyne technique involves modulating a
signal from a PRF generator prior to radiation and detection with a
continuous wave (CW) signal. The receive. amplifier then operates with
- a passband centered on the CW signal and is thus AC coupled. After
-amplification, the signal is synchronously detected using the same CW
signal. :
The monitor 200 includes a homodyne oscxllator 202 which
typlcally operates at several kHz (in the present example 2 kHz), and a
PRF generator 204 (similar to the PRF generator 10 shown in Figure 1),
which generally operates in the range of 1 MHz to several MHz ( 2 MHz
in the present example).. The homodyne signal can alternatively be an
arbitrary sequence of pulses having a mean frequency on the order of
several kHz and a zero average.
The signals from the homodyne oscillator 202 and the PRF
generator 204 are fed into a step or impulse generator 206 where the
- homodyne oscillator 202 amplitude modulatesthe step signal generated
. by the impulse generator 206, in effect turning the impulse generator
~ ON and OFF at the desired homodyne frequency, e.g. 2 kHz. Therefore,
the signal output by the impulse generator 206 and transmitted by the
transmit antenna 218, includes periodic packets of pulses hev_ing a
frequency of 2 kHz, such that each pulse typically comprises bu_rSts (such
- as 1,000 pulses) at a frequency of 2 MHz, with a 0.5 ms burst interval.
_ As the pulses are transmitted over the transmit antenna 218, they
are reflected off the walls of a moving object, e.g. a heart (or lung) 22 for
reception by the receive antenna 220. The signals reflected off the heart



ringing or components deviating froma clean half-sine-shaped inpul se, the

response ofwigygnhessrt nuscle noving through the range gate S54cHpssosnese! ude
oul tiple pul ses, effectively nultiplying the perceived heart rate.

Accordingly, the transmit antenna 18 and the receive antenna 20 must not
ring so both are resistively termnated and both are less than 1/4

wavel ength in dinmension. Figure 4 illustrat efgl_two timng response charts
plotting the signals received by the nonitor of Figure 1, at two
positions in pI’OXI mty to the heart. Figure illustrates foyr timng
response charts 44 gql\'ﬁ‘qdh q SeAagncer c@?rﬂfg‘cﬂ%}‘ 16¢fe cOFRsPORAING tRkine
correspondi ng t orahghitted aélkeet@tamﬂ hrwmgﬁleré fehcya)mtkletzarAﬂm recbivel ef t
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(partially shomeﬂecaodafsdmdthel heart 22Fi gure 1). The correspondi ng detection
vol tage can be store | I S.
Patent 5,361, 070_ent Maﬂé%@ﬁﬁgg’ﬁg‘gégg&a%ﬁﬂ %degﬂéa taf%gerbﬂcy
operation of thethee2 &Kl envielepgdee Qnedetgrrgmﬁdéﬁer@ceﬁaveloﬁro:rh&m| rst
range gate 54, apfe@Aatsr 48180 KoV th@%oﬁﬁﬁrheoltﬁ@ﬁﬁﬁaﬁ perateont rol | ed
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227 of e, ear Lo 22 B o R AR ROHRLA e R lGL R Blmd a5 A 0
can. be col | ect edsamplet amdy hotd capaditort 28 cThe hoaret ynepbraguemcy is amplified by
- an AC coupled amplifier 229, and is thereafter synchronously rectified
into a DC level by means of a synchronous rectifier 230A.
The synchronous rectifier 230A includes a capacitor 230C and a
~ rectifier switch 230S. The rectifier switch 230S includes a saturated
transistor, and the capacitor 230C, is typically on the order of 0.01
microfarad and is used to hold the value of voltage at the output side of
rectifier switch or transistor 2305, when the latter is driven into
conduction by the homodyne oscillator 202.

The advantage of the AC amplifier 229 is that the monitor DC bias
levels, i.e., the DC bias levels at the sample and hold circuit 26, are not
allowed to pass through (i.e., they are filtered out). These DC bias levels
vary with the power supply fluctuations and with materials brought
into near proximity to the receive antenna 220. The rectified DC level at
the output of the synchronous rectifier 230A represents the reflected
pulses from the heart 22, and the subsequent operation of the monitor
200 is similar to that of the monitors 1, 100.

* In operation, the rectifier switch 230S closes during one half of the |

homodyne oscillator cycle, and charges the capacitor 230C during this
half cycle. During the complementary (i.e., remaining) half cycle of the
homodyne oscillator cycle the switch 2305 is open, and the rectifier 230A

- does not detect the signals from the homodyne oscillator 202. As a
result, the average signal applied to the capacitor 230C represents the
peak amplitude of the signal (square wave) at the output of the AC
coupléd amplifier 229, thereby generating a DC voltage which
corresponds to the reflection signal from the heart 22 and not from the
DC voltage from the sample and hold circuit 26. -




cycle and condition of the heart 22. The use of dual range gates 54 and 54A *

resul t s wenosdsss er eo” effect which perceptively places thacbsisaoshy bet ween
the front and rear walls of the heart 22. Additional range gates can be

used. Figure 6 shows a circuit enbodi nent of the nonitor 1. The 2 Mz

PRF/ PRI generator 10 and the noise generator 9 are collectively fornmed of
two inverters (l11) 60, 61 connected in sgbles; a capacitor 62 is connected
bet ween the output of the inverter 61 and the input of the inverter 60 and

a shunt resistor: ted n th out a | nput of the inverter
60. The PRF/ PRI gﬁ%ﬁi¢ ‘ge Xw\eﬂ’ BBﬂf‘?fgnggEiﬁreé‘F‘Ha tﬁﬁ i nverter
(11) 64, andsummﬂtmmfttmdbsmed sigriads reﬂe\@cﬁﬁidmmé heart 22, as well as
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R e e
homodyne oscillator 202 are connecte_d to the impulse generator 206 and
the synchronous rectifier 230A. . :

‘The receive path of the cxrcuxt of the momtor 200 is generally
similar to that of the monitors 1.and 100, and includes the AC coupled ‘
amplifier 229 and the synchronous rectifier 230A. The AC coupled
amplifier 229 is connected between the averaging sample and hold
_circuit 26 and the synchronous rectifier 230A which is connected to the
summer 36. The AC coupled amplifier 229 includes two MC14069UB
CMOS inverters by Motorola, used. in a linear mode as amplifiers. The
synchronous rectifier 230A includes a bipolar transistor, e.g. 2N2222 by
National Semiconductor, that is turned ON or OFF by the homodyne
oscillator 202.

_ - The DC coupled amplifier 38 includes two MC14069UB inverters
by Motorola used in the linear mode as amplxﬁers Similarly, the
integrator 48 includes an MC14069UB inverter. The output of the DC
amplifier is processed as desired. While the circuits of the disclosed
embodiments have been described in term of discrete components ,
these circuits can alternatively be miniaturized by integrating these
components on an integrated circuit or chip. -

The monitors 1, 100 and 200 can also be used as microphones in
several applications. For example, Figure 12 is a timing graph which
illustrates the use of the mbnitor 1 as a throat microphone, and which
corresponds to, and graphically displays the spoken words "one
thousand”. Monitors 100 and 200 can also be adapted for use as throat
microphones. In operation, the throat microphone is positioned over
the region of the Adam's apple or in close proximity thereto to monitor
and measure the movement of the vocal chord_s. In one design of the
throat microphone, the amplifier 38 of Figure 1 has a bandwidth range




‘input into S/H circuit capacitor 28 which is gated by the gating pul se

t hrough avgbgidsey di ode DL =MBD701. The output fromthe S/ PCOUSISUBIST2G iS
input into anplifier (12) 38. The input 36 of the anplifier 38 serves as
‘the summer for the S/H circuit 26 output. The output of anplifier 38
represents the neasured bio-potential, and can be used, connected to, or
processed by various equi pment and/or insthynents, such as the headphone 42
(Figure 1). In a preferred enbodi nent, |1=74HCO4, |2=TLC274. Furt her, the
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conjunction wth, orTHspedeht dhomitpptmitesphont ken ailtepnativély be used in
conjunction with mechanical or acoustic stimulation sources. For
instance, if an acoustic beam is focused on an tumorous area, the tumor
could resonate at a predetermined frequency characteristic of its
particular nature. The monitor/microphone can detect the resonance
movement and help identify the tumor type and location. Additionally,
the monitor/microphone can be used to determine bone conduction.
An acoustic or mechanical stimulation source is impressed at one end of
the bone of interest, and the monitor/microphone is positioned at
various sites along the length of the bone, for measuring and detecting
the propagation of the stimulus by the bone. Cracks or similar
abnormalities could produée anomalous or irregular sounds or
indications.

The monitor/microphone can be used to listen to the internal

-sounds of the luhgs, for detecting abnormal murmurs, or other
movements characteristic of symptoms associated with particular
diseases or illnesses. The monitor/ microphone can also be used to
identify a fracture in an implanted metallic heart valve or other similar
objects. For example, the monitor/microphone is capable of identifying
fractures in a mechanical heart valve by detecting changes in the radar
reflectivity (i-e., radar cross section or RCS) of the valve as the defect or
crack generates an intermittent electrical contact.

Some exemplary applications include but are not limited to: (1)
pacemakers, whereby the monitors and variations thereof are implanted
to sense the heart wall movement, and are used as, or in conjunction
with conventional pacemaking principles and technology; (2) telemetry;



the switch 81 is sensed, via an appropriate resistor 82, to provide a

desired &ndi &kON, such as activity detect, in order to IPEJI. Iﬁu%r
inhibit pacing.” The sensitivity of the threshold detector net 5 can be
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regul ated by a potentionmeter 84 so as to control the anplitude of the
signal applied to the operational amplifiers 76, 77. A voltage rectifier
network 86 is connected to the PRF/ PRI gézf?érator 10 to supply -3 volts to
various conponents of the nonitor, such as the anplifier 71. The voltage
rectifier net(@bflrossscgpie(4lfetalimenitoreequipment; £5) detector of objecty | 1) 87, 88
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thyrohyoid membrane; (10) bone fracture screening monitors; (11)

enhancement to mammography; (12) intex_'nal' guiding or scanning

devices to be inserted inside tubular or other structures such as blood '

vessels, the bronchial tree of the lungs, the gastrointestinal tract, the

genital tract, or the urinary tract using an angioscope, endoscope or

catheter. - '
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(c) said gating path including a range delay generator for
generating timed gating pulses;

(d) a receive path including a receive antenna: and

(e) said timed gating pulses causing said receive path to
selectiver conduct pulses reflected from the body parts and received by
said receive antenna. _ _

2. The monitor according to claim 1, wherein the internal body
parts include a heart, and wherein the monitor provides non-acoustic
indications of the movement of the heart.

3. The monitor according to claim 2, wherein the body parts
include a lung, and wherein the monitor provides non-acoustic
indications of the movement of the lung.

4. The monitor according to claim 2, wherein the body parts
further include a lung,' the monitor provides an output potential
corresponding to the physical movement of the heart and lung, and said
output potential can be separated into a cardiac output indicative of the
physical movement of the heart, and a pulmonary output indicative of
the physical movement of the lung.

5. The monitor according to claim 4, further including a bandpass
filter for separating said output potential into said cardiac output.

6. The monitor according to claim 4, further including a bandpass
filter for separating said output potential into said pulmonary output.

7. The monitor according to claim 1, wherein said receive path
further includes a sample and hold circuit that is gated by said gating
pulses from said gating path.

8. The monitor according to claim 7, wherein a gating pulse is
delayed by approximately 2 ns from the time that said transmit antenna
radiates a transmit pulse, and wherein said gating path further includes

his Sheet Has Been Replaced
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t he spectral content of the half-sine to avoid ringing. A receive antenna

(R 120 the pul se reflected froma body organ, ng 122
(with fr‘gn)t(:\g@n rear walls 122F and 122R, respectively) anglilnﬁaelglrﬂ!ﬁJ

behind a ch m or object such as a chair 124, and applies it to a
S8 BE= 2tircuit 26 that is gated by a gat| ng pulse froma gating
eF.lgatln pul se i s del ayed by Eprom mately 3 ns fromthe tine
ant éhna 118 radi ates 't hé*pul se. Reflections occurring at
2 inches fromthe antennas 118 and 120 are t hereby sanpl ed. Pul ses
from the PRF/ #Rimpatss gerpratar whidnpeadudes 3200 ps gating nuélémﬁnﬁ gating h 112

are si gu: t anegiigl sampleUind Pbm bizeugati ng path 114 where they pass through a
range del ay genera 130 fol |l owe enerat Qr, 132, whj ch
broduces 2 200 ps. 3 cRiemORg Aseerifia o Thim Iy HEe ssict ted 6408 34, The
timng relati pﬁlshsnﬁteﬂmhﬁtth ngatirggof tRe atcrtitawpl y to the nonitor 100.
anpl 1 11 ed by the- akhl i %%g%?ta%érca‘éf* BIAHES bl S derdie e os.
10Hz, and appfurther imoludesa sampleoand hwldciranit that iscgried btyasaiq}mmfg lters
141, .142, res gegg{,ﬁé@g

ant enna 118 Q%Eh;fgdr%safd gldhﬁgﬁdttﬁhgna%nﬁ%’%éﬁﬁ utr?%h%,m ngashow ng
a cut-away vi&amplesgthg F%ﬂi‘ nglSé#daﬁ%FlY%Pﬁt}héﬁkqaﬁblﬂgalmm%e antenna 118,
120 is a straight @1 pqir@ moRitoR a@héﬁlﬁgttbwlm gawﬂéeeﬁxoéadaciecétw

pat T‘i‘?" REP

transmt ele a recei v rrent 12 i s about 0.5
inx 2in, ”Fur Cg Soﬁj"é‘lmm? g‘r‘fh %&E&m@net iC
waves. W t hin féﬂaeciiﬁis b Anl amgplifiet |fanamphfytng:fb@ oatputrafr&amds ‘

summation element.

12. The monitor according to claim 11, further including an audio
oscillator which has its output multiplied by the output from said
amplifier, and wherein the output of said audio oscillator is frequency
modulated by the rate of change of the signal from said amplifier for
generating a Doppler effect that is related to the velocity of the
movement of said body parts. ' :

13. The monitor according to claim 12, wherein said receive path
further includes a differentiation circuit for denvmg the rate of change

- of the signal from said amplifier.

14. The monitor according to claim 11, wherein said receive path
further includes a feedback path comprising an integrator which servo's
the output of said AC coupled amplifier until an equilibrium is reached,

- such that the output of said AC coupled amplifier is forced to equal a
reference voltage applied to said integrator. -

15. The monitor according to claim 11, further including a dual
time constant circuit such that for large signals related to gross sensor
motion relative to pulmonary motion, there is a fast AC coupling time
constant, and for normal signal levels related to heart motion there is a
much slower AC coupling time constant. - S

16. The monitor according to claim 15, wherem said dual time
constant circuit includes two oppos1tely onented diodes shunted by a

resistor.
17. The monitor according to claim 1, wherein said nmed gating
 pulses determine at least a first and second range gate. ' —
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* The antenna by itself is self sufficient and does not need to be coupled to
a ground vpb3£648495B. _The ground pl ane 155B hol ds the noni t perdsdsadigsry. The

. antenna el enents 118 and 120 can be telescoplcally extended or retracted

for ease of storage, | so for changing the effective length
of the antenna el erre “Hmmﬂm mﬁmel enents 118, EB rked wth
various markings along theit I"engths, suc%,’s the mg fsn%R:ﬁgE for
various applications. For instance, the rki ng poilnt P Ts p ced eit about
hal f the full extended_| ength, of the antenn Rts 118, 120 far

pediatric use. If t ¢ NORIPE BFEOLAS 19 § ‘Wg oW hersip saidh transmit Rathevi at e
froma cl ean hairtheri inelwdespe thomigdy e osdillatorewbivls gené t@hbﬁ@dgnE‘USd e
WO 96/ 04845 ) osdt ' gerera PCT/ US95/ 10157
-17- or lung b3 Eﬂﬁléry novi ng through the range gate 54 woul d incl ude
mul tiple pul ses, eft%cTheghgnitar acgirdimg te kipeldevherkinsaid hnquyne
Accordingly, t

gy §1§n£ gad}é f}‘é% t&%fﬂ‘ﬂﬁﬁﬁ}%ﬁﬁr%@ féf‘gel%?ﬁvg-‘flgr i #}Pﬁgg them wi th

el enent 120 are“nm e non-ri resistive
resistors RT a3Rd QEF s%dp@mulwaﬁne'é?éor R asprreé@tﬁ;mxne#.
Consequent ly, ##h éﬁtt T R response is a clean half sine- shaped | mpul se. The

exact or opti mal %t{kg 4 and/.or, 5 fA can be fer m ned by the
fol | owi ng equat i ons O mOil}thl[rﬂ *%F‘Oc"efréeft one, O time
(Tissue)] internal body parts, comprising:
(a) simultaneously inputting a sequence of pulses to a transmit
path and a gating path;

(b) transmitting said pulses along said transmit path for driving
an impulse generator in order to provide correspondmg transmit pulses
to be applied to a transmit antenna;

(c) generating timed gating pulses along said gating path by
means of a range delay generator;

(d) said timed gating pulses causing a receive path to selectively
conduct pulses reflected from the body parts and received by a receive
antenna.
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Range Gate = [ Distance Air + Distance Tissue [err] C C where C
is the speP¥044ght, and [err] is the dielectric constant of the tissue.
The timng of the range gate 54 can be swept over a set of rgﬁﬂﬁﬁ?f(¥57
broaden the effective response range. Gt herwise, with a fixed range gate
optim zed for 12 inches, cardlopulnnnﬁm&'hgtectlon holds fromO to 12

I nches, and pul nonary detectlon holds fromO to 18 inches. The cardi ac
bandpass filter 141 and the pul nonary bandpass filter 142 (Figure 7)
selectively filter the signal<at the output of the anplifier 38 in order to
separate and identify the puIﬁ%nary notion fromthe heart notion

Typically, the.cardiac raye ra ges bet weergqg40 beats or less per mnute to
180 beats per mnyte, whil¥ }hicahi ng Nat e ranges between 2 to 20
breat hs per m nut Howg ™»an be selected depending on the
desired appllcatldﬂs of the nonitor 100 is basically
simlar to the ciJcW\ 1, illustrated in Figure 6,

such that the 4§e anplifier 38 is
ﬂ! igure 9 illustt™ates two

connected to the®™t
timng response char b ¢ gnal S received t he
; i ned cardi ac an

moni tor 100. e
pul nonary respon L_represents the cardi agwesponse
bof h charts were obtain W th

with the resplragf
t he chest wall 124 p05|t|oned range of about 12 inches from
BiHAgb bi opotential at the outpu f the
ck {di a® am of anot her enbodi nent sif

nmoni tor 100. The data is tge WO a{
anplifier 38. Figure 10 | S
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- 200 using a honmodyne circuit. The honodyne circuit is described in PCT
WD 96/ 04845

PCP¢19889510153 7 - 18-

pat ent aﬂﬁ?? WB45n entitled Electronagnetlc H dden bj ect Detector™
« serial nunber PCT/US94/04813, filed on May 9, 1994, by Thomas E. McEwan.

The nonitor 200 generally includes an AC coupled anplifier in the receiver
path that prevents DC signals from passing fromthe averagi ng sanple and
hold circuit to the nonitor output. This AC coupled anplifier filters out
the DC bias level shifts in the S/Hcircuit 26. An AC nodul ation is
i npressed upon the transmtter pulses, and this AC nodul ation is then

synchronously rectified in thg%ftﬁrﬂver (honodyne techni que), thereby .
uple

permtting the use of the AC d anplifier in the receiver. In summary,
the monitors 1

-4ym$é%ﬁ¥¢ﬁwe—ﬁ?eﬁ—ﬁad+¥+ed—#e+—heredyﬂe—eperat|on The
honodyne te?hnique i qvol ves dul ating ja si

signal froma PRF generator prior
to radiatio and detqction wtfh a contijpuous wave (CW signal. The receive
amplifier then operatles with g passband

centeredjon the CWsignal and is
t hus AC cougl ed. Aftgqr anplififjcation, the signal{is synchronously detected
using the sgne CWsignal. The jronitor 2P0 includps a honodyne oscill ator
202 whi ch '

FIGURE 2
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‘typically operates at several kHz (in the present example 2 kHz), and a PRF
gener at or _204 imlar to the PRF generator 10 shown in Fi ich
generallyvﬂbgwg$%£1in the range of 1 MHz to several MHz ( %ﬂ#ﬁgé%ﬂoﬁﬁe
‘present exanple). The honodyne signal can alternatively be an arbitrary
sequence of pul ses having a nean frequency on the order of several kHz and
a zero average. The signals fromthe honodyne oscillator 202 and the PRF
generator 204 are fed into a step or inpul se generator 206 where the
honodyne oscillator 202 anplitude dul ates the step signal generated by

t he i mpul se generator 206, in ef3 turning the inpul se generator ON and
OFF at the desired phonodyne frequency, e.g. 2 kHz. Therefore, the signal

- output by the inp$‘ .?enerator 206 and transmtted by the transmt antenna
218, includes peritodi c*packets of pul ses having a frequency of 2 kHz, such

t hat each pul se t ¥ | y conprises bursts (such as 1,000 pul ses) at a
frequency of 2 M, Wt 0. burst interval. As the pul ses are
transmtted over f nsW i aMeenna 218, they are reflected off the walls
of a noving object],\eg\\a hpart (or lung) 22 for reception by the receive
ant enna 220. The 4i gnal eNed of f the heart WD 96/ 04845

med\of a sequence of periodic pul ses,

3
- PCT/ US95/ 10157%g 19- P4
t paskets, and having a frequency of 2 kHz.

correspondi ng Yo' i
At the receive
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-antenna 220, the anplitude of the 2 kHz envelope is related to the

reflectiaon fr
desired t‘BOPg/?@‘

*fromthe integrator 48,

he heart 22.

I n one enbodi nent of the nonpCoUSEMDISTt S
nce the.2 kHz envel ope to a predeterm ned reference |evel

thus allowi ng the nonitor 200 to basically operate
simlarly to the nonitors 1, 100. For this purpose,

a receiver sanple and

hold circuit 26 averages the 2 MHz bursts (pul ses) over a period.of about
0. 1 nms, so that only the 2 kHz honbodyne frequency remai ns on the sanple
and hol d capacitor 28. The honodyne frequency is anplified by an AC coupl ed

anplifier 229, and is thereaftqﬁ/!%bchronously rectified into a DC | evel by
0

nmeans of a synchronous rectifier

A. The synchronous rectifier 230A

i ncl udes a capacitor 230C and a rectifier switch 230S. The rectifier switch

230S includes a saturated transistor,

and the capacitor 230C, is typically

"on the order of 0.01 m &ofarad and is usegto hold the val ue of voltage at
t he out put side of

rectii®ier swtch or traM¥i stor
driven into conduction t he honodyne osc

230S, when the latter is
| at or 202. The advantage of the

AC anplifier 229 is thatQthe nonitor DC bi s levels, i.e., the DC bias

| evel s at the sanple andghold circuit 26,

supply fluctuations and th materials bro

ht

e not allowed to pass through

(i.e., they are filtere ut). .These DC bi%% | evel s vary with the power

recei ve antenna 220. TheJectified DC | eve
synchronous rectifier 230A represents the ~a
=10
100

22, and the su
the nonitors 1

Non-acoustic Electronic Stethoscope Response

into near proximty to the

at the output of the
flected pul ses fromthe heart

s simlar to that of

Time (1.0 sec/div)
FIGURE 4
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-

In operation, the rectifier switch 230S cl oses during one half of the
honodyne osowvbberb4sas cycl e, and charges the capacitor 230C during this half
cycle. During the conplenentary (i.e., remaining) half cycle $AS/10157
honodyne oscillator cycle the switch 230S is open, and the rectifier 230A
does not detect the signals fromthe honodyne oscillator 202. As a result,
the average signal applied to the capacitor 230C represents the peak
anplitude of the signal (square wave) at the output of the AC coupled
anplifier 229, thereby generati nggmvol tage whi ch corresponds to the
reflection signal fromthe heart not fromthe DC voltage fromthe
sanpl e and hold circys 26. WD 96/ 04845 _ -
PCT/ US95/ 10157 - 20- %te DC vol t age devel opedgpn t he capacitor 230C
represents the sumuafiffon of the desired sig s reflected fromthe heart
22, as well as undesi*®able reflections from ®ari ous sources including the
noni t or housi ng and rect antenna-to-antenng»xcoupling. The output of the
DC coupl ed anplifiere8 is caused t'ﬁ be equats'to DC Reference voltage.
Figure 11 is an exen@gary circuit dgagramo he nmonitor 200 of Figure 10.
The nonitor includes¢ honodyne oscit | ator 2% which typically conprises
two CMOS inverters 188, 151. The o uts of e honodyne oscillator 202 are-
connected to the irrp,gse gener at or 6 and Fﬁe synchronous rectifier 230A
— -

/

Time (1.0 sec/div)
FIGURE 5
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- The receive path of the circuit of the nmonitor 200 is generally simlar to
that of twa Lfors 1 and 100, and includes the AC coupl egcajbsidisf 229
and the syrﬂ: us rectifier 230A. The AC coupled anplifier 229 iIs
connected between the averaging sanple and hold circuit 26 and the
synchronous rectifier 230A which is connected to the sumrmer 36. The AC
coupled anplifier 229 includes two I\/C14g3/?i§ CMOS inverters by Mtorola,
used in a linear node as anplifiers. Th chronous rectifier 230A

i ncl udes a bipolar transistor, e.g. 2N2222 by Nati onal Sem conductor, that
is turned Oy, or OFF by the@honodyne oscillator 202. The DC coupl ed
anplifier %'ncludes AR ACL4069UB [ nvert e by _Mhtoral g ed _in the

| i near node ampld flers. Simlarly, ‘the integrator 48 includes 4n
MC14069UB i ig& ter ® Thelptfiput of the DC anplifier is processed ad desired.
Wiile the ci®cuits & |the disclosed enbodi nents have been describdd in term
of discrete nmponer®$.[ *nese circuits can alternatively be mniatlurized by
i ntegrating_these conppnents on an integrated circuit or chip. Thg nonitors
1, 100 andg;ZO can al sp H'used ‘as m crophones in several applicatfions. For
exanpl e, Fi e 12 i@ Bl g1 ng graph which illdistrates the use of jthe
nmonitor 1 as t hgoay [N bphone, and whi @ colres@bnds to, and griaphically
di spl ays the spol!ér\] ds "one thousand". NQ!T: orf 100 and 200 car] al so be
adapted for upe as thrpat nmicrophones. In op {pHr theg hroat nifcrophone

i s positioned]over  h&egrer—e+ t he Adam sogpbl e or in Gtose projimty
thereto to mnitcE anghneasur e tge~ymwvenent ofTthe vocal ‘chords. In one
design of the
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- throat m crophone, the anplifier 38 of Figure 1 has a bandw dth range WO
96/ 04845 PCT/ USRYdédkadis?21- of
20 Hz t o VO84S, { he nonitor

c

out put can-'be used w thout a voltage
controlled oscillator to provide audible sounds. Another exenplary

application of the throat m crophone is the identification of |esions or
ot her abnornmalities in the vocal chords region, by acoustically exciting
such region. An acoustic excitation is applied fromthe nouth toward the
throat and the throat m crophone i@zgagd to record the resulting response.
A lesion or abnormality would prod n abnormal resonance whi ch woul d be
det ected and neasured by ﬂhe thqat m cropghone. Simlarly, the ear druns
can be excited and the cow e f\thﬁalon response detected by the

m cr ophone and® ecopded tic purposes. The present

moni tor/ m cropMoQef can a@:ernatlvely be §sed in conjunction with nmechani cal

or acoustic stinulfati on soyrge B insthnce, if an acoustic bean1|s
f ocused on an tu

frequency characte
can detect thelly
| ocati on. Addi

" bone conducti on.

ugt,ure. The nonitor/ m crophone
p i ~fy the tunor type and
¥ n be used to deternine

An i Trul ati on source is inpressed
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the bone of interest, and the nonitor/m crophone is positioned at various
si tes al ongwolveodsasgt h of the bone, for measuring and detecting the
propagation of the stimulus by the bone. Cracks or simlar aBﬁ%@ﬁﬁV“ﬂ?@s
coul d produce anomal ous or irregular sounds or indications. The

moni t or/ m crophone can be used to listen to the internal sounds of the

| ungs, for detecting abnormal murnurs, or other novenents characteristic of
synptons associ ated with particul ar di 5681!12 or illnesses. The nonitor/

m crophone can al so be used to identify a fracture in an inplanted netallic
heart valve or other simlar objects. For exanple, the nonitor/m crophone
is capable of identifying fractures in a nechanical heart valve by
detecting changes in the radar reflectpvity (i.e., radar cross section or
RCS) of the valve as the defect or cra@gk generates an intermttent

el ectrical contact. Sonme exenplary appfications include but are not limted
to: (1) pacenakers, mhﬁﬂaby the nonitors and variations thereof are

i npl anted to sense the t wall nov nt, and are used as, or in
conjunction with @nventional pacenakipng principles and technol ogy; (2)

tel emetry; WO §8/ 04845 o

PCT/ US95/ 10157 -22= (3 rosgopy; (p) fetal nogytor equipnent; (5)
det ect or of objects \ oflg i NS t hé boey—iEy s%?den i nfant death
syndrone (SID); (7) . O '

118

FIGURE 8
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el ectrocardi ography (EKG; (8) echocardi ography, (9) imaging, neasuring and
scanni ng nonitors and net hods, whereby the nonitors can RETIRROE 10187
substi t yo6/d4845 Or in conjunction wth conventional systens such as

ul trasound devices, NVR, and NM, for inmaging various organs, nenbers or
tissues, including but not limted to the uterus, fetus, ovaries, bones,
‘bl ood clots, brain, spinal chord, nuscles, prostate, and thyrohyoid
menbrane; (10) bone fracture screening nonitors; (11) enhancenent to
manmogr aphy; (12) internal guiding or scanning devices to be inserted

i nsi de tubul ar or other structures9£#@&h as blood vessels, the bronchia
tree of the lungs, the gastrointestinal tract, the genital tract, or the
urinary tract using an angfoscope, endoscope or_catheter. 23 What is
clainmed is: 1. Anonitor f& detecting the nowegent of one or nore body
parts, conprising; (a) a p@se generator for grgducing and simultaneously

I nputting a sequence of es to a transm t E&ﬁh and a gating path; (b) an
i mpul se generator connectg@to said pul se gengy [

or for producing
correspondi ng transmt pLg'&s; (c) a transmt ga@ enna connected to inpul se
generator to EE i"" _
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transmt said transmit pulses toward the one or nore body parts; (d) a
range del ayo@eafagt or connected to said pul se generator forP&Flﬂgiﬁlﬁowlg
tinmed gating pulses; (e) a receive antenna;*(f) a sanpling recerve
connected to said receive antenna in a receive path; (g) said range del ay
generator being connected to said sanpling receiver and producing tinmed
grating pulses at a fixed range corresponding to the |ocation of the one or
nmore body parts so that said timed gating pul ses cause said sanpling
receiver to selectively sanple pul s4g/fg!|ected fromthe one or nore body
parts and received by said receive antenna to produce an aver- aged sanpl ed
signal; (h) a signal processgL-eermected~ o said sanpling receiver for
detecting changes in ta€ averaged sanpl ed stNgnal and provi di ng an out put
signal indicative of Mmtion of said one or no\e body parts. 2. The nonitor
according to claim1f for detectdng nove- nent} of a heart; wherein said

si gnal processor inchkudes neans SRbr produc- irfg non-acoustic indi@ions of

t he movenent of the hgart. 3. The nonitor accprding to claim2, f G
det ecti ng nove-

&
.
FIGURE
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ment of a lung; wherein said signal

i ng non- agey sslolsgesi Ndi cations of the noverment of the lung. $erki@sARgs t Or
., according to claim 2,

wherein the output signa
and wherein said signal
I nto a cardi ac out put

and | ung;

t he out put signal

nmovenment of the heart,

and a pul nonary o |
movenment of the lung. & The nonitor acciﬂﬁug

rating neans co
i nto said cardi

sepa-
si gnal

wherein the sepa-
sai d out put signal

rati

processor

for detecting nove-
corresponds to the physical
processor

i ndi cative

i ncl udes neans for

ment of both a heart and a
novement of the heart .

sepa-

I ncl udes neans for produc-

| ung;

rating

24 of the physical

ndi cati ve of the physical
to claim4, wherein the

es a bandpass filter for separating said output

§(S)ut put .

6. The nonitor according to claim 4,

means conprises a bandpass filter for separating

i nto,sai d pul nonary out put.

7. The nonitor according to

claim1, wherein sai.d sgm 10 pling receiver conprises a sanple and hold

circuit that is gated b
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8. The nmonitor according to claim7, wherein said range del ay generator
produces a B96/0484sul se which is del ayed by approximately 2 }ﬁ}({)ﬁeconds (2 -
ns) fromthe time that said transmt antenna radiates a tran f and
further conprising an inpul se generator connected between the range del ay
generator and the sanple and hold ciruit which produces a 200 ps gating
pul se for gating said sanple and hold circuit. 20 9. The nonitor
according to claim1, wherein said range del ay generator conprises an

adj ustabl e fixed delay so that the tinmed gating pul ses determ ne the range
gating of the nonitor to the one or nore body parts. 10. TN nonitor
according to claim9, wherein sg?!,i?asanpling recei ver comprises a sanple
and hold circuit that is gated gating pul ses fromlggi d gating path;
and wherein said sanple and hold circuit sanples the pul sefgal ong said
receive path at |east 1,000 tinmes and pro- duces an averadfy sanpl e signal
wth a peak value 30 substantially equal to that of ef |l ected pul se.
11. The nonitor according to claim9, wherein said signal ocessor further
i ncludes a sunmation el enent connected to the sanple and hOMd circuit which
substracts background reflections, and an anpllfler connected to the

summat i on 35 Eremgnt yor gt ryt§FFT+ﬁ'u tpotr-of—patth summati on el e- nent.
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anmpl ifier
frequency no e of change of the signal frontsaid"anplifier
-for generati 3 Doppl er ¢t that Iig !{% th %t;% % t he
novenment of I'% ,,pa;;aslfm The SSb Al BLE L8 118 el ¥ further
conpri sing 45 i Fation cirguit connected to said anplifier for
deriving the rate OW aﬁﬁ ke signal from said arrpllfler 14. The

moni tor according t al . &It her
I ncl udes a feedba% Hsgf ﬂi&%prfloé\llﬁﬁ&t%gsﬁcd‘ﬁ% tor %rf%gl servo s t he out put
of said anplifier Q qﬂ‘F tbriumis reached, such that the output

of said anplifier i€a¥arpadetgeneptar for rproduemgeandolsuag.&zawﬁl}éd_ to said

i nt egrat or. 25 15. ﬂﬁmngru sezeeace @f fulges w altransmid pafivandiar i ncl udi ng
a dual time constant gagpdidatsuch that for Iarge signals related 55 to

ross sensor notion a nQ h st AC
goupl ing time const ﬁfhﬁs}%r‘ &?@6@?_‘1 fﬁ{l%&f%%a{o heart
motion there is a muchosPRGICRE r"esno § tansmut ulscs.
(c) a transmit antenna connected to impuise generator to
trapsmit said transmit pulses toward the one or more
bedy parts;
(d) a range delay generator comnected t said pulse
generzator for geaerating timed gating pulses;
(e) a receive aaceana;
(£) 2 sampling recsiver conpectad 1o said recsive antznma
in a r=csive path;
(g) said range delay generator being connected to said
sampling receiver and producing timed gating pulses at
a fixsd range corresponding to the locaton of the one
or mors bedy parts so that said timed garing pulses
use said sampling recsiver o selecuve.y sample
pulses refieczed from the one or mors body parts and
received by said receive antenna to produce an aver-
aged sa:npled signal;
(h) a signal processor connected to said sampling recsiver
for detecting changes in the averaged sampled signal
and prov:dng an cutput signal indicative of mouon of
said oge or more acdv parcts.
2. The monitor accord.mc to cla:.m 1, for detecting move-
ment of 2 hear;
wherein said signal processor includes means for produc-
ing non-acoustic indications of the movement of the
hea—u '

3. Tae monitor according to claim 2, for derecting move-
ment of 2 luag:

wherein said signal processor includes means for produc-
ing noa-acoustic indications of the movement of the
lung. _ _
4. The moniter according to claim 2, for detecting move-
ment of both a hcart and a lung:

wherzin the cutput signal correspands to the physical
movement of the heart and lung; and

wherzin saud signal proczssar includes means for scpa-
rating the qutput signal into a cardiac output indicative

11 The rmmWEr aCTOT dl }R@E‘ic ﬁWl,KMrther conprising an audio




coupling time constant- Hre-monttqr according to claim15, wherein said
dual 60 .tine constant RECUI + SNAGHEESY t wo oppositely oriented di odes
shunted by a resistori.{17._ The nonitér according to claim1l, wherein said
range€ del ay generat ori tar@c?u&{ﬁ #%7er h4 ) del.ays so that the ti rred ¢
- pul ses determ ne at lieast a first angd : < : AL
moni t or accordi ng to ickarmt—furttet iconpdi si ng a hom)dyne OSCI | I at or
connected to the mpull-. i 18 0ehBincd uaitar] £19 gidi¢ signals to
modul ate the transmt pul se@,m@ﬁglmrmm gﬁﬁ{capmam fine lGhie sanpl i ng
receiver and the honodyneSothé idoaitof sécordingu &ldm 4 widein thélségin from the
sanpl ed refl ected pul sesatingimeditcomiprisesa basdpasgiileg forosephratiig 3did wher ein
sai d honodyne si gnal ssarceguedighal ine shid qudiscogpuer at or for sel ectively
switching ON and OFF sai d6j T heoeitge aetonfing tatclampd, adedreintheéepanonodyne
frequency. 20. The noni tratingaocamscomprises £ bandpadBilvdrdoreicparadngl saiénodul at or
conpri ses a synchronous output sﬁnﬂrxnt@daxdﬁhhnmbmpuaccordl ng to cl al m 1 for
det ecting 7. The monitor according to claim 1, wherein said sam-
10 pling receiver compnses a2 sample and hold circuit that is
gatcd by said gating pulscs from said gating path.
8. The monitor according to claim 7, whercin said range
delay generator producss a gating pulse which is delayed by
approximately 2 nanoseconds (2 ns) from the time that said
transmit antenna radiates a transmit pulse; and
further comprising an impuise gescrator commecicd
L between the range delay generator and the sample and
N~ : hold circuit which producss a 200 ps gating pulse for
gating said sampie and hold circuit.
w0 9 Themommrac.crdmgwc.azml wherein said range
delay generator comprises an adjustable fixed delay so thal
the timed gating pulses determine the range garing of the
mogitor to the one or more bedy parts.
10. The moritor according to claim 9, wherein said
¢ Sampling receiver comprises a sample and hold circuit that
mga:ulbysa;dganncpulscs from said gating path; and

wherein said sample and hold circuit samples the pulses
along said recsive path at least 1,000 imes and pro-
duces an averaged sampie signal with a peak value

10 substantially equal to that of a reflected pulse.

11. Tae mounitor according to claim 9, wherein said signal
processor further inciudes a summation element connected
to the sample and hoild circuit which subtracts background

| : reflections, and an amplifier connected to the summarion
AN 35 clement for amplifying the output of said summation ele-
ment,

12. The monitor accerding to claim 11, further comprising
an audio oscillator which has its cutput multiplied by the
output from said amplifier; and

40 whersin the output of said audio oscillator is frequency
modulated by “the rate of change of the signal from said
- amplifier for generating a Dogpler effect that is related

to the velacity of the movement of said body parts.

13. The monitor according to claim 11 further comprising

45 a differeariation circuit connected to said amplifier for
deriving the rate of change of the signal from said amplifier.

14. The monitor according to claim 11, wherein said
signal procsssor further includes a fesdback path comprising
an integrator which serva's the output of said amplifier until

50 an equilibrium is reached, such that the output of said
amplifier is forced to equal a reference voltage applied to
said integrator.
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novenment of the voca
for passing out put -si
Mct hod for nonitoring
conpFi sing: (a) sinult
- path and a gating path

chords e signal processor includes neans
'Eéﬁ.AdEN@Nms&mﬂT th range of about 20 Hz-3 KHz. 22.

ne or nore internal body parts,
equs pEquyItl a sequence of pulses to a transmt
(b) " produci ng

da a:@%_s_ ftiﬂwe_S%ie[étn-%%@bMﬂsmgs path
fromsaid i nput sequen pulrses

toward the one or norelinternal body pakts; 27 (c) generating tiwmed
gating pulses in said ng path from said i nput sequence_ of ﬁulses sai d

gating pulses defin- ing a fixed range gate at the positi mmml uwm“twllh
e

nore 5 body parts; (d) selectively Teceiving pul ses
one or nore body parts by receiving reflected signals coinci- dent” with the

ti med gating puIEnsTﬁ@ mofijors acgbrdingnbd eiaimdls fudthes md:h[ﬁmg | ected
Sﬁéfiéeé"s% gt nﬁ%@?BHSE’%%%’?ﬁ*ﬁ%ﬁ%%ﬁ%?—éﬁ%f R o T
to cro s sensor motioa relative to pulmonary mouon, ther
is a fast AC coupling time constant, and for normal signal
levels related to heart motion there is a much slower AC
coupling tWme constant.
16. The monitor according to claim 1: wherein said dual
60 timc constant circuit mcludcs two oppoesitcly oricated dxodcs
shunted by a resistor.
17. The monitor according to claim 1, wherein said range
delay gencrator produces alternating delays so that the timed
gating pulses determine at least a first and second range
65 gates.
18. The monitor according to claim 1, further comprising
a homodyne oscillator connected to the impulse gencrator




23. The nethod of claim22 further conprising directing said transmt
pul ses tqwards any of {TN€ heart \UD€€L and vocal chords; selecting said

fi xed range gate to r ¢ &EFS %”@WHﬁE | ect ed therefron1 and produci ng an
out put si gnal indicati\e o% Fﬁﬁeﬂﬁ?t ereof. 20
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which generates homodyne signals to modulate the transmit
pulscs, and a demodulator connectcd to thc sampling
receiver and the homodyne oscillator to remove said modu-
lation from the sampled reflected pulses.

19. The monitor according to claim 18, wherein said
homodync signals are fed to said impulsc generator for
sclectively switching ON and OFF said impulse generator at
a predetermined homodyne frequency.

- 20. The monitor according to claim 18 wherein said
. demodulator compriscs a synchronous réctificr.

21. The monitor according to claim 1 for detecting
movement of the vocal chords wherein the signal processor
includes means for passing output signals in a bandwidth
range of about 20 Hz-3 KHz.

22 Mcthod for monitoring the movement of one or more
internal body parts, comprising:

(2) simultaneocusly inputting a sequence of pulses to a

transmit path and a gating path;

. ® producmg transmit pulses in said transmit path from-
said input sequence of pulse and launching said trans-
mit pulses toward the one or more internal body parts;

\\
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(c) generating timed gating pulses in said gating path from
said input sequence of pulses, said gating pulses defin-
ing a fixed range gate at the position of the one or more
body parts;

(d) selectively receiving pulses refiected from the onc or

- more body parts by receiving reflected signals coinci-
dent with the timed gating pulses;

(¢) sampling and storing said selected reflected pulses to
produce an averaged sampled signal;

(f) detecting changes in the averaged sampled signal to
detect movement of the one or more body parts.

23. The method of claim 22 further comprising directing
said transmit pulses towards any of the heart, lungs, and
vocal chords; selecting said fixed range gate to receive
signals reflectsd therefrom; and producing an output signal
indicative of movement thereof, o

t * * * o .
LT

s *



