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(57) Abstract: A device (100) for monitoring a
subject's breathing rate is disclosed. A transducer
(107) radiates energy towards the chest of a subject
and receives the reflected energy. An anayzer
(105) receives a signal corresponding to the reflec-
ted energy. The reflected energy would have under-

T gone Doppler frequency shifts due to the motion of

the chest of the subject due to breathing, with refer-
ence to the transducer. The analyzer (105) analyzes
the signal to calculate the breathing rate by measur -
ing at least one of a periodicity of the signal and a
number of cycles per unit time of the signal. In a
preferred embodiment the transducer (107) is dis-
posed in or on a sphygmomanometer cuff to radiate
energy towards the chest of the subj ect and receive
the energy reflected by the chest of the subject.
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System and method for breathing rate measurements

FIELD OF THE INVENTION

Thisinvention belongs to the field of measurement and monitoring of

breathing rate of a human subject.

BACKGROUND OF THE INVENTION

A number of physiological parameters are measured to estimate the state of
health of a person. In the case of apatient in ahospital and especially in an intensive care unit
(ICU) physiologica parameters are measured on a continuous basis to monitor variations in
the state of health of the patient. Thisis doneto ensure timely medical intervention in case of
deterioration in the state of health, especially when the deterioration is likely to endanger life.

One of the important parameters measured is the breathing rate, also called the
respiratory rate. The most commonly used method in low acuity settings isto observe the rise
and fall of the patient's chest during breathing and counting the number of inhalation and
exhalation cycles, timed with aclock. This isproblematic when the patient has irregular or
shallow breaths due to breathing distress.

Devices and methods to automatically measure the breathing rate are known in
the field, using different types of transducers. Some of those methods are impedance
plethysmography, capnography (mainly used in ICUs) and inductive thoracic
plethysmography (Respiband ™) in sleep studies (polysomnography). All these methods
require the positioning of the sensor on the patient's body or elsewhere by atrained person.

The published patent application US20 100222687, assigned to the same
assignee asthat of the present application discloses amethod of using aplurality of Doppler
radars disposed on the seat belt or integrated into the seat belt for monitoring vital body signs
of aperson seated in a seat of amotor vehicle. The disclosed method unobtrusively monitors

vital body signs like heart rate and respiration rate of the person seated in the motor vehicle.
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SUMMARY OF THE INVENTION

There exists aneed for adevice for and amethod of measuring the breathing
rate of apatient for overcoming or mitigating one or more of the problems in the state of the
art. The need is addressed with a device for measuring the breathing rate of a subject defined
in claim 1.

Such a device may have the advantage that it may not need a skilled person to
measure the breathing rate manually. Further, it may not need a skilled person to position a
sensor proximate to the patient. Since the device measures the breathing rate, the data may be
stored, or transmitted to a system for further processing or used along with the other
measured parameters for making decisions or for issuing alarms.

Further, the need for such amethod of measuring the breathing rate of a
subject is addressed by amethod as defined in claim 14.

Normally, patient monitors used in ICUs use a sphygmomanometer cuff to
measure the subject's BP, among other things. Thus the disclosed method may offer the
advantage that it makes it convenient to dispose the transducer in the cuff and once the cuff is
worn by the subject, the measurement of the breathing rate of the subject is enabled without

any additional positioning of a separate transducer.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the disclosed device and the disclosed method are
described in detail with reference to the following figures, wherein:

Fig. lisaschematic diagram of the disclosed device;

Fig. 2 isadiagrammatic representation of the disclosed method; and

Fig. 3isarepresentation of the disclosed device in use.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1lisaschematic diagram of the disclosed device 100. A transducer 107
radiates energy towards the chest of a subject. The transducer 107 also receives the energy
reflected by the chest of the subject. Since the chest of the subject ismoving dueto the
subject's breathing the frequency of the reflected energy undergoes Doppler shift. The
analyzer 105 receives asigna 106 (to be called transducer signal here after) corresponding to
the reflected energy received by the transducer 107. The analyzer 105 analyzes the transducer
signal 106 and determines the breathing rate of the subject.
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To give abetter picture of the device and its process, an oscillator 103
produces energy a apredetermined frequency and drives the transducer 107. The transducer
ispreferably an antenna that converts high frequency energy into corresponding
electromagnetic radiation and vice versa or an ultrasound transducer that converts electrical
energy into ultrasound energy of apredetermined frequency and vice versa. In the description
hereafter only one of them, viz, electromagnetic waves, will bereferred to for ease of
description. It isto be understood that mutatis mutandis, the description applies to ultrasound
waves also. However, if there are exceptions, the differences with reference to the two forms
of energy will be stated at appropriate places.

With a stationary transducer, if the energy isreflected by a stationary object,
there isno information in it to be demodulated. However in the present case the reflecting
surface isthe surface of the chest of the subject that moves in synchronism with the breathing
of the subject, at least apart of the movement will bein adirection parallel to the direction of
radiation. Thus the frequency of the reflected energy experiences Doppler shifts. The
analyzer 105 may demodulate the transducer signal 106. The transducer signal 106 or
demodulated signal 106a exhibits a complex dependency on the motion velocity, the motion
amplitude and the distance between the chest and sensor. By using appropriate state-of-the-
art signal processing, the subject's breathing rate can be obtained from the transducer signal
106 or demodulated signal 106a

The analyzer 105 analyzes the signal to determine apattern corresponding to a
complete breathing cycle, in the demodulated signal 106a. It identifies at least the beginning
and end of each complete cycle comprising one inhaation and one exhalation.

The analyzer 105 determines the time period for each cycle or atime period
and amplitude of apattern within each cycle or counts the number of complete cyclesin a
given period of time. The pattern within the cycle may correspond to the inhalation phase,
exhalation phase and pauses, if any, between them. Asiswell known, to measure low
frequencies the method of calculating the time period of each cycle ismore accurate. The
reciprocal of the period when multiplied by sixty yields the breathing rate of the subject in
number of breaths per minute which isthe most common unit for breathing rate. The
breathing rate and other values determined by the analyzer 105 are outputted appropriately
108.

In one embodiment, analyzer 105 calculates the breathing rate by Fourier
analysis of the transducer signal 106 or the demodulated transducer signal 106a. This may be

advantageous for accurate measurements as the effect of noise could be eliminated or



10

15

20

25

30

WO 2014/057399 PCT/IB2013/059091
4

suppressed, eliminating the need for determining the start or end points of a cycle and thereby
reducing or even eliminating the ambiguity therein.

In one embodiment, the device may output the demodulated signal 106ain a
manner suitable for being displayed on amonitor 109. In another preferred embodiment,
limiting values for the various measured values, such as breathing rate, or time for one breath
(acomplete cycle), time for each inhalation and each exhalation and so on may be input to
the device through a suitable user interface 111 and whenever the individual values cross the
limiting values, an indication or alarm 110 may be issued by the device. It isto be understood
that the indication may be an audio or visual or audio-visual alarm. In one embodiment, the
one or more outputs such as the breathing rate, the duration and amplitude of the phases of
breathing, etc., may be outputted in awired or wireless manner, to a central monitoring unit
or abedside unit or a central repository for storing arecord of the monitored values or
incidents when an alarm was issued.

Since breathing isanatural biological phenomenon, there may be large
variations in the time per cycle between cycles. Thus, if the breathing rate calculated as
described above is displayed asis, the display on the monitor 109 may change fairly rapidly
and hence may be confusing or difficult to read. Thus, the output 108 may be arunning
average of apredetermined number of breathing cycles for the display unit to display.
Alternatively, both the cycle by cycle breathing rate and the running average may be
displayed. Once in awhile, subjects take alonger breath than normal voluntarily or
involuntarily. In one embodiment, when such events occur, such very long cycles may be
dropped from the calculation of the average.

In one embodiment, the transducer 107 isdisposed on a sphygmomanometer
cuff 101 asshown in Fig. 1. The transducer may bereleasably coupleable to the cuff, for
example using hook-and-loop fasteners. Even though the cuff is shown at a distance from the
upper arm of the diagrammatic representation of the subject, it isto be understood that the
cuff 101 iswrapped or suitably placed on the upper arm of the subject, as prescribed. The
transducer 107 is disposed on the cuff so that in use, when the cuff isworn by the subject as
prescribed, the direction of radiation of the energy is substantially towards the chest of the
subject. When the radiated energy encounters the chest of the subject, at least part of the
energy isreflected by the chest and at |least apart of the reflected energy is sensed by the
transducer 107.

Fig. 3 shows the cuff 101, the transducer 107 disposed on the cuff 101 worn

by a subject, as prescribed. In this embodiment, the breathing rate measurement device and a
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sphygmomanometer cuff based blood pressure measurement device may be two independent
instruments. In one embodiment, the device according to claim 1 and the blood pressure
measurement device are housed in the same enclosure. It may have a display that displays
both the blood pressure and the breathing rate. In such a case, the antenna maybe
advantageously disposed in the cuff, to be worn by the subject to be monitored so that no
specia careisneeded in positioning the transducer in relation to the chest of the subject.

Now the disclosed method 200 is described in detail with reference to Fig. 2.
The method comprises the steps as follows. In adisposing step 213, atransducer is disposed
on the arm of the subject. In an analyzing step 215 the signal received from the transducer is
analyzed to determine the breathing rate of the subject.

Since, when the subject breathes, the chest expands and contracts in
synchronism with the breathing, the chest moves away from the transducer or towards it
during exhalation and inhalation respectively. The movement produces shifts in the
frequency of the radiated energy. The frequency shift, the Doppler shift, is negative -
frequency lower than the radiated frequency - during exhalation and the shift is positive
during inhalation. The magnitude of the shift is proportional to the rate of movement of the
chest in relation to the transducer.

In an analyzing step 215, a least one temporal pattern in the signal is
determined. This could mean that the part of the signal that represents the inhalation phase or
exhalation phase and the pauses, if any, between them may be determined. At least complete
cycles of breathing maybe determined. This means that the start and end points of a
complete breathing cycle may be determined. This could also mean that the starting points of
two consecutive breathing cycles may be determined.

Alternatively the breathing rate could also be calculated by Fourier Analysis of
the received signal. This may be advantageous for accurate measurements as the effect of
noise could be eliminated more easily, reducing the ambiguity in determining the start or end
of acycle.

The time duration of the complete cycle determined is measured. The
reciprocal of this measured time, when multiplied by sixty, yields the breathing rate in
breaths per minute. Normally, higher frequencies are measured by counting the number of
cyclesin acertain period of time and the frequency in Hz is calculated. But for slow or long
duration phenomenon, it is preferable to measure the time duration of each cycle and

calculate the frequency in a suitable unit - Hz or cycles per minute, for instance.



10

15

20

25

30

WO 2014/057399 PCT/IB2013/059091
6

The values measured or further values calculated based on those
measurements are output suitably. The output could be displayed in the form of alphanumeric
display, or with lights or audio-visual display and so on and combinations thereof and is not
treated as apart of this description of the method.

The basic equations necessary to carry out the measurement using Doppler are
explained below:

The Doppler signal for asingle target, which is agood approximation of a
subject's chest, is given by Equation 1below as:

x(t) = a(t) - cos(0(0O)

where the amplitude a(t) can be assumed to be constant a(t) = g, since we consider only
small distance changes (~ cm) due to breathing and the beating heart, disregarding large
subject movements. The phase-term in the equation above can be expressed by Equation 2

below as:

4t

D(t) = 4;(5 + > Jv@)Har)
1o >

where A isthe wavelength of the transmitted waves, and = isthe sensor-chest distance fort =
0. The sum consists of 4 terms due to the breathing motion (amplitude A of 5mm - 30 mm at
0.1Hz - 0.8 Hz), dueto the beating heart (typically < 5mm at 0.5 Hz - 3 Hz), the patient's
global motion and - if applicable - movement of the sensor itself.

For an ideal measurement situation with breathing motion only and a perfect
estimation of the phase term, equation (2) reduces to:

4
D(t) = _/L(E + x(t))

wherein s(t) isthe displacement of the chest beginning from t=0.

In one variant of the method the breathing rate displayed isthe running
average of apredetermined number of previous cycles. In one variant both the present
breathing rate based on the latest full cycle and the running average as mentioned above are
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displayed together. In one variant the output includes an alarm when any of the measured or
calculated parameters exceed or cross predetermined thresholds.

In one embodiment of the method, the transducer is disposed in a
sphygmomanometer cuff. In one embodiment the transducer may be integrated into the cuff
as an integral part. Since the cuff has apredefined position and orientation of application on
the arm of the subject, the transducer may be so coupled or integrated into it, such that when
the cuff is applied to the subject's arm properly, the transducer isin the appropriate position
relative to the subject’s chest for the measurement of the breathing rate.

The method has hitherto been described as a combination of the cuff based
sphygmomanometer and the breathing rate. However it isto be understood that the method
may be employed or practiced as an adjunct to or within amonitoring device or systemwhich
monitors various other parameters of a subject, for instance in an ICU or any other care
facility. The parameters normally measured and monitored in that way are, but not limited to,
blood pressure, Blood Oxygen Saturation (Sp02), heart rate and body temperature and so on.

In one embodiment, electromagnetic waves are used. Though other
frequencies may be used, it is found that reliable results are obtained with a frequency of at
least 1 GHz. Preferably, the frequency is between 20 GHz and 30 GHz and most preferably
the frequency has anominal value of 24 GHz. In another embodiment, ultrasound energy is
employed with afrequency of a least 40 kHz. In other words the device and method may use
the principle of Doppler RADAR or ultrasound based Doppler Sonar, also called Acoustic
Doppler Sonar, using Ultrasound.

While the embodiments have been described in detail in the drawings and
description, such drawings and description are to be considered exemplary and not
restrictive; the invention is not limited to the disclosed embodiments. Wherever electrical
connections or communication isreferred to, it isto be understood that it could be effected in
awired or wireless manner. For instance, instead of displaying measured values of the
duration of each phase of the breathing cycle, one or more of them may be displayed as a
ratio of the duration of the phase and the duration of the whole breathing cycle and so on.
Units described as distinct may in practice berealized in the same physical unit. The units
may be built using any one or more devices of various technologies such as microcontrollers,
microprocessors, digital signal processors (DSP's), programmable logic devices and so on.
The distinction made here is for the ease of understanding and the implementation of the

units and the practice of the steps may be varied by skilled persons to advantage.
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Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art, in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims. In the claims, the word "comprising” does not
exclude elements or steps other than those mentioned, and the indefinite article "a* or "an"
does not exclude aplurality. A single processor or other unit may fulfill the functions of
severa itemsrecited in the claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a combination of these measures
cannot be used to advantage.
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CLAIMS:

1 A device (100) for monitoring respiration of a subject, the device comprising:

atransducer (107) arranged to beworn on an arm of the subject, the transducer
being arranged for radiating energy towards the chest of the subject and receiving the energy
reflected by the chest of the subject;

an analyzer (105) operatively coupled to the transducer (107), the transducer
(107) being arranged for radiating energy under control of the analyzer, the analyzer being
arranged for processing asignal received from the transducer, for determining arespiration
rate of the subject in dependence on the Doppler frequency shifts in the reflected energy
received by the transducer.

2. The device (100) of claim 1wherein the transducer (107) comprises an

ultrasound transducer or an antenna.

3. The device (100) of claim 1 further comprising a sphygmomanometer cuff
(101) for monitoring ablood pressure of the subject, the cuff (101) being mechanically
coupleable to the transducer (107).

4. The device (100) of claim 3 wherein the transducer (107) isintegrated into the
sphygmomanometer cuff (101).

5. The device of claim 3 or 4 wherein the sphygmomanometer cuff (101) is
further electrically coupleableto the analyzer (105), the sphygmomanometer cuff (101) being
arranged for monitoring ablood pressure of the subject in response to a further signal

received from the analyzer (105).

6. The device (100) of claim 5 wherein the analyzer (105) is further arranged to
receive data on the monitored blood pressure from the sphygmomanometer cuff (101).
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7. The device (100) according to any one of claims 3to 6 wherein the analyzer
(105) is arranged for wireless communication with the transducer (107) or the cuff (101) or

both to alow remote monitoring of the subject.

8. The device (100) of claim 1, wherein the analyzer (105) is further configured
for identifying at least one breathing phase from the transducer signal and for calculating at

least one of a duration and an amplitude of the identified phase.

9. The device (100) of claim 1, wherein the analyzer (105) is further configured
for averaging at least one of the periodicity of respiration, the number of cycles of respiration
per unit time, the duration of the phase, and the amplitude of the phase over a least one of a

predetermined time period and apredetermined previous number of cycles.

10. The device (100) of claim 9, wherein the analyzer (105) is further configured
for using a current value within predetermined upper and lower limiting values or values that
are within apredetermined multiple of a current average value, for calculating a subsequent

average value.

11. The device (100) of claim 10 wherein the analyzer (105) is configured for
comparing a least one of the periodicity, the number of cycles per unit time, the duration of
one or more phases and the amplitude of one or more phases with at least one threshold value
for each of those values for generating an alarm signal.

12. The device (100) of claim 2, wherein the radiated energy has a frequency of a
least 1 GHz, preferably between 20 GHz and 30 GHz and most preferably in the order of 24
GHz.

13. The device (100) of claims 2, wherein the radiated energy is ultrasound energy
with a frequency of at least 40 kHz.

14. A method (200) of monitoring the respiratory rate of a subject, the method
comprising the steps of:

adisposing step (213) of disposing atransducer on an arm of a subject for
radiating energy towards the chest of the subject and receiving the energy reflected by the
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chest of the subject;
an analyzing step of (215) of analyzing a signal received from the transducer,
for determining arespiration rate of the subject in dependence on the Doppler frequency

shifts in the transducer signal.

15. The method (200) of claim 14, wherein the disposing is by mechanically
coupling to or integrating the transducer into a sphygmomanometer cuff.
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