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[57] ABSTRACT 
A respiration monitor comprising a sensing unit which 
senses the expansion and contraction of the chest, ab 
domen, side or back; and through the electrical system 
sounds an alarm if this motion ceases. The respiration 
motion is changed to an electrical signal in the trans 
ducer. Two points on the skin surface are selected as 
reference points and the relative motion of the two 
points is monitored by a light modulation method. A 
small transducer is mounted on the skin at the ?rst 
reference point. A thin and ?exible modulation reed 
which conforms to the curvature of the body is 
mounted at the second reference point, and extends 
through a slot in the transducer. The relative motion 
of the modulation reed with reference to the trans 
ducer causes the light intensity impinging on a sensor 
to change thereby changing the sensor’s resistance and 
whenever light modulation stops, the electronic cir 
cuitry produces a visual or audial alarm and the pa 
tient is attended. 

9 Claims, 12 Drawing Figures 
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RESPIRATION MONITOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
Medical monitoring methods and devices and espe 

cially respiration monitoring apparatus. US. Class 128 
Subclass 2.05 or International Class A61b5/02. Trans 
ducer montioring devices for sensing physiological 
changes: Class 310 subclass 8.5; Class 338 Subclass 47. 

2. Description of the Prior Art 
The following patents are noted: 

3,268,845 2,829,637 2,854,968 3,508,235 
3,258,009 2,699,465 3,325,799 3,082,414 
3,154,066 3,387,149 ‘1,619,005 3,483,861 
3,097,639 3,348,535 1,282,908 2,848,992 
3,090,377 3,513,832 2,452,799 7 3,442,263 
3,313,803 2,828,734 2,368,207 3,474,526 
3,163,856 2,702,354 1,619,886 

As disclosed by the above noted prior art there are 
many respiration monitors published and some of 
which are currently available. These include respira 
tion and movement transducers disclosed in US. Pat. 
No. 3,268,845. The ones that are at all suitable for pre 
mature infants and the like are primarily designed for 
use on premature infants who are subject to sudden in 
explicable cessation of respiration (apnea attack). 
These attacks generally occur without any warning. 
Others of these respiration monitors are designed for 
use in the intensive care units of hospitals and most of 
these require the bonding of electrodes to the body 
which is a source of numerous problems because the 
conductive jelly irritates the skin and those that do not 
utilize conductive jelly are bulky and taped in place or 
are not sensitive enough to monitor small prematures 
and slight changes. All of these devices are very com 
plex electronically and consequently the costs are cor 
respondingly high. Also, many of these include prob 
lems of AC current grounding and leakage and electro 
motive force dropping across the patient. To summa 
rize the situation, the currently available monitors are 
so complex that the expense precludes their use in 
many instances where they are required and needed. 
Most hospitals can only afford a few units whereas the 
need for these monitors is many times this number. The 
present invention solves the problems of cost by means 
of an inexpensive respiratory monitor which is simple 
to operate but at the same time is rugged, reliable and 
more sensitive than previous models thereby solving 
the problem of sensitivity but without the use of con 
ductive jellies and bulkiness. The present unit is so in 
expensive and simple to operate that it can be used by 
non-medically trained personnel therebyvsolving the 
problem of complex electronics and the use of elec 
tronically trained technicians. The electronics in the 
present system isso simple and dependable as to pro 
vide a very low current drain feasible for use with a dry 
or wet cell battery for power, eliminating the possibility 
of electrical shocks and the failure of the unit from loss 
of outside power and the more complex arrangement 
of standby battery power to take over in the case of AC 
failure. The problem of patient contact is solved by the 
present invention through the use of a universal trans 
ducerv which does not have to‘ come in direct contact 
with the subject in order‘ to measure respiration or 
movement. The transducer can be attached to the pa 
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tient in a variety-of ways and placed in a variety of posi 
tions on the body. Therefore, the present invention un 
like the prior art devices provides a novel means of at 
taching a transducer to the patient so as to minimize 
discomfort, false signals, ease of application and reli 
ability. 

SUMMARY OF THE INVENTION 

The present unit comprises the respiratory move 
ment sensing apparatus, which comprises alight modu 
lation transducer and modulation reed and the means 
of attaching said transducer and reed to the patient via 
a small rubber belt or adhesive pad, and an electronic 
unit which monitors the transducer signal and gives a 
light and audible alarm when respiration ceases for an 
adjustable time} ranging from 6 to 30 seconds. 
Other and further objects and advantages of this in 

vention will be apparent from reading the description 
of the preferred embodiment in conjunction with the 
drawings as follows: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an infant with the reed 
and transducer unit mounted across the chest and ab 
domen and with a portion of a typical incubator shown 
in dotted lines. The electronics unit is also shown. 
FIG. 2 is a cross-sectional view taken on line 2-—2 of 

FIGS of the direct modulation method of sensing re 
spiratory movement whereby the light source shines 
through the modulation reed onto the sensor. 
FIG. 3 is an alternate indirect modulation method 

whereby ‘light is re?ected from a surface behind the 
reed onto the sensor. 
FIG. 4 is a perspective view of a portion of the belt. 

FIG. 5 is a top plan view of the belt shown in FIG. 4 
with the transducer and modulation reed mounted 
thereon. _ - 

FIG. 6 is a perspective view of a detail of the adhesive 
disposable used as an alternative meansvof mounting 
the transducer and reed. 
FIG. 7 is a top plan view of the transducer and reed 

attached with the adhesive disposable pads. 
FIG. 8 is a side elevation view of the transducer and 

light sensing housing with the belt shown in dotted 
lines. 
FIG. 9 is a cross-sectional view of another modula 

tion'reed. , 

FIG. 10 is a schematic circuit diagram of the sensing 
electronics system. 
FIG. 11 is a diagrammatic view of the sensing unit 

mounted‘ longitudinally on the upper abdomen and 
chest. 

~ FIG. 12 is a diagrammatic view with the sensing unit 
mounted transversely on the abdomen. 

BRIEF DESCRIPTION OF, THE ’ PREFERRED 
EMBODIMENT 

The motion sensing unit is mounted on the back, 
front or side of the patient as shown in FIGS. 11 and 12 
and is comprised of the modulation reed 46 and grid 60 
and the transducer 14. The internal details of the trans 
ducer are shown in FIGS. 2 and 3.v The transducer 
housing 16 to which is attached anielectrical wire 18 
leading to the transducer is shown in FIG-8. The hous 
ing 16 contains the light sensor 20 which converts light 
energy to electrical energy, which is well known in the 
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art, and is activated by means of a small focused light 
source 22, which is also mounted in the housing 16. 
The relative motion of two points on the skin surface 
is monitored by a unique light modulation technique. 
The relative motion of the grid 60 on the modulation 
reed 46 in the transducer slot 28 causes the light inten 
sity impinging on the sensor to change thus changing 
the sensors resistance (resistor) or turning it on and off 
(transistor). This can be accomplished either by a di 
rect modulation technique whereby the light is shined 
through the reed onto the sensor (FIG. 2) or by an indi 
rect modulation technique whereby light is re?ected 
from a surface behind the reed (FIG. 3). The sensitivity 
of the transducer can be adjusted by changing the 
width of the modulation bars (grid) on the reed and the 
width of the sensor aperature and by changing the in 
tensity and type of light source and the type of sensor. 

As shown in FIGS. 4 and 5, the mounting belt 30 
comprises a pair of pockets 40 in which are mounted 
the transducer 14 and modulation reed 46. The trans 
ducer is mounted by means of-a tongue formed by the 
bottom portion 26 of the housing 16, and the reed is 
mounted by means of a slotted tongue 44 on the reed 
arrangement 46. The reed 46 includes an elongated 
connection member 48 which contains the modulation 
medium or grid 60. The motion sensing unit can also be 
mounted by adhesive mounting pads 52. which have 
pockets 40' for mounting the transducer or reed. 
The grid 60 of the modulation reed can either be per 

forated to allow the passage of light, or be a clear plas 
tic with an opaque set of bars or circular discs. The 
reed'material must be thin and ?exible to allow it to 
conform to the curvature of the body between the 
transducer and the reed mounting point without caus 
ing excess friction in the slot 28 on the transducer. 
The transducer housing 16 and the reed 46 are at 

tached to the patient by the belt 30 but they also may 
be attached by means of disposable adhesive (FIG. 6) 
or any other suitable method which allows the reed 46 
to move relative to the slot in the transducer as respira 
tion occurs. The transducer housing 16 and reed 46 are 
preferably placed in the position where the relative mo 
tion between the two attachment points is at least 0.5 
mm so that the transducer will translate the signal. If 
the transducer housing 16 and reed 46 are attached 
with the disposable adhesive, there are many positions 
and alignments of the body which will provide for satis 
factory monitoring even on the smallest premature in 
fant with very shallow breathing pattern. Some infants 
have most respiratory motion occurring between the 
upper abdomen 54 and the lower rib cage 56. In this 
case, the transducer housing 16 and reed 46 can best 
be mounted so that the reed 46 is aligned with the 
length of the body (SeeFIG. 11). The transducer hous 
ing 16 is mounted on the upper abdomen 54 above the 
navel 58 and the reed is attached to the chest ‘56 above 
the transducer. Other infants have more motion occur 
ring from the expansion of the diameter of the abdo 
men 54 and in this case the transducer housing 16‘ and 
reed 46 should be mounted from left to right and per 
pendicular to the actions of the body on the upper ab 
domen 54 as shown in FIG. 12. If the rubber belt 30 is 
used, it can be placed around the abdomen 54 either 
above or below the navel 58. The transducer housing 
16 and reed 46 can be placed either on the abdomen 
or back of the patient. ' v 
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The alignment of the reed 46 and the transducer 

housing 16 is not so critical due to the shape of the reed 
slot 44 shown in FIG. 9. The “hourglass" shape allows 
misalignments of up to 30° before the reed 46 binds in 
the slot. The reed 46 is only wide enough to cover'the 
sensor aperture while in contact with one wall of the 
aperture. The sensor aperture 24 is square to increase 
sensitivity. - 

DESCRIPTION OF THE ELECTRONIC CIRCUIT 
FIG. 10 (Example) 

Basically the circuit disclosed in FIG. 10 detects 
modulated light from the transducer to the circuit and 
includes resistors R1 through R 17; transistors 01 thru 
Q7; capacitors Cl and C2; switch S1. When light mod 
ulation ceases for a period of 6 to 30 seconds (adjust 
ment is made by changing the value of R11) an alarm 
B is sounded. Changes in light intensity are detected by 
the photoresistor PR as shown or by any other suitable 
device such as a photo-transistor or photo-darlington. 
These light changes result in a voltage change across 
resistor R2. The FET (abbreviation for unipoler ?eld 
effect transistor) Q1 provides the needed impedance 
conversion between R2 and the input Q2. However, the 
signal from R2 is not ampli?ed vby Q1. The capacitor 
C1 isolates the DC. voltage bias to the input of 02. R5 
serves as a sensitivity adjustment. The transistors Q2 
and Q3 operate as a unit to provide high ampli?cation. 
In fact, in this application transistors 02 and Q3 satu 
rate at approximately 4.5 volts in the presence of the 
input signal across R5. Therefore, the voltage from the 
input side of R10 to ground is either 0 volts in the ab 
sence of light modulation or 4.5 volts when light is 
being modulated. 04 operates as a switch, which is on 
when the voltage across R10 is high. When O4 is turned 
on, a charging current is supplied to the capacitor C2. 
The voltage across C2 increases turning on transistor 
06, this lowers the voltage at the input of R15 and 
turns off Q7. In this state the audio alarm B is silent. 
However, when light modulation stops, the voltage 
across C2 decreases slowly providing a time ‘delay con 
trolled by R11. When C2 is discharged the voltage at 
the input of O7 is high and Q7 conducts thereby turn 
ing on the audio alarrnB. 
The indicatorlight L provides a visual indication as 

to the state of the system. This light L is controlled by 
a darlington transistor pair Q5. When switch S1 is 
placed in the test position the indicator light L burns 
intermittently or constantly depending on the respira 
tionrate when the transducer T is being modulated, 
i.e., a normal condition exists. However, when the 
switch S1 is switched in the ON, the light L is turned 
off and only burns when the audio alarm is sounding, 
i.e., respiration, ceases. . ' 

The LED. (light emitting diode) CRI is located re 
motely in the transducer T, and provides the light 
source for the photo-resistor PR which is also remotely 
located in the transducer vT. _ 
This device is inherently fail-safe to the discharge of 

the battery. As the supply voltage decreases, the system 
sensitivity decreases. When the sensitivity has de 

creased suf?ciently the system will react, as if a patient 
respiration failure had occurred and the audio alann B 
will be sounded. Low battery voltage may then be veri 
?ed by ‘observing the battery level indicator also. 
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SUMMARY OF OPERATION OF DEVICE 

The rhythmic breathing of the patient causes the 
static or passive condition of the system, that is, as long 
as the light from the light emitting diode L.E.D. is bro 
ken regularly and rhymically by the “shutter” 32 of the 
reed 46, the voltage changes occur across the photo 
resistor and these changes are ampli?ed and utlilized to 
keep the alarm clock deactivated. When breathing 
stops for a period of time (e.g. 6 to 30 seconds) the 
change in the intensity light impinging on PR ceases 
and the Alarm B is sounded after the preset time delay. 

While I have shown and described a preferred em~ 
bodiment of my invention with suggested modi?ca 
tions, this is by way of illustration only and does not 
constitute any sort of restriction thereon, since there 
are various alterations, changes, deviations, departures, 
omissions, additions, and variations which may be 
made in the disclosed invention without departing 
therefrom as determined only by reference to a proper 
construction of the appended claims. 
What is claimed is: 
1. In a respiration monitor for use on a person includ 

ing application to an infant to monitor breathing: 
a. a respiration sensing unit for mounting on the per 
son being monitored, said unit being mounted on 
a portion of the person which normally expands 
and contracts-during breating, whereby said unit 
may respond to said motion or lack of motion and 
the effect thereof, 

b. a source of light and a light sensitive component 
for receiving light from said source mounted at one 
place on said persons portion, 

c. a means for modifying the intensity of said re 
ceived light comprising a movable light interrupt 
ing member mounted on said person at a second 
place on said persons portion spaced from said one 
place and extending therefrom to between the light 
path from the light source and said light sensitive 
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element so as to be moved by the normal breathing 
of the person to establish a normal movement of 
the light modifying means with respect to the light 
responsive element, 

d. a transducer and an electrical circuit including the 
transducer and the light responsive element, said 
circuit being established electrically as normal in 
response to the normal movement of the light mod 
ifying means with respect to the light responsive el 
ement, 

e. and means for operating an alarm means in saidv 
electric circuit upon change in said normal breat 
ing which is sensed by the change in the received 
light from said modifying means and the change in 
the transducer and electrical circuit to indicate the 
change in pattern of normal breathing. 

2. The device in claim 1: said light modifying member 
being a reed-like member having one end attached to 
the person and the other end moving to interrupt the 
light. 

3. The device in claim 1: wherein said circuit includes 
electrical means for responding to a change in voltage 
caused by the change in light on the light responsive el 
ement and means for delaying for a period of time be 
fore actuating the alarm whereby temporary pauses 
with resumption of normal breathing do not actuate the 
alarm. 

4. The device in claim 1 wherein said light sensitive 
component is a photo-resistor. 

5. The device in claim 1, wherein: said light is a light 
emitting diode. 

6. The device is claim 1 wherein said light sensitive 
component as a photo-transistor. 

7. The device in claim 1 wherein said light sensitive 
component is a photo-darlington unit. 

8. The device in claim 1 wherein said light is a mina 
ture incandescent lamp. 

9. The device in claim 1 wherein said light is a ?ber 
optic light source. 

* * * * * 


