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[57] ABSTRACT

A system for monitoring cyclic movements, such as
respiration of a patient, and indicating when such
movement ceases comprises a scanner arranged in use
to provide a movement-sensitive field. For patient
monitoring this field envelopes at least part of the pa-
tient. Circuitry for monitoring variations in the field
controls indicator circuitry which provides the indica-
tion that movement has ceased. The indicator cir-
cuitry provides a signal for each successive group of a
predetermined number of movement cycles and re-
sponds to the absence of such a signal in a predeter-
mined interval from the preceding signal to provide
the indication that movement has ceascd. In the case
of monitoring respiration, an alarm is given after a
predetermined delay from cessation of breathing un-
less thc patient’s movements provide signals in the
scanner output corresponding to a predetermined
number of breathing cycles. Extraneous movements
near the patients are unlikely to cause this to happen,
so that the system is virtually certain to provide an
alarm as soon as possible after cessation of breathing
without being inhibited by c¢xtraneous movements.

7 Claims, 6 Drawing Figures
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PATIENT MOVEMENT MONITORING
APPARATUS

The present invention relates to improvements in the
monitoring of patients, and is more particularly con-
cerned with an improvement in the invention of the
commonly owned prior co-pending Application No.
225934 filed 14 Feb. 1972 which issued on Mar. 12,
1974 as U.s. Pat. No. 3,796,208 and will hereinafter be
referred to as the prior patent.

The prior patent describes a system suitable for mon-
jtoring movements of a patient and indicating when the
degree of movement is such as to require attention, the
system comprising a scanner arranged in use to provide
a movement-sensitive field enveloping at least part of
the patient, circuitry for monitoring variations in the
field, and indicator circuitry controlled by the monitor-
ing circuitry to provide the indication that attention to
the patient is required.

The monitor system is particularly, but not exclu-
sively, suitable for use as a respiration monitor or apnea
detector, registering the respiration of a patient by
means of the movements of the patient’s chest wall.
Apnea is the cessation of respiration and is a common

condition in premature babies. As cxplained in the -

prior patent, provided apnea is detected quickly
cnough, it is generally possible to restimulate respira-
tion.

The system described in the prior patent is made in-
sensitive to movements at frequencies higher than
those likely to be encountered in breathing, that is to
say of the order of 80 cycles per minute. This lessens
the likelihood of the device being activated by move-
ments extrancous to the patient. With this system, it has
been found that the presence of persons standing
within a foot or two of a baby’s cot did not appear to
interfere with the operation of the detector, provided
that its sensitivity was appropriately regulated.

The system of the prior patent huas also been used for
monitoring respiration in adults, and it has been found
that the presence of staff alongside the bed and move-
ments of patients in adjacent beds have caused no in-
terference in operation.

Nevertheless, it has been found that in some circum-
stances movements other than those of the patient
monitored can produce anomalous operation. This is
particularly so when the breathing of a premature baby
under intensive care is monitored, through the acrylic
or glass top of an incubator. This produces not only an
enforced extra distunce between the monitor and the
patient, and so a larger irradiated area, but also the
likelihood of scatter from the incubator top.

The system activates an alarm after a predetermined
delay from cessation of breathing. The difficulty expe-
rienced is that extrancous movements during this delay
period may be interpreted by the monitor system as a
normal breathing cycle and may re-set the alarm timer
circuitry without the alarm being sounded. The addi-
tional delay can have serious consequences for the pa-
tient.

The present invention is intended to provide a system
in which this disadvantage is substantially eliminated.

In accordance with the present invention a system for
monitoring cyclic movements of a patient and indicat-
ing when such movement ceases comprises a scanner
arranged in use to provide a movement-sensitive field
enveloping at least part of the patient, circuitry for
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2

monitoring variations in the field, and indicator cir-
cuitry controlled by the monitoring circuitry to provide
the indication that movement has ceased, the indicator
circuitry providing a signal for each successive group of
a predetermined number of movement cycles and re-
sponding to the absence of such a signal in a predeter-
mined interval from the preceding signal to provide the
indication that movement has ceased.

It will be appreciated that with this system an alarm
is given after a predetermined delay from cessation of
breathing unless extraneous movements around the pa-
tient are such as to provide signals in the scanner out-
put corresponding to the predetermined number of
breathing cycles. This is most unlikely to happen, so
that the system is virtually certain to provide an alarm
as soon as possible after cessation of breathing without
being inhibited by extraneous movements.

In the following detailed description, the circuitry of
the monitoring system will be described in detail, ex-
cept where it is very similar to that described in the
prior patent. Likewise, the detailed operation of the
system will not be described in the present specifica-
tion, the reader being referred to the prior patent for
further details.

The invention will now be described in more detail,
by way of example and with reference to the accompu-
nying diagrammatic drawings in which:

FIGS. 1, 2 and 3 are three sections of the circuitry of
the monitoring system, being contained in a single unit
with the radar unit antennac:

FIG. 4 shows a remote alarm unit for conncction to
this unit;

FIG. § is a block diagram of the system; and

FIG. 6 is a waveform diagram related to FIG. §.

Referring to FIG. 1, the receiver antenna of the radar
unit is associated with a mixer diode D1 whose cathode
is connected to the grounded horn antenna and whose
anode is connected to ground through electrolytic ca-
pacitance C1. The anode of the diode D1 is also con-
nected to a terminal P16 of a printed circuit board on
which the majority of the components shown in FIG. 1
are mounted. The opposite ends of a variable resistance
VR1 are connected to terminal P16 and a further ter-
minal P15. The variable tap of the resistance VRI is
connected to a terminal P14,

Terminal P14 is connected through the series-
connected combination of a resistance R7 and an elec-
trolytic capacitance C3 to the input 1 of an integrated
circuit amplifier Al. The junction of resistance R7 and
capacitance C3 is connected to ground through an
electrolytic capacitance C7. Terminal P15 is also con-
nected to ground. A first power supply terminal 2 of the
amplifier Al is connected to a terminal P13 through
the scries-connected combination of resistances R2
and R3. It is also connected to ground through an elec-
trolytic capacitance C2. The junction of resistances R2
and R3 is connected to the amplifier output 3 through
a resistance R5 and to the cathode of a zener diode
ZD2 whose anode is connected to ground. The cathode
of the zener diode ZD?2 is also connected through the
series-connected combination of resistances R8 and R9
to terminal P16. The junction of resistances R8 and R9
is connected to ground through an electrolytic capaci-
tance C22.

The second power supply terminal 4 of the amplifier
Al is connected to ground.
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The amplifier output 3 is connected to ground
through the series-connected combination of a resis-
tance R6 and an electrolytic capacitance C4. This ser-
ies-connected combination is shunted by an clectro-
lytic capacitance CS§, and the junction of resistance R6
and capacitance C4 is connected to the amplifier input
1 through a resistance R4. The amplifier output 3 is
also connected through an electrolytic capucitance C6
to a terminal P17.

FIG. 2 shows part of a sccond printed circuit board,
a terminal P12 on which is connected to terminal P17
of the board shown in FIG. 1.

Terminal P12 is connected through a resistance R10
to the base of a first NPN transistor VT1 whose emitter
is connected to ground. The collector of this transistor
is connected to the positive rail A through a resistance
R12, and to the transistor base through a resistance
R11. The collector of trunsistor VT1 is further con-
nected through a resistance R13 to the base of a first
PNP transistor VT2 whose emitter is connected to the
positive rail A. The base of this transistor VT2 is con-
nected to the positive rail A through a capacitance C9.
Its collector is connected through a resistance R14 to
the base of transistor VT1 and through a resistance

R1S to the anode of a light-emitting diode ILPI whose 2

cathode is connected to ground through a preset vari-
able resistance VR16. The cathode of diode ILP1 is
connected to the anode of a diode D6 whose cathode
is connected to a terminal P11 of the board and is also
connected to ground through diodes D3, D4, DS and
D16 connected in scries and in the same direction of
current flow, the anode of diode D3 being connected
to the cathode of diode D6 and the cathode of diode
D16 being connected to ground.

The variable tap of the resistance VR16 is connected
through a capucitance C10 to the base of a second
NPN transistor VT3 whose cmitter is connected to
ground through an electrolytic capacitance C11. The
collector VT3 is connected to the positive rail A.

The emitter VT3 is also connected to the anode of a
diode D7 whose cathod is connected to the base VT3,
Diodc D7 is shunted by a resistance R17.

The emitter of transistor VT3 is connected through
a resistance R18 to the unode of a diode D8 whose
cathode is connected to the collector of an NPN trun-
sistor VT11. The emitter of transistor VTI1 is con-
nected to ground.

The cmitter of transistor VT3 is also connected
through a resistance R19 to the base of a NPN transis-
tor VT4 whose cmitter is connected to ground and
whose collector is connected to the positive rail A
through a resistunce R21. The base of transistor VT4
is connected to ground through a resistance R20
shunted by a capacitance C12.

The collector of transistor VT4 is also connected
through a resistance R22 to the base of a PNP transis-
tor VTS whose emitter is connected to the positive rail
A. The base VT3 is connected to rail A through a ca-
pacitance C13. The collector of transistor VT35 is con-
nected through a resistance R24 to the cathode of a
zener diode ZD17 whose anode is connected to
ground. The cathode of zener diode ZD17 is connected
to the base of transistor VT11 through a resistance
R39. It is also connected through a resistance R23 to
the base of transistor VT4.

FIG. 3 shows the remainder of the printed circuit
board of which part is shown in FIG. 2.
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Referring to FIG. 3, the anode of a diode D9 is con-
nected to the cathode of the zener diode ZD17 (FIG.
2), as indicated by the arrows B in FIGS. 2 and 3.

The cathode of diode D9 is connected to ground
through an electrolytic capacitance C14 shunted by the
series-connected combination of a resistance R26 and
a variable resistance VR27 whose variable tap is con-
nected to ground. The cathode of diode D9 is also con-
nected through a resistance R25 to the base of an NPN
transistoor VT6 whose emitter is connected to ground
and whose collector is connected to the positive rail A
through a resistance R33. The collector VT6 is also
connected to the base of an NPN transistor VT8 whose
cmitter is connected to the anode of a diode D13 whose
cathode is connected to ground. The collector of tran-
sistor VT8 is connected to the positive rail A through
a resistance R32 and also to a terminal P3. It is further
connected through a capacitance C23 to the collector
of an NPN transistor VT7 whose collector is connected
to the positive rail A through a resistance R31. The
base of transistor VT7 is connected to the positive rail
A through a resistance R30. The base of this transistor
VT7 is also connected through an electrolytic capaci-
tance C16 to the collector of transistor VT8, and the
collector is connected to the base of transistor VT8
through an clectrolytic capacitance C15. The collector
is further connected to the anode of a diode D10 whose
cathode is connected to the anode of a diode D11
whose cathode is connected to ground through a series-
connected combination of resistances R28 and R29.
The junction of resistances R28 and R29 is connected
to the gate electrode of a controlled rectifier SCR1
whose cathode is connected to ground and whose
anode is connected to a terminal P2,

The collector of transistor VT8 is connected through
a resistance R34 to the base of an NPN transistor VT9
whose emitter is connected to ground. The collector of
this transistor VT9 is connected to the positive rail A
through a resistance R35 and also to a terminal P18.

An NPN transistor VT 10 has its emitter connected to
a terminal P10 and its collector connected to a terminal
P5. The collector is further connected to the base
through a resistance R37, the base being connected to
the cathode of a zener diode ZD15 whose anode is con-
nccted to ground. The zener diode ZD1S is shunted by
an electrolytic capacitance C19,

A terminal P4 is connected to the positive rail A
through a resistance R36 and also to a first fixed
contact 1 of a first section SIA of a two-pole three-
position switch. The second and third fixed contacts of
switch section S1A are unconnected and the movable
contact is connected to the positive rail A, as is the
movable contact of the other switch section S1B. Fixed
contacts 1 and 3 of switch section S1B arc connected
together to a terminal P22. The fixed contact 2 of
switched section S1B is left unconnected.

Between terminals P3 and P4 is connected an audible
alarm LS1, consisting of an oscillator and loudspeaker.
The alarm LS1 is shunted by a capacitance C24.

Between terminals P1 and P2 is connected the series-
connected combination of an alarm indicator lamp
ILP2 and an alarm indicator reset button PB1.

Terminal P10 is connected to one side of the reso-
nant cavity and Gunn diode assembly GD14 of the
transmitter aerial. The other terminal of the cavity and
Gunn diode are grounded. The cavity and Gunn diode
are shunted by capacitances C17 and C18.
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Terminal P7 is connected to a common ground point
for the circuitry mounted on the boards of FIGS. 2 and
3, terminal P15 in FIG. 1 being also connected to this
grounding point.

Terminals PS5 and P22 arc respectively connected to
a smoothed and an unsmoothed power supply (not
shown).

By way of example, terminal PS may be connected to
P22 through a low-valuc resistance the opposite ends
of which are connected to ground through respective
high-value capacitances. Terminal P22 would be con-
nected through a suitable resistance to the positive ter-
minal of a bridge rectifier, the ncgative terminal of
which would be grounded and the input terminals of
which would be connected to respective terminals of
the printed circuit board for connection to the secon-
dary winding of a main transformer. A main indicator
lamp may be provided, connected in series with a resis-
tance across the primary transformer winding, and the
live connection to the transformer primary winding
may be fused.

Terminals P11 and P 18 are connected to a socket for
an external alarm, which will shortly be described with
reference to FIG. 4.

Terminals P13 and PS5 are connected together. Ter-
minals P17 and P12 are connected together.

Referring to FIG. 4, the external alarm has terminals
X and Y for connection to a plug for insertion in the
socket connected to terminals P11 and P18. To termi-
nal X arc connected the anode of a diode D100 and the
cathode of a diode D101. The cathode of diode D100
is connected to terminal Y through an audible alarm
LS2, suitably identical to the alarm LS1 of FIG. 3,
shunted by a capacitance C100.

The anode of diode D101 is connected to the cath-
ode of a light-emitting diode ILP2 whose anode is con-
nected to terminal Y.

The overall opcration of the system will now be de-
scribed with reference to FIGS. § and 6, of which FIG.
5 is a block diagram of the system and FIG. 6 is a wave-
form diagram rclated to FIG. 5.

Referring to F1G. 5, the transmitting and receiving
antennas, TX and RX respectively are shown coupled
to the Gunn diode cavity assembly GD14 and the am-
plificr Al respectively. The output of the amplifier Al
is connected to the Schmidt trigger formed by transis-
tors VT1 and VT2, whose output is connected to the
pump circuit formed by the transistor VT3 and capaci-
tance C11.

The voltage monitored at point A in FIG. 5 is the out-
put voltage of the umplifier A1, while that monitored
at point B is the voltage across the capacitance C11.

The output of the pump circuit is connected to the
Schmidt trigger comprising transistors VT4 and VTS,
the output voltage of which is monitored at point C.
The output of the second Schmidt trigger is also ap-
plied through an inverter A, formed by transistor
VT11, to the reset input of the pump circuit.

The second Schmidt trigger output is applied to the
input of a timer consisting of capacitance C14 and the
associated circuitry, the delay control resistance being
variable resistance VR27. The voltage at the output of
the timer is monitored at point D, and is applied
through an inverter B to the audio alarm generator
LS1.

The waveforms observed at points A to D are shown
in the correspondingly referenced lines in FIG. 6.
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The amplifier has a frequency response centered in
the region of 1 Hz, having roll-off points at 0.3 Hz and
3 Hz. It has been found that normal extraneous move-
ment in the close vicinity of the monitor produces sig-
nals in the frequence range of 5 to 100 Hz, with occa-
sional signals in the | to 5 Hz region.

These frequencies are typically caused when a move-
ment relative to the monitor changes direction, so pro-
ducing a frequency range with a dip in the region of |
to 5 Hz. This will result in a single output cycle from the
first Schmidt trigger.

Normally natural human movement around a patient
under observation will produce spurious responses at a
rate of some | every 5 seconds in the worst case.

Waveform A is the umplifier output typical of normal
respiration at a rate of 30 breathes per minute. Respira-
tion at rates of between 10 and 150 breaths per minute
will produce the waveform B at the output of the pump
circuit.

The second Schmidt trigger will trigger at a predeter-
mined voltage which is reached by successive steps
from thc pump circuit. By varying the pulse or step
height, the number of pulses required to rcach the trig-
ger level can be varied, but typically the pulse height is
set to allow three pulses before the sccond Schmidt
trigger is fired.

It is thus seen from the left-hand portion of FIG. 6,
that during uninterrupted respiration an output pulse is
produced by the sccond Schmidt trigger for every three
cycles of the respiration waveform A.

When the second Schmidt trigger is fired the voltage
at the output of the pump circuit is discharged to near
ground potential by means of the inverter A. A further
three pulses can then be accepted before the trigger is
re-fired.

The right-hand portion of waveform B shows a cessa-
tion of respiration after some § breath cycles. In this
period two spurious respiration pulses are shown, but
it will be observed from waveform B that these do not
result in firing the second Schmidt trigger.

Waveform D shows how the timer output is reset on
the occurrence of each output pulse from the second
Schmidt trigger. On cessation of breathing, however,
when firing of the Schmidt trigger ceases, the timer out-
put voltage drops to zero, the time for this being adjust-
able by means of the delay control VR27.

When the timer output reaches zero, the inverter B
(transistor VT6) no longer inhibits operation of the
auidble alarm LS1, which provides the appropriate
alarm signal.

Referring again to FIGS. 1 to 3, the diode D1 pro-
duces a signal corresponding to movements of the chest
cavity and disphragm of the patient. The amplifier Al
produces a substantially sine-wave output within the
frequency range 0.3 Hz to 3 Hz.

The amplifier output is passed to a Schmidt trigger
consisting of transistors VT1 and VT2 providing drive
for the light-emitting diodes ILP1 and ILP2. Drive is
also provided to capacitance C10 which couples the
pulsed amplifier output to the pump transistor VT3, the
capacitance C11 forming a reservoir.

Transistors VT4 and VTS form a second Schmidt
trigger with a wide input differential. When the charge
on capacitance C11 reaches a predetermined level,
after three pulses from the pumped transistor, for ex-
ample, the Schmidt trigger changes state to provide
drive to the timer reservoir capacitance C14 and tran-
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sistor VT11. This discharges capacitance C11 to a low
level whereupon the Schmidt trigger returns to its origi-
nal “off” state.

If resistance VRI16 is set to give a pulse height which
results in three cycles before Schmidt trigger is fired, it
follows that capacitance C14 would be re-charged
every three pulses. Resistance VR27 controls the dis-
charge rate of capacitance C14 and therefore vuries the
time delay between cessation of breathing and the pro-
vision of an alarm.

Transistor VT6 is a clamp transistor which inhibits
free-running of the multivibrator formed by transistors
VT7 and VT8. This multivibrator has a free-running
rate in the region of 50 to 100 cycles per minute and
is used to drive the audible alarm LS1.

The controlled rectifier SCR1 drives a visuul alarm
indicator and is tniggered by the first cycle of the multi-
vibrator. Transistor VT9 forms a buffer amplifier which
is used to drive the external audible alarm unit (FIG.
4).

Transistor VT10 and the associated components pro-
vide a smoothed DC power supply to the Gunn diode
cavity GD14,

The switch S1 provides a standby facility by remov-
ing power from the alarm circuit while maintaining
power to the microwave transmitter and receiver cir-
cuits, so avoiding delay due to the churging of capuci-
tances C1, C3 and C4, which have long time constants
due to the frequency response of the system.

During normal operation clamp transistor VT6 holds
the base of transistor VT8 at ground potential. so that
transistor VT9 will be fully conducting and its collec-
tor, und therefore onc output terminal of the external
alarm socket, will be at ground potential. The other
socket terminal will have a voltage on it varying be-
tween zero and some 2.8 volts, at the patient respira-
tion rate. If this is applied in the correct sense to the ex-
ternal alarm unit (FIG. 4), the light-emitting diode
ILP2 can glow. When an alarm condition exists transis-
tor VT9 will have a voltage on it varying between zero
and 13 volts. This will cause a reverse potential to ap-
pear at the remote alarm unit, thus activating the audi-
ble alarm LS2 and extinguishing the light-emitting
diode 1LP2.

I claim:

1. Movement monitoring apparatus comprising:

a. microwave radar means providing a limited move-

ment-sensitive field of microwave radiation;

b. monitor circuit means monitoring disturbances of
said field and providing at its output a pulsed signal
indicative of the degree of field disturbance;

c. rescttable aggregating circuit means coupled to the
output of said monitor circuit means to aggregate
said pulsed signal to provide at its output a signal
voltage the level of which is indicative of said de-
grec of field disturbance;

d. threshold circuit means defining a predetermined
threshold voltage and coupled to the output of said
aggregating circuil means to receive said signal
voltage:

e. trigger circuit means to said threshold circuit
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means to be activated thereby when said signal
voltage reaches said predetermined threshold volt-
age;

f. resetting circuit means coupled to the output of
said trigger circuit means and to said aggregating
circuit means to re-set said aggregating circuit
means when said trigger circuit means is activated;

g. resettable delay circuit means coupled to the out-
put of said trigger circuit means and providing a
predetermined delay between the appearance at its
input of an input signal caused by activation of said
trigger circuit means and the appearance at its out-
put of a pre-determined output signal level, activa-
tion of said trigger circuit means re-setting said
delay circuit means to re-start said pre-determined
delay; and

h. alarm circuit means connected to the output of
said delay circuit means and activated by said pre-
determincd output signal level thereof,

said predetermined threshold voltage and said prede-
termined output signal level of said delay circuit
means being so selected in relation to the fre-
quency of said pulsed output signal of said monitor
circuit means that said delay circuit means is re-
peatedly re-set by the output of said trigger circuit
means so long as there is a predetermined degree
of movement in the movement-sensitive field and
is not re-set after the degree of movement falls
below said predetermined degree until there is gen-
erated a sufficient number of cycles of said pulsed
output signal of said monitor circuit means to pro-
vide ut the output of said aggregating circuit means
a signal voltage sufficient to cause activation of
said trigger circuit means.

2. A system as set forth in claim 1, in which said ag-
gregating circuit means includes a reservoir capaci-
tance charged via a transistor.

3. A system as sct forth in claim 1, in which said trig-
ger circuit means is a Schmidt trigger.

4. A system as set forth in claim 1, in which said re-
sctting circuit means includes an inverter.

5. A system as set forth in claim 1, in which said
alarm circuit means is connected to the output of said
delay circuit means through an inverter which inhibits
operation of said alarm circuit means while the output
signal leve! of said delay circuit means exceceds said
predetermined value.

6. A system as set forth in claim 1, in which said radar
means provides at its output Doppler frequencys signal
indicative of movements in the movement-sensitive
field and in which said monitor circuit means includes
a frequency-selective amplifier for said Doppler fre-
quency signals, having a narrow pass-band centered on
a frequency corresponding to a particular class of
movement to be monitored, and further trigger circuit
means connected to the output of said amplifier and
providing at its output said pulsed output signal of said
monitor circuit means.

7. A system as set forth in claim 6, in which said fur-

ther trigger circuit means is a Schmidt trigger.
* ok ok k%



