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RESPIRATION MONITORING SYSTEM_AND METHOD

CROSS-REFERENCESTO RELATED APPLICATIONS

This PCT Application is a PCX Counter-Part of U.S. Patent Application Serial #
13/553,070, filed at the U.S. Patent & Trademark Office on 19 July 2012 which is a
Continuation-in-Part of Serial #12/759,788, filed at the U.S. Patent and Trademark Office
on 14 April 2010, which isbased upon Provisional Application Serial #61/170,594. filed
on 17 April 20009.

FIELD OF THE INVENTION

This invention relates to systems and methods associated with monitoring the
respiration of a subject or patient. Iz particular, this invention relates to a respiration
monitoring system and method for monitoring the respiration of a subject and providing
displays and aarms when respiration parameters of the subject deviate from
predetermined thresholds.

Further, this invention relates to arespiration monitoring system and method that
provides for the measurement of a subject's breathing parameters substantially
independent of the influence of conditions within the external environment.

Stiil further, this invention pertains to arespiration monitoring system and method
that is adaptable to measure respiration parameters within or external to an enclosed area
mounted over the nose and/or mouth of apatient in the nature of amask.

This invention relates to arespiration monitoring system and method based upon

the concept of maintaining a preset temperature of a thermoelectric generator or cooler
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within or external a mask chamber that is independent of external environment
temperatures.

This invention pertains to a respiration monitoring system and method to provide
a substantially portable monitoring system that is particularly adaptable for use on-site
where a patient's trauma rnay have occurred and prior to having the patient brought to a
hospital setting (as in a field trauma, ambulance or battleground), in procedures
performed in medical or dental offices and under extreme conditions (in a mine,
underwater, in afire) where it is not possible to maintain verba contact with the subject
in difficulty.

This invention relates to a respiration monitoring system and method which
includes a thermoelectric generator mounted within or external a mask enclosure and
which is coupled to a feedback error signal processor and compensating power controller

in afeedback loop for driving the thermoelectric generator to a preset temperature.
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BACKGROUND OF THE INVENTION

Brain damage and/or death of a subject are direct consequences of prolonged
apnea (absence of respiration), particularly when combined with hypoxia. Diagnosing
apnea and hypoventilation (areduction in breathing rate) are of particular concern when a
patient is sedated, or when their breathing fails during sleep (as in obstructive sleep
apnea).

Identifying hypoventilation before apnea occurs by monitoring breathing
frequency and/or breath volume of the patient allows time to intervene to stimulate
breathing, relieve airway obstruction, and restore effective respiration of the subject
before hypoxia occurs. Hypoxic-ischemic brain damage may result from Inadequate or
loss of respiration, which if not reversed early in the development, may lead to brain
damage and possible death. There are numerous human tragedies of such consequences
from afaiiure to adequately monitor respiration.

Generally, respiratory rate can be monitored continnously and non-invasively by
measuring the carbon dioxide partia pressure in the exhaled breath. However, carbon
dioxide measurements do not change directly with breath volustie, only rate. No portable,
disposable and inexpensive carbon dioxide detectors are known in the prior art.

Ventilation may also be measured by examining displacement of the chest and rib
cage using sophisticated monitors found in operating rooms and in sleep laboratories.
However, such monitors are non-transportable, non-portable, cumbersome to use,

generally expensive and are not widely available.
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At the present time, it is not believed that there are aiy devices that provide for
non~invasive/portable/measures of ventilation in patients whose airways are not
instrumented in some way.

Such a monitoring system is needed to detect the presence of breathing, to
measure respiratory rate and to estimate the breathing volume in both patients in hospitals
and others outside hospitals, in doctors™ offices and in ihe community (firemen, miners
and armed forces).

In addition, the limits of performance of such arespiratory monitor must address
its application in trauma which may occur outside healthcare institutions, in deserts, fires
and mines. Hence the device must be effective when applied internal or external to an
enclosure or mask over the patient's face, and when increased or decreased ambient
temperatures are present. Such temperature changes in the local environment could limit
the performance of the monitor for which there must be compensation. Thus, a system is
needed that provides for consistent and reliable monitoring of respiration that is

independent of the ambient temperature.
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PRIOR ART

In sormie prior art patient respiration monitoring systems, such as that provided in
U.S. Patent #5,069,222, respiration monitoring includes the use of thermistors to develop
an electrical signa representative of a patient's breath temperature. However, such prior
art systems do not take into account the effects of the ambient environmental temperature
effects on the electrical signal being developed and may lead to erroneous monitoring
status when the ambient temperature is similar to the breath temperature or where the
ambient temperature is experiencing rapid changes in temperature.

Other prior art systems for monitoring a patient's respiration as exemplified by
U.S. Patent #5,190,048 provides for thermistors to be aligned with the nasal passages of a
patient and mounted in an airflow sensor assembly. However, such prior art systems rely
solely on the signal from the thermistors to monitor the patient's breath temperature.
Such prior art systems do not provide for a feedback loop to drive a thermoelectric
generator to a preset temperature to essentially isolate the monitoring system from
external changing parameters.

Other prior art systems as recited in U.S. Patent #6,165,133 provide for
thermistors to be either inserted or positioned in the vicinity of a patient's nasal passages.
Such systems are devoid of any mechanisms for solving the problem of changing ambient
thermal parameters.

Other prior art respiration monitoring systems as recited in U.S. Patent
#6,272,933 utilize thermistor technology in the mounting system. However, such prior

art systems do not address, nor describe systems and methods directed to the problem of
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rapidly changing environmental parameters nor the problem of obtaining a reliable
respiration signa when the ambieni environment temperature is close to the breath

temperature of the patient.
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This invention is directed to a respiration monitoring System for monitoring the
respiration of a patient. The sensor may be located within a faceraask, nose mask or
simply adjacent to the nostrils of the subject. A first temperature sensor is located within
the sensor and the first temperature sensor is coupled to a thermoelectric generator. The
thermoelectric generator generates a first voltage signal representative of the patient's
respiration temperature, dependent upon a preset temperature and a patient's respiration
temperature during predetermined cycles of the patient's respiration. The thermoelectric
generaior is driven to the preset temperature during predetermined cycles of the patient's
breathing. A feedback error signal processor is connected to the thermoelectric generator
through a compensating power controller where the feedback error signal processor
develops aprocessed electrical signal responsive to the difference in the patient measured
breath and the preset temperature.

The feedback error signal processor operates upon the difference between the
preset temperature and the temperature of the patient's breath for providing asigna to the
compensating power controller that then insérts a predetermined voltage to the
thermoelectric generator to drive the thermoelectric generator to & preset temperature.

An object of the subject Invention isto provide arespiration monitoring System to
monitor the respiration of a subject within a chamber formed by a mask covering the
subject's mouth, nose and/or face or without a chamber adjacent to the mouth or nose.

A further object of the subject invention is to provide a feedback loop from a

thermoelectric generator to drive the thermoelectric generator to a preset temperature
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during the monitoring of the patient's respiration during predetermined cycles of the
subject's breathing.

A further object of the subject system is to provide a respiration monitoring
system that operates substantially independent of varying externa environment
temperatures in order to provide an accurate monitoring of i subject's respiration.

A dtill further object of the subject invention is to provide arespiration monitoring
system that includes a temperature controller processor for obtaining an ambient
condition temperature and calculating a preset temperature followed by an operation on
the preset temperature and the breath temperature of tbe subject to transmit a signal
responsive to the differences.

A further object of the invention isto provide arespiration monitoring system and
method that operates on a temperature difference between the subject's breath and a
preset temperature to provide a shaped and smoothed signal inserted into a power
controller for controlling a signa to a thermoelectric generator, to maintain the
thermoelectric generator at the preset temperature during tbe overall monitoring period.

A dill further object of the invention is to provide a respiration system that
includes a feedback loop including a thermoelectric generator, a temperature controller
processor, and a power controller to drive the temperature of tbe thermoelectric generator

to a preset temperature substantially independent of external parameters.
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BRIEF DESCRIPTION OF THE FIGURES

Fig. 1is an overall perspective view, partially in block formation, showing a
subject with a facemask and the associated elements of the system;

Fig. 2 is a block diagram of the respiration monitoring system for showing the
components of the monitoring system;

Fig. 3isablock diagram of the respiration monitoring system showing a thermal
mass attached in cooperation to athermoelectric generator; and,

Fig. 4 isablock diagram of the method for monitoring the respiration of a subject

showing the feedback loop steps associated with the respiration monitoring systems.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figs. !-4, there is shown respiration monitoring system i for
monitoring the respiration of a subject 12 where the respiration is monitored within an
enclosure 14. The enclosure {4 ay he a mask-like device 14 that essentially covers the
nose and mouth of the patient 12. The mask device or enclosure 14 is fastened to the
patient 12 by flexible straps or some other hastening not important to the invention as
herein described, with the exception that mask 14 be adapted o be held tightly against the
skin of the patient 12 to ensure that most of the subject's breathing passes through
enclosure 14. Alternatively, a temperature sensor 18, to be further described, may be
mounted adjacent the nasal openings of subject 12 |

Respiration monitoring system 10 is ahighly portable system that may be used in
operating rooms, but is especially adapted for use at external sites that do not have the
full capabilities and instrumentation of a hospital operating room for monitoring the
respiration of subject 12. Such systems may be used in differing environments
encountered by medical personnel where system 10 can be easily transported from one
area to another in a short amount of time with minimal effort, or outside heathcare
systems such as by in ambulances, and worn by firemen and miners.

Of particular importance is that respiration monitoring system 10 is adapted to be
used in varying external ambient conditions which may provide for ambient external

temperatures covering z wide temperature range and possibly subject to rapid ambient

temperature changes.
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in overall concept, respiration monitoring system 10 is directed to a respiration
system. which provides for monitoring substantialy independent of the external ambient
temperatures and determines breathing parameters during a subjects breathing cycles that
are highly accurate in determining the status of subject 172.

Respiration monitoring system 10 is configured as a feedback loop represented
within feedback loop block 60 shown in Figs, 2 and 3, which minimizes the possible
effects of external ambient temperature conditions in the respiration monitoring process.
In order to overcome the problem of varying ambient conditions, monitoring system i Is
formed as a feedback loop from mask 14 to feedback error signal processor 98, which
includes temperature controller processor 22 where the overall parameter signals are then
fed back into other operating mechanisms within mask 4.

in an embodiment where no mask {4 is used, temperature sensor ¥ is coupled
directly to thermoelectric generator 16 whereupon a feedback loop is provided for
monitoring system 10 to provide a signal to feedback error signal processor 98 and
compensating power controller 100 which in turn is electrically connected to
thermoelectric generator 16.

In overall concept, a temperature set point or preset temperature (T.;) is calculated
and determined based upon the external ambient temperature and the temperature sensed
by the exhalation of subject 12 within the mask. 14 or temperature sensor 8. Operations
are conducted on the difference betwee: the temperature measured within mask 14 or by
the temperature sensed by temperature sensor 18 and afunction of the temperature of the

external environment. if the temperature of the external environment is relatively close
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to the temperature of the respiration of patient 12, then the difference signal determined
between the temperature measured within enclosure or mask 14 or the area sensed by
temperature sensor 18 and the ambient temperature will be small and possibly shrouded
by noise or other extraneous factors within the calculating process creating a low signal
to noise ratio.

Thus, atemperature set point or preset temperature is calculated as a function of
the ambient external temperature and the previous breath or respiration cycle of subject
12 and the temperature set point is set based upon either a function of the previous
calculations or from a lookup table where the temperature set point can be calculated.
The manner in which the set point is taken and measured may be through any number of
calculations, functions or lookup tables and only important to the invention concept
herein described, in that the difference between the calculation of the temperature set
point is a value where the temperature set point in a particular breathing cycle minus the
temperature sensed within the enclosure 4 or by the temperature sensor 1§ provides a
resulting signal which is easily read and is substantialy free of noise considerations.

Referring now to Figs 1-4, there is shown an embodiment of respiration
monitoring system 10 where enclosure or mask 14 is operatively coupled to subject 12
and encloses the respiratory areas of subjects 12 including both the mouth and/or nose of
the patient 2. During a monitoring procedure, the breath of subject 12 is monitored for
the cycles of inhalation and exhalation.

Thermoelectric generator 16 is positioned within a chamber formed by enclosure

or mask 14 for generating a signa based upon the temperature differential of

HE
~~~~~
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semiconductors comprising thermoelectric generator 16. Thermoelectric generator i16is
positioned within enclosure {4 in a manner whereby the breath of the subject directly
impinges on first temperature sensor } § attached to the thermoelectric generator .

Thermoelectric generator 16 uses the Peltier effect for creating a heat fiux
between the ;unction of two differing types of materials. Essentially, this is a solid-state
active heat pump that transfers heat from one side of the device to the other with
consumption of electrical energy depending on the direction of the current. Such a
Peltier device is a heat pump and when direct current runs through it, heat is transferred
from one side to the other. Thus, such a device may be used for heating/cooling and in
this instance is used as a heat transport mechanism that either heats or cools. Voltage
applied across thermoelectric generator 16 provides a difference in temperature that
builds up between opposing sides. Thermoelectric generator 16 may be formed in many
contours for differing applications and in the present system described is sized to be
mounted within mask 14. Thermoelectric generator i& may be one of many off-the-shelf
commercially available systems that in the subject system 10 is particularly sized to be
adaptable for insertion into the chamber of the mask or enclosure 14 or aternatively to be
located adjacent the nasal passages of subject 12.

As an example, thermoelectric generator or thermoelectric cooler 16 may be a
single stage thermoelectric cooler and may be commercially obtained from TEC
Microsystems GmBH and in particular, may have a Model Number DX351{G OEM 1,
Serial #0171-0172, which has been used in fabrication of respiration monitoring system

FY
HAUN
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Thermistor or first temperature sensor 18 is mounted directly to thermoelectric
generator or thermoelectric cooler 1& through use of some type of standard thermal epoxy
or by other thermally conductive means known to those skilled in the art. The thermistor
or first temperature sensor 18 may be in direct contact with thermoelectric generator ¢ to
produce a first voltage signal or patient respiration electrical signa responsive to the
change in temperature across thermoelectric generator 15 with subject respiration
electrical signal being transmitted to feedback error signal processor 98 on first signal
line 20, Feedback error signal processor 98 includes temperature controller processor 22
and feedback signal processor 30 to be described in following paragraphs.

Second thermistor or second temperature sensor 24 for providing a second voltage
signal on second voltage signal line 26 is mounted externa to enclosure or mask {4 or
sufficiently remote from subject 12 to provide an accurate representation of the ambient
external temperature. Both first and second voltage signals are inserted into temperature
controller processor 22 of feedback error signal processor 98, as is seen in Figs. 1-3.
However, as has previously been indicated, the ambient temperature measured by second
temperature sensor 24 may be relatively close to the temperature measured by first
temperature sensor 18 within mask 14 or near the breathing site of subject 12, The
following paragraphs detail the operation within feedback error signal processor 98 and
temperature controller processor 22 for obtaining a difference signal between the signa
coming in on first signa line 20 and the signa coming in on second signa line 26
relative to the respective temperatures measured by first temperature sensor 18 and

second temperature sensor 24.
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As has been stated it has been hound that the temperature-measured by second
temperature sensor 24 and the temperature measured by first temperature sensor 18 may
be relatively close to each other or the ambient temperature iay change rapidly. This
would have an effect on taking the difference between the signals coming in on line 20
and line 26, since the change in voltage signal would be rather small and may be clouded
by any noise or any other undesired random disturbance of the signal when the ambient
temperature is close to the patient's respiration. When the ambient temperature is
changing rapidly, the difference between the signals coming in on first and second signa
lines 20 and 26 may lead to an erroneous conclusion as to the status of the patient's
respiration parameters.

In order to aleviate this problem, Applicants have found that when the
temperature within enclosure 14 or near the subject's breathing site and the ambient
temperature are fairly close to each other, that the operations on the differences in the
signals from the first temperature sensor 18 and second temperature sensor 24 should be
adjusted to provide for a larger difference signal being operated upon. Thus, Applicant's
respiration system i operates on a temperature set point (Ts.). which is calculated from
either a lookup table or made as a ilmction of the temperature found by first temperature
sensor 18 and second temperature sensor 24 in a breathing cycle. In this manner, the
signal difference between the signal coming into feedback error signal processor 98 and
particularly temperature controller processor 22 and the signal coriing into temperature
controller 22 from second temperature sensor 24 on line 26 is based upon the temperature

of first temperature sensor & and the temperature set point.
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As has been previoudly indicated, both first and second temperature sensors i§
and 24 may be thermistors, however, other types of sensors are commercialy available
and may be used in the practice of the subject system 10. First temperature sensor 18 is
positioned for measuring the temperature of the breath or respiration (T, ) of patient 12.
First temperature sensor i§ is positionally located within enclosure 14 or near the
subject's breathing site with the second temperature sensor 24 being positionally located
in an external location for measuring the external ambient temperature (T,) of the
patient's surroundings. System 1} is configured to find a thermal balance between
thermoelectric generator 1¢ and the preset temperature T... The preset temperature is the
variable set point which may be adjusted to maintain the surface temperature of the
thermoelectric generator 16 at a temperature somewhat in the vicinity of the external
ambient environment, but offset therefrom to provide a sufficient difference in the {T,, -
Te) which will yield a voltage signal from feedback error signal processor 98 of
sufficient value to be clearly operable on.

Thermal balance is achieved through a feedback loop within feedback loop block
60 shown in Figs 2 and 3 where temperature being sensed by thermoelectric generator 1
is transmitted to temperature controller processor 22 and then to feedback signal
processor 30, through power controller 34 and then back to thermoelectric generator 16.
In this manner, the sensing and measurement of the surface temperature of thermoelectric
generator 16 is continuously influenced by the temperature of the breath and is monitored
with respect to the temperature set point where the thermoelectric generator 16 is

continuously driven to the temperature set point calculated.
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in overall concept, feedback error signal processor 98 is coupled to compensating
power controller 100 and thermoelectric generator 16 in a feedback loop for inducing
either cooling or heating. The feedback loop may be set up as an analog proportional
controller or a proportional integrated derivative controller (PID) dependent upon specific
environmental requirements.

The temperature values used to derive the breathing parameters or respiration of
patient 12 are closely related to the preset temperature (T;). which is a value calculated
and generaly dlightly offset from the ambient temperature (T.) in the vicinity of the
temperature monitoring device 10. As the ambient temperature in the vicinity of the
thermoelectric generator 16 changes, the value of the preset temperature (T.) may be
adjusted. However, in some eases where the ambient temperature (T,) is expected to be
substantially different than the breathing gas temperature, the value of a preset
temperature (T ) is derived from measurements of the second temperature sensor 24.

Thermoelectric generator 16 is coupled to first temperature sensor i8 for
generating the first voltage signal on first voltage signal line 20 dependent on the preset
temperature (T,) during predetermined cycles «f the patient's breathing. The patient’s
breathing cycles are determined by the inhalation and exhalation of the patient’s breath.
Thermoelectric generator 16 is configured to be continuously driven to the preset
temperature (T,,) during the patient's inhalation cycle. When the patient exhales, the
patient breathes on the thermal sensor 18§ and thermoelectric generator 16, and induces a
difference in temperature across the thermoelectric generator 16 which is measured by

the first temperature sensor 1%.



WO 2014/018246 PCT/US2013/049511

In this manner, temperature controller processor 22 is programmed to determine a
multiplicity of breathing gas temperatures of patient 12 over a predetermined time
through use of the first signal on line 20 and the second signal passed on line 26 adjusted
to the temperature set point. Temperature controller processor 22 may be programmed to
analyze a multiplicity of breathing gas temperatures and may be programmed to
determine a maximum breathing gas temperature during a cycle T (1), .«. Similarly, a
minimum breathing gas temperature T (t)..: may be calculated. The time intervals may
be the patient's cycle of inhalation/exhalation corresponding to a breathing period.

Where temperature controller processor 22 is used to provide a maximum and
minimum breathing gas temperature during a breathing period, the processor 22 may
calculate the difference between the maximum and minimum breathing temperatures and
a threshold temperature AT, where the threshold AT A represents a difference below
which a problem area may exist in the breathing cycle of patient 2.

in any event, temperature controller processor 22 generates an error voltage
representative of the difference between the preset temperature Ty, and the temperature
measured by first temperature sensor 18 coupled to thermoelectric generator 16.
Essentially temperature controller 22 may be a subtract circuit well known in the prior art
for subtracting the temperature sensed by first temperature sensor 1§ and the temperature
set point which issues ai: intermediate feedback error signal on intermediate feedback
error signal line 28 being transmitted by temperature controller processor 22.

The intermediate feedback error signa is a third signal that is output from

temperature controller processor 22 on third output signa line 28 to be fed into feedback
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signal processor 30. Temperature controller processor 22 includes a processor memory
which may include lookup tables with preset temperature values to provide temperature
set points as a function of the ambient temperature. Ambient temperature value, as well
as biasing temperature values or both values may be used as input criteria to identify a
preset temperature value from the table based upon the input criteria used.

Where the first and second temperature sensors 1§ and 24 are thermistors, the
signal generated by first temperature sensor {§ will be a change in voltage or current
across the thermistor due to the temperature-induced change in the resistance of the
resistor contained in thermistor {&. The plurality of breathing gas temperatures may be
determined over a period of time T(t) so that the temperature at discrete points in time
may be used to determine the maximum breathing gas temperature during some time
interval as previously indicated.

Temperature controller processor 22 may be a proportional integral derivative
controller (PID controller) which calculates an error value as the difference between a
measured process variable and a desired set point. In the subject Application, a
temperature set point may be obtained from a look-up table based upon the second
ambient second temperature sensor 24 and temperature controller processor 22. A
difference between the set point temperature and the temperature voltage signal from first
thermal sensor 1% is calculated to produce intermediate feedback error signa or third
signa output from temperature controller processor 22 on line 28 representative of the

difference between the first input signal and the temperature set point.
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The temperature difference or error signa between the first signa from first
temperature sensor 18 and the preset temperature is fed to feedback signa processor 30
configured to perform error signal shaping through standard filtering and/or wave
shaping for controlling an amount of error signa to be applied to compensating power
controller 100 containing power controller 34. Feedback signal processor 30 permits
specific operating parameters to be calculated for extracting a full temporal respiration
signal without distortion. Such filtering circuits are well-known to those skilled in the
art. An agorithm may be contained within feedback signal processor 30 for adapting its
operation in a forward predicted manner based upon previously measured values.

Signals being transmitted to temperature controller processor 22 are generally
anaog in nature. Within temperature controller processor 22 there is an analog to digital
converter (A/D) which provides for a digital signal to be transmitted on third or
intermediate feedback error signal line 28 to feedback signal processor 30. By its nature
the conversion from analog to digital signals results in spurious signals which are then
smoothed and filtered in feedback signal processor 30.

Alternatively, the analog to digital converter may be within feedback signal
processor 30 and analog signals on third line 28 are processed to digital signals within
feedback signal processor 30. Subsequently, the signals in feedback signal processor 30
are smoothed and filtered and are transmitted to compensating power controller 00,

The breathing status of subject {2 is determined by comparing the variations in
the magnitude of the error signal generated by temperature controller processor 22 that is

smoothed and/or filtered in feedback signal processor 30 during any breathing cycle.
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Dependent upon the ambient temperature sensed by second temperature sensor 24, the
preset temperature to which the subject’s breathing is compared may be amended due to
changes in the ambient temperature. Where there are changes in the ambient
temperature, temperature controller processor 22, using an embedded logic or look-up
reference table may compensate for such changes. The look-up table may be specific for
aparticular type of mask or enclosure 12 possibly being used, the age or size category of
patient 12, or other information for properly assess the breathing status of the subject.

Feedback signal processor 30 is programmed to obtain information from the third
signal passed on line 28 f oy temperature controller processor 22 and may be used to
determine limits on normal respiration for a specific patient. 12. {n one aspect, the
feedback signal processor 30 may be programmed to calculate the breathing rate and the
tidal volume using the third signal output from temperature controller 22 on line 28.

The resulting smoothed and/or filtered signal generated within feedback signa
processor 30 is then output as afourth or processed electrical signal on fourth signal line
32 for input into power controller 34 of compensating power controller 140,

Power controller 34 may be a standard power controller that accepts the processed
electrical signal generated by the components of feedback error signal processor 98.
Power controller 34 is connected to a standard power source i{i2 where an electrical
signal is inserted into power controller 34 on line 104. Power controller 34 generates a
fifth or intermediate compensating signal on line 36 used for maintaining the preset
temperature in the thermoelectric generator 16 during predetermined cycles of the

patient's breathing.
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The intermediate compensating signal is output from power controller 34 and
passes on fifth signal input line 36 to inverter circuit 38 which is used for inverting the
cycle of the signal generated by the first temperature sensor i8. Asthe patient breathes
on thermoelectric generator i, thermoelectric generator {6 generates heat which is
measured by first temperature transistor 18. The first signal is passed on line 20 into
temperature controller processor 22 in combination with the ambient temperature sensed
by second temperature sensor 24. Within temperature controller processor 22, a set point
temperature is calculated from lookup tables based on the temperature differential
between the ambient temperature and temperature measured by first temperature sensor
18,

Responsive to a furth signa input on line 32, power controller 34 will either
generate current to heat or cool thermoelectric generator 16. A signa is output from
inverter 38 on line 40 for either heating/cooling thermoelectric generator 1.

In this manner, a feedback loop is provided between thermoelectric generator 16,
temperature controller processor 22, feedback signal processor 30, power controller 34,
and inverter 38 to provide a continuous updating of the status of the patient’s respiration.

Subsequent to the processed electrical signal being developed in feedback signal
processor 30, the processed electrical signal may be inserted into respiration signal
recovery processor 44 on line 42. Respiration signal recovery processor 44 is a wave
shaping system for readable interpretation of the respiration status of patient 12.
Respiration signal recovery processor 44 may include a shaping agorithm which is based

on look-up tables that have been documented in many clinical studies. Respiration signal
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recovery processor 44 produces a set of respiration based waveforms which wmay be
analyzed for comparing and calculating the patient’s actual respiration status on some
type of display 50 well-known in the art.

Output of the wave shaped packets provided in respiration signal recovery
processor 44 are output on line 46 to display 50 which may include a digital to analog
converter which allows a direct analog output and can be fed to a chart recorder,
computer screen, or some similar readout device for display.

Display 50 may include an alarm, other audio or visua warning device where the
patient's respiration status is published when determined to be below or above a
predetermined value. Archiva storage may be accomplished onboard respiration
recovery processor 44 by using known available memory or storage devices.

Compensating power controller 100 contains both power controller 34 and
inverter circuit 3% although in some instances it is envisioned that both power controller
34 and inverter 38 are part of a single module.

Inverter 38 may be a H-bridge device, which switches the polarity of the power
input to thermoelectric generator 16 to effect heating or cooling. inverter 38 may aso be
a bipolar operational amplifier with an output which swings through zero crossings
without introducing noise which would be typical of a pulse width modulation (PWM)
technique or physically switching the H-bridge polarity.

In the embodiment shown in Fig. 3, thermal siass 52 is mounted to thermoelectric
generator 16 for transporting heat away from thermoelectric generator 16 during

predetermined time intervals of a patient's respiration cycle. Therma mass 52 may be



WO 2014/018246 PCT/US2013/049511

formed of one or more types of thermally conductive compositions such as copper,
aluminum, diamond, gold, and related compositions. In the preferred embodiment, the
thermal mass 52 is contiguously mounted to thermoelectric generator & for providing a
path of least resistance to heat being transported.

Therma mass 52 may essentially be a precisely sized block or fin formed of a
thermally conductive material and provides for a quick heat transport mechanism to
permit a quick recovery of thermoelectric generator to the pre-set temperature during
breathing cycles.

Referring now to Fig. 4, there is shown amethod for monitoring the respiration of
patient 12 within enclosure 4. The overal feedback looping process and method is
initiated in block 54 where patient {2 breathes on thermoelectric generator 16. The first
signal previously referred to is generated and issued by the first temperature sensor 8
and the logic flows on line 56 to block 60 where a temperature set point is calculated
within feedback error signal processor 98, which is inserted into block 60 by second
temperature sensor 24 in block 58. Second temperature sensor 24 measures the ambient
externa temperature of the environment. In block 60, temperature controller processor
22 within feedback error signal processor 98 calculates a temperature set point based
upon the ambient temperature measured in block 58 and the patient's breaih temperature
in block 54. Information then passes on line 62 to block 64 where the temperature
controller processor 22 calculates the difference in the breath temperature sensed in block

54 and the temperature set point calculated in block 60. The difference between the
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breath temperature a:d the set point temperature is passed on line 66 to block 68 where
there is aconversion of the analog signal on line 66 to adigital signal.

Once the analog to digital signal representing the difference between the patient's
breath temperature and the temperature set point is converted, the information passes on
line 70 to block 72 which may be incorporated within feedback signal processor 30 for
smoothing and filtering the digital signal Alternatively, the conversion of the analog to
digital signal represented in block 68 may be a portion of bloek 72 where the analog to
digital signal is converted in feedback signal processor 30.

The smoothed and filtered signal which passes on line 84, is representative of the
fourth signal line 32 previously described. The information passes to power control
block 76, which generates power based upon the difference in the signal exiting block 72.
Power is inserted into H-bridge block 80 on line 78. It is to be understood that block 80
may be incorporated within power control block 76 as part of an overal system. In any
event, the signal is then inserted on line 82 back to the thermoelectric generator 16
represented by block 54 in this Fig. 4.

In this manner, there is provided a method for monitoring the respiration of the
patient 12 in a feedback loop system, which essentialy provides for respiration
parameters which are substantially independent of the external environment.

Returning back to the filtered and smoothed filtered signal in block 72, such is
further inserted into signal recovery block 86 through line 84 for preparation of signal
recovery which may beread. The signal emanating from signal recovery block 86 on line

88 is Inserted into either visua display 90 which may be analogous to the display system



WO 2014/018246 PCT/US2013/049511

so. Additionaly, the recovered signal from on line 88 may be similarly inserted into an
audio readout display as represented by block 92 or in die event that necessary action
must be taken, into an darm block 94, it isto be understood that information blocks 90,
92, and 94 wmay al be incorporated into one standard display system 50, as was
previously described in relation to Figs. 1-3.

The calculations thai are used to derive the breathing properties are closely related
to the set point temperature T,, a value tha is relatively close to the expected
temperature of the vicinity of the thermoelectric generator's 16 temperature but
somewhat different from the expected exhaled breath temperature. As the ambient
temperature in the vicinity of die thermoelectric generator 16 changes, the value of T,
will aso have to be adjusted. In cases where the ambient temperature is expected to be
much different than the exhaled breath temperature its value may be derived from
measurements of a dedicated thermistor. T _ (t) are values that are continuously obtained

from the thermoelectric generator 16. These values are tabulated every predetermined

time At that is much shorter than an expected breathing cycle. Thus, r = A/ where t isthe

time in seconds from the start of the monitoring operation. A typical value of At would be
0.1 sec. The T, (v) values are stored in an array called T . To correct for any possible
"noise" in the data stream a simple smoothing agorithm can be employed, such asthe so-
called Box-Car algorithm, where the value of each reading is averaged with » previous
and n subsequent values, where “n” is asmall number, typically i1-5. The corrected array

iscaled T . (1)
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Since the values of the T . depend on the n earlier and the n later values of T,. itisfilled
at the sanerate asthe T array bat delayed by the time it takes to acquire n+i values.
The maximum values IViaxT,,. (+} and the minimum values MinT .. (X} within a breathing
cycle are derived by an algorithm that searches for maximum and minimum values
respectively within an “m™ previous and consecutive values of Tm (t), where "m" is
typically on the order of 5-14.

Since the values of MaxT _ (1) and Min Ty (1) depend on the "m" earlier and the
V  later values of T.(t) they are derived at the rate that the T...array isfilled but with a
delayed of m+1 values.

The values of MaxT. (x) are stored in aMaxTgy. (2,i) matrix where j=t,k and kis
avery large number. The derived MaxT . (x) values are stored in the MaxT . (1)
locations and the corresponding T in the MaxT . {2J) locations. Similarly the values of
MinT e (x) are being stored in aMmTy,. (2, matrix wherej=i.k and k isa very large
number. The derived MinT . (1) values are stored in the MaxT . (1,}) locations and the
corresponding T values in the MaxT ,:{2,}) locations.

Using the values of MaxT _.and MmT . the breathing rate. which corresponds to
the number of maximum or minimum values per minute, are derived.

The difference between consecutive MaxTq(i,i) and MinT . (1,j) when averaged

over asmall number of cycles, provide an indication on the breathing condition of the



WO 2014/018246 PCT/US2013/049511

subject aswell asan estimate the tidal volume (size of breath). In asystem with adata
display capabilities, the arrays T_. MaxT ., and MinT _. can be displayed on display 50.
I certain embodiments, instead of alookup table, FPGA based devices may be
programmed to operate in several modes. The modes wilt be designed to indicate levels
of breathing thai are considered satisfactory for particular groups of patients. if the
operator (physician, nurse or technician) deems the patient's breathing patterns to be
satisfactory, he/she wiil select the desired operating mode and instruct the device to use
those data as the base line. On the other hand, if the operator (physician, nurse or
technician) deems the patient's breathing patterns to be unsatisfactory, he/she will select
the desired operating mode based on stored data for the patient's age and weight and the
breathing apparatus. (The selection of desired operating mode can be done by a push

button.) A deviation from the baseline by a pre-detemtined amount would sound an

In such adevice, the microprocessor may be programmed to compare the
threshold value for T_.(x) obtained from the reference table with the current calculated
value for T_.(t). If the threshold value exceeds the calculated value, the audible alarm
may be activated in order to alert medical personnel of aproblem. In addition, the
difference between the threshold value and the calculated value may be used by the

microprocessor to determine which combination of the LEDs should be illuminated .

Theinvention can be used to create adevice, which is low cost, portable,

continuous and reliable. Further, the invention can be implemented as a lightweight

i)
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device. Also, asmiall handheld device according to the invention can operate using an
internal battery, as well asan approved wail power adapter. This feature aiows for
temporary transport and operation, as well as extended operation of the unit when
necessary. In addition, a memory device can be included which will extract and store

information about the patient's breathing. Later, the information in the memory can be

accessed, downloaded and analyzed.

in addition, this device can be equipped to transmit the acquired respiratory data
to adata processing computer that provides additional enhanced capabilities to medical
personnel. The data processing computer can store the data for later analysis, provide
long term trend graphs of the raw and processed data, and assist in both long term studies

as well asreal time monitoring using powerful visual displays such as graphs, charts and

LED's

It wiii now be recognized that a device according to the invention can be a

powerful tool for detecting apnea and hypoxia.

Although this invention has been described in connection with specific forms and
embodiments thereof, it will be appreciated that various modifications other than those
discussed above may be resorted to without departing from the spirit or scope of the
invention as defined in the appended claims. For example, functionaly equivalent
elements or processes may be substituted for those specifically shown and described,

certain features may Vbe used independently of other features, and in certain cases,
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particular locations of the elements or processes may be reversed or interposed, all
without departing from the spirit or scope of the invention as defined in the appended

IS PRGN
CIAMS,
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WHAT IS COLATMED 1S
WHALD IS ULAIVIRIN

1. A respiration monitoring system for monitoring respiration parameters of a
subject, comprising:

{a) afirst temperature sensor;

(b) athermoelectric generator thermally coupled to said first temperature
sensor for generating an electrical signal of the subject respiration thai depends on a
preset temperature of said thermoelectric generator and the temperature of the subject's
respiration, said thermoelectric generator to be driven ;o a calculated preset temperature;

(cy asecond temperature sensor to measure an ambient temperature;

(d) afeedback error signal processor coupled to said thermoelectric
generator and configured to develop and output a processed electrical signal that depends
on said ambient temperature, said calculated preset temperature and said subject's
respiration temperature; and

(e) acompensating power controller electrically coupled to said feedback
error signal processor and said thermoelectric generator for developing a compensating
electrical signal input to said thermoelectric generator to drive said thermoelectric

generator to said calculated preset temperature.

2. The respiration monitoring system as recited in claim 1, wherein said feedback
error signal processor includes atemperature controller processor configured to (1)

develop said calculated preset temperature dependent on said ambient temperature and
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said subject's respiration temperature, and (2) calculate adifference between said

calculated preset temperature and said first sexisor temperature.

3. The respiration monitoring system asrecited in claim 2, wherein said feedback
error signal processor includes a feedback signal processor configured to fiiter and
smooth atransmitted temperature controller processor signal and generate said processed

electrical signal.

4. The respiration monitoring system asrecited inclam i, wherein said processed
electrical signal is representative of the difference between said calculated preset

temperature and said subject's respiration temperature.

5. The respiration monitoring system as recited in claim 4, wherein said feedback
error sighal processor includes afeedback signal processor configured to filter and
smooth a signal developed within said feedback error signal processor defining the
difference between said calculated preset temperature and said subject's respiration

temperature.

6. The respiration monitoring system as recited in claim i, wherein said
compensating power controller Includes a power controller coupled to a power source

and said feedback error signal processor for developing said compensating electrical
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signal responsive to said processed electrical signal transmitted from said feedback error

signal processor.

7. The respiration monitoring system as recited in claim 6, wherein said power
controller includes an inverter circuit for inverting a power controller signal during
predetermined time intervals of a subject's breathing cycle and transmitting said inverted

power control signal to said thermoelectric generator.

8. Therespiration monitoring system as recited in claim i, wherein said
compensating power controller includes:

(&) apower controller coupled to apower input and said feedback error
signal processor for developing an intermediate compensating signal responsive to said
processed electrical signal transmitted from said feedback error signal processor; and,

(b) an inverter circuit coupled to said power controller and said
thermoel ectric generator, said inverter circuit for inverting said intermediate

compensating signal and transmitting said inverted signal to said thermoelectric

generator.

9. Therespiration monitoring system as recited in clam 8, wherein said inverter

circuit includes an ¥-bridge circuit.
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{8, The respiration monitoring system asrecited in claim i, wherein said
thermiosiectric generator, said feedback error signal processor, and congensating power
controller are electrically coupled b form an electrical feedback loop for driving said

thermoelectric generator to said calculated preset temperature.

11. The respiration monitoring system asrecited in claim lincluding a thermal
mass coupled to said thermoelectric generator for transporting heat from said thermal

generator during predetermined timvies during a subject's breathing cycle.

12. The respiration monitoring system as recited in claim 11, wherein said
thermal mass is abloek member fixedly coupled to said thermoelectric generator and

composed of ahigh thermal conductivity material.

13. Therespiration monitoring system asrecited in claim {2, wherein said
thermal miass has a composition selected from the group of copper, aluminum a:d

diamond.

i4. The respiration monitoring system asrecited in claim 1including a visual
display €electrically coupled to said feedback error signal processor for visualy displaying

said processed electrical signal.
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15. Therespiration monitoring system as recited in claim 1including an audio
display electricaily coupled to said feedback error signal processor for providing an audio

signal responsive to said processed electrical signal.

16. The respiration monitoring system as recited in claim lincluding a
respiration signal recovery processor connected to said feedback error signal processor

and configured to process said processed electrical signal for display of said processed

electrical signal.

17. Therespiration monitoring system asrecited in claisn 16, wherein said
respiration signal recovery processor is electrically connected to avisual display for

visually displaying said processed electrical signal

18. The respiration monitoring system asrecited in claim 1§, wherein said
respiration signal recovery processor is electrically coupled to an audio display providing

an audio signal responsive to said processed electrica signal.

1%, A method of monitoring respiration of a subject, including the steps of:
(8 measuring a subject's respiration temperature by afirst temperature
sensor coupled to athermoelectric generator;
{b) measuring an ambient temperature by a second temperature sensor

positioned to measure the ambient temperature;
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(c) calculating athermoelectric generaior preset temperature withiz: a
feedback error signal processor;

(d) forming aprocessed electrical signal based upon said subject's
respiration temperature and said thermoelectric preset temperature;

(e) developing acompensating electrical signal within a compensating
power controller electrically coupled to said feedback error signal processor;

(f) applying said compensating electrical signal to said thermoelectric
generator; and,

(g) repeating steps (a) through (f) throughout a plurality of breathing

cycles of said sul ect.

20. The method of monitoring respiration of a subject asrecited in claim 19,
wherein the step of calculating said thermoelectric generator preset temperature includes
the step of establishing said thermoelectric generator preset temperature as afunction of

said subject's respiration temperature and said ambient temperature.

21. The method of monitoring respiration of asubject asrecited in claim 20,
wherein the step of establishing said thermoelectric generator preset temperature includes
the step of correlating said subject's respiration temperature with said ambient
temperature on alook-up table within afeedback error signal processor coupled to said

thermoelectric generator.
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22. The method of monitoring respiration of a subject as recited in claim 20,
whereix; the step of establishing said thermoelectric generator preset temperature is
followed by the step of subtracting said subject's respiration temperature from said
thermoel ectric generator preset temperature within said feedback error signal processor to

form said processed electrical signal.

23. The method of monitoring respiration of a subject asrecited in claim 1%,
wherein the step of forming said processed electrical signal includes the step of
generating an intermediate feedback error signal calculated by subtracting said subject's

respiration temperature from said thermoelectric generator preset temperature within a

temperature controller.

24. The method of monitoring respiration of a subject asrecited in claim 23,
wherein the step generating said intermediate feedback error signal is followed by the

step of smoothing said intermediate feedback error signal in afeedback signal processor.

25, 'TYhe method of monitoring respiration of a subject asrecited in claim 19,
wherein the step of developing said compensating signal includes the step of transmitting
said processed electrical signal to said compensating power controller connected to said
feedback error signal processor and a power source for developing an intermediate

compensating signal.
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26. The method of monitoring respiration of a subject asrecited in claim 25,
wherein the step of developing said intermediate compensating signal is fo!lowed by the

step of inverting said intermediate compensating signal at predetermined times within a

subject's breathing cycle.

27. The method of monitoring respiration of a subject asrecited in claim 26,
wherein the step of inverting said intermediate compensation signal includes the step of

coupling an H-circuit to apower controller within said compensating power controller.

28. The method of monitoring respiration of a subject as recited in claim 13,
wherein the step «f forming said processed electrical signal is foliowed by the step of

processing said processed electrical signa to form a signal adapted to be visually sensed.

29. The method of monitoring respiration of a subject as recited in claim 1%

including the step of attaching athermally conducting member to said thermoelectric

generator.

30. The method of monitoring respiration of a subject asrecited in claim 1%

including the step of displaying said processed electrical signal.
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