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(57) ABSTRACT

A heart rate meter and a method thereof are provided. The
method is adopted by a sensing circuit of a heart rate meter,
wherein the sensing circuit includes a pulse sensor and a
proximity sensor. The method includes: determining whether
the sensing circuit is close to a neighboring object according
to a proximity output signal of the proximity sensor; deter-
mining whether the sensing circuit is hung in the air according

(22) Filed: Aug. 13,2014 to a direct current (DC) output signal of the pulse sensor; and
when the sensing circuit is close to the neighboring object and
(30) Foreign Application Priority Data is not hung in the air, determining that the measuring circuit
can measure an electrocardiographic signal of the neighbor-
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HEART RATE METER AND METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims priority of Taiwan Patent
Application No. 103120133, filed on Jun. 11, 2014, the
entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to medical equipment,
and in particular to a heart rate meter and a method thereof.

[0004] 2. Description of the Related Art

[0005]  As percentage of the population having any form of
cardiovascular diseases continues growing, the market for
heart rate meters increases accordingly.

[0006] Typically, conventional heart rate meters employ
green light lasers and optical sensors to measure pulses on a
patient’s wrist. This type of pulse sensor integrates a green
light laser and an optical sensor into a single package, con-
sequently it cannot identify whether the pulse sensor has
already been positioned on the wrist so thatit can start sensing
the pulses correctly.

[0007] Therefore, a heart rate meter and a sensing method
are required to accurately identify when a pulse sensor has
been placed on a wrist, effectively eliminating noises in cal-
culating pulses and a heart rate and reducing power consump-
tion in the system.

1. Field of the Invention

BRIEF SUMMARY OF THE INVENTION

[0008] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

[0009] An embodiment of a method is disclosed, adopted
by a sensing circuit of a heart rate meter, wherein the sensing
circuit comprises a pulse sensor and a proximity sensor. The
method includes: determining whether the sensing circuit is
close to a neighboring object according to a proximity output
signal of the proximity sensor; determining whether the sens-
ing circuit is hung in the air according to a direct current (DC)
output signal of the pulse sensor; and when the sensing circuit
is close to the neighboring object and is not hung in the air,
determining that the measuring circuit can measure an elec-
trocardiographic signal of the neighboring object.

[0010] An embodiment of a heart rate meter is disclosed,
including a sensing circuit and a controller. The sensing cir-
cuit includes a proximity sensor and a pulse sensor. The
proximity sensor is configured to determine a proximity out-
put signal representing whether the sensing circuit is close to
aneighboring object. The pulse sensor is configured to deter-
mine a direct current (DC) output signal representing whether
the sensing circuit is hung in the air. The controller is config-
ured to determine whether the sensing circuit is close to a
neighboring object according to the proximity output signal,
determine whether the sensing circuit is hung in the air
according to the DC output signal, and when the sensing
circuit is close to the neighboring object and is not hung in the
air, determine that the measuring circuit can measure an elec-
trocardiographic signal of the neighboring object.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention can be more fully understood
by reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

[0012] FIG. 1is a block diagram of a heart rate (heartbeat)
meter 1 according to an embodiment of the invention;
[0013] FIG. 2 is a block diagram of a sensing circuit 2
according to an embodiment of the invention;

[0014] FIG. 3 is a schematic diagram illustrating how the
sensing circuit 10 senses a neighboring object according to an
embodiment of the invention;

[0015] FIG. 4 is a flowchart of a sensing method 4 accord-
ing to an embodiment of the invention; and

[0016] FIGS. 5A through 5C show signals output from a
sensing circuit of a heart rate meter according to embodi-
ments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

[0018] FIG. 11is a block diagram of a heart rate (heartbeat)
meter 1 according to an embodiment of the invention, includ-
ing a sensing circuit 2, a signal transmitter 11, a microcon-
troller unit (MCU) 12 (controller), a power supply circuit 13,
a battery 14, a display panel 15, a Bluetooth circuit 16, a
memory 17, and an alarm 18. The heart rate meter 1 is a piece
of medical electronic equipment which automatically records
a bioelectrical signal (electrocardiographic signal) generated
by a cardiac muscle during heart actions, often employed in
clinic trials and scientific studies.

[0019] The sensing circuit 2 is configured to sense the bio-
electrical signal generated in the heart actions of an end-user,
containing a heartbeat sensing circuit 100 (pulse sensor) and
a proximity sensing circuit 102 (proximity sensor). When the
heart rate meter 1 measures an electrocardiographic signal
S,.aves the sensing circuit 2 will be stuck, tied, or otherwise
fixed to an object under test such as a wrist or a body part on
which the electrocardiographic signal may be detected. The
electrocardiographic signal S, ,,, includes a heartbeat or a
pulse signal. The heartbeat sensing circuit 100 and proximity
sensing circuit 102 on the sensing circuit 2 are configured to
sense the location of the object under test, to prevent it from
measuring an incorrect electrocardiographic signal S, ...
The proximity sensing circuit 102 is configured to sense
whether a neighboring object such as a wrist is present
beyond a predetermined range, and output a proximity output
signal S, .~ Which represents whether the sensing circuit 2 is
close to the neighboring object. For example, the proximity
sensing circuit 102 can detect a neighboring object beyond a
range of lem; and cannot detect the proximity sensing circuit
102 within the range of 1 cm, thus it relies on the heartbeat
sensing circuit 100 to determine whether the sensing circuit 2
is hung in the air or fixed to the object under test. As a result,
the heartbeat sensing circuit 100 is configured to sense
whether the sensing circuit 2 is hung in the air and output a
direct current (DC) output signal S~ which represents
whether the sensing circuit 2 is hung in the air. For example,
when the sensing circuit 2 is fixed to an object under test, the
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heartbeat sensing circuit 100 will generate a DC output signal
Spc that is less than a predetermined voltage, such as 2.9V.
The heartbeat sensing circuit 100 may also output a sensed
electrocardiographic signal S

[0020] The MCU 12 receives the proximity output signal
S prox from the proximity sensing circuit 102 and determines
whether the sensing circuit 2 is close to the neighboring object
based on the proximity output signal S,z In addition, the
MCU 12 further receives the DC output signal S, from the
heartbeat sensing circuit 100 and determines whether the
sensing circuit 2 is close to the neighboring object based on
the DC output signal S,. Only when the sensing circuit 2 is
close to the neighboring object and is not hung in the air, the
MCU 12 can determine that the sensing circuit 2 can measure
an electrocardiographic signal S, ,,, of the neighboring
object, i.e., the electrocardiographic signal S, ,,, measured by
the heartbeat sensing circuit 100 is valid. When the sensing
circuit 2 is beyond the predetermined range, the MCU 12
determines that the sensing circuit 2 is not fixed to the neigh-
boring object, and thus the electrocardiographic signal S,
measured by the heartbeat sensing circuit 100 is invalid.
When the sensing circuit 2 is close to the object under test and
is hung in the air, the MCU 12 determines that the sensing
circuit 2 is close to the neighboring object but not in direct
contact, and thus the electrocardiographic signal S mea-

wave

sured by the heartbeat sensing circuit 100 is invalid.

[0021] The MCU 12 can communicate with the heartbeat
sensing circuit 100 and proximity sensing circuit 102 by
means of wired or wireless connections. For example, the
MCU 12 may communicate with the heartbeat sensing circuit
100 and proximity sensing circuit 102 by the [2C wired com-
munication protocol. In another example, the MCU 12 may
communicate with the heartbeat sensing circuit 100 and prox-
imity sensing circuit 102 by the Bluetooth wireless commu-
nication protocol. Moreover, the MCU 12 and the sensing
circuit 2 may be disposed on the same or different devices.

[0022] The signal transmitter 11 is configured to transmit a
light signal such as a green beam laser to a neighboring object
or a body part. During heart contractions and relaxations,
blood will carry different concentrations of red blood cells,
the red blood cells will absorb a part of the transmitted light
signal and reflect another part of the transmitted light signal to
the heartbeat sensing circuit 100. As a result, the heartbeat
sensing circuit 100 can determine the electrocardiographic
signal S, _ by sensing the reflected light signal. The power
supply circuit 13 and battery 14 are configured to provide the
power supply to all circuits in the heart rate meter 1. The
display panel 15 is configured to display the measured elec-
trocardiographic signal S,,,.. The Bluetooth circuit 16 is
configured to perform Bluetooth communications. The
memory 17 is configured to record the electrocardiographic
signal S, and store an application for measuring the elec-
trocardiographic signal, wherein the application may be
loaded into the MCU 12 to determine when to measure the
electrocardiographic signal S, ,,, of a body part, process the
measured electrocardiographic signal S,,,,., and determine
an emergency condition based on the measured electrocar-
diographicsignal S, ... For example, when the magnitude of
the measured electrocardiographic signal S, is less than a
predetermined magnitude, the application may determine
that an emergency has occurred. The application may imple-
ment a sensing method 4 shown in FIG. 4. The alarm 18 is
configured to generate an alert sound in an emergency.

wave*
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[0023] Theheart rate meter 1in FIG. 1 adopts the heartbeat
sensing circuit 100 and the proximity sensing circuit 102 to
sense the location of an object under test, to prevent the
measurement of an invalid electrocardiographic signal S, .,
eliminate noises from a valid electrocardiographic signal
S, effectively, and reduce power consumption in the sys-

wave

tem of the heart rate meter 1.

[0024] FIG. 2 is a block diagram of a sensing circuit 2
according to an embodiment of the invention, including a
heartbeat sensing circuit 100, a proximity sensing circuit 102
and an MCU 12.

[0025] The sensing circuit 2 adopts the proximity sensing
circuit 102 to sense whether a neighboring object is beyond a
predetermined range, the heartbeat sensing circuit 100 to
sense whether the sensing circuit is hung in the air, and the
MCU 12 to determine whether the sensing circuit may mea-
sure an electrocardiographic signal of the neighboring object.
The proximity sensing circuit 102 can output a proximity
output signal S, representing whether the sensing circuit
2 is close to the neighboring object. Because the proximity
sensing circuit 102 can only detect a neighboring object
beyond a predetermined range, after the proximity output
signal S,y indicates that no neighboring object is present
beyond the predetermined range, the heartbeat sensing circuit
100 may subsequently sense whether a neighboring object is
present within the predetermined range. The heartbeat sens-
ing circuit 100 can output a DC output signal S, represent-
ing whether the sensing circuit 2 is hung in the air or in direct
contact with a neighboring object. When the sensing circuit 2
is in direct contact with a neighboring object, the heartbeat
sensing circuit 100 can sense a stable DC voltage that is less
than a predetermined voltage, e.g., 2.9V, with the stable DC
voltage being the DC output signal S,,.. When the sensing
circuit 2 is hung above in the predetermined range but not in
direct contact with a neighboring object, the heartbeat sensing
circuit 100 will sense a DC output signal S, that exceeds the
predetermined voltage, and the MCU 12 will determine
whether a neighboring object is present in close proximity,
and determine the location of the neighboring object based on
the proximity output signal S, ,-and DC output signal S,
The MCU 12 will then determine whether the sensing circuit
2 may measure an electrocardiographic signal of the neigh-
boring object based on the information thereof. Specifically,
only when the MCU 12 determines that a neighboring object
is close to the sensing circuit 2 and that the sensing circuit 2 is
not hung in the air based on the proximity output signal S . o
and DC output signal S, an electrocardiographic signal
S,ave Of the neighboring object then can be measured.

wave

[0026] Theheartbeat sensing circuit 100 includes a current
source 20, a heartbeat sensor 21, an amplifier and filter 22, a
first amplification circuit 23, and a second amplification cir-
cuit 24. The current source 20 provides a current to the heart-
beat sensor 21 to sense a reflected light signal for producing a
pulse signal S, ¢, which is subsequently amplified and noise-
filtered by the amplifier and filter 22 to generate the DC output
signal S,.. The first amplification circuit 23 and second
amplification circuit 24 then eliminate a DC component from
the DC output signal S,,, and keep an alternative current
(AC) component of the DC output signal S, to generate the
electrocardiographic signal S

[0027] FIG. 3 is a schematic diagram illustrating that the
sensing circuit 10 senses a neighboring object according to an
embodiment of the invention. The heartbeat sensing circuit

wave’
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100 and the proximity sensing circuit 102 are disposed on the
same side and adjacent to each other for sensing a neighbor-
ing object 30.

[0028] When the sensing circuit 10 is near the neighboring
object 30, the heartbeat sensing circuit 100 or the proximity
sensing circuit 102 will detect the presence of the neighboring
object 30. When the distance between the sensing circuit 10
and the neighboring object 30 exceeds a predetermined range,
e.g., 1 cm, the proximity sensing circuit 102 will sense the
neighboring object 30, and the heartbeat sensing circuit 100
will sense an unstable and erratic DC output signal S,
Please refer to FIG. 5B: when the distance between the sens-
ing circuit 10 and the neighboring object 30 exceeds the
predetermined range, the heartbeat sensing circuit 100 will
sense a constantly changing ambient light, and consequently
output a DC output signal S, ranging from 1V to 3V,
wherein the corresponding electrocardiographic signal S
shows an unstable and erratic behavior.

[0029] In FIG. 3, when the distance between the sensing
circuit 10 and the neighboring object 30 is less than the
predetermined range and the two are not in direct contact, the
proximity sensing circuit 102 will not detect the presence of
the neighboring object 30, the heartbeat sensing circuit 100
will detect the neighboring object 30 and produce a DC output
signal S, which exceeds a predetermined voltage, e.g., 3V.
Please refer to FIG. 5C: when the distance between the sens-
ing circuit 10 and the neighboring object 30 is less than the
predetermined range and not in direct contact, the heartbeat
sensing circuit 100 will sense a small and stable ambient light,
and consequently output a DC output signal S, exceeding
3V, and the corresponding electrocardiographic signal S
shows an unstable and erratic behavior.

[0030] In FIG. 3, when the distance between the sensing
circuit 10 and the neighboring object 30 is in direct contact,
the heartbeat sensing circuit 100 will generate a DC output
signal S, which is less than a predetermined voltage, e.g.,
3V. Please refer to FIG. 5A, when the sensing circuit 10 and
the neighboring object 30 are in direct contact, the heartbeat
sensing circuit 100 will sense a light signal reflected by the
neighboring object 30. The reflected light signal is typically
less than the ambient light, and consequently the heartbeat
sensing circuit 100 will output a DC output signal S, less
than 3V. When the neighboring object 30 is a human body
part, the heartbeat sensing circuit 100 will generate a regular
electrocardiographic signal S based on the DC output
signal S,

[0031] FIG. 4is a flowchart of a sensing method 4 accord-
ing to anembodiment of the invention, incorporating the heart
rate meter 1 in FIG. 1. The sensing method 4 may be imple-
mented by program code stored in the memory 17.

[0032] When theheart rate meter 1 is powered on, the MCU
12 is configured to load program code from the memory 17 to
determine the distance between the sensing circuit 10 and the
neighboring object and whether an electrocardiographic sig-
nal S, ,,. should be measured (S400). Initially, the proximity
sensing circuit 102 continues sensing and outputs a proximity
output signal S,z representing whether the sensing circuit
10 is close to the neighboring object to the MCU 12 (S402).
Subsequently, the MCU 12 determines whether the sensing
circuit 10 is close to any neighboring object based on the
proximity output signal Sz, (S404). If the sensed neigh-
boring object is present beyond the predetermined range, the
MCU 12 determines that the sensing circuit 10 is hung high in
the air and does not close to any neighboring object, thus no

wave

wave

wave
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pulse or other electrocardiographic signals are not measured
(S408). If the sensed neighboring object is present within the
predetermined range, the MCU 12 then receives a DC output
signal S, from the heartbeat sensing circuit 100 to determine
whether the sensing circuit 10 is hung in the air (S410). When
the DC output signal S, exceeds a predetermined voltage, it
indicates that the sensing 10 is hung in the air; whereas when
the DC output signal S, is less than the predetermined
voltage, it indicates that the sensing circuit 10 is in direct
contact with a neighboring object. As a result, when deter-
mining that the DC output signal S,,.. exceeds the predeter-
mined voltage, the MCU 12 will determine that the sensing
circuit 10 is hung low in the air and is not in direct contact with
the neighboring object, and thus no pulse or other electrocar-
diographic signals are measured (S414). In contrast, when
determining that the DC output signal S, is less than the
predetermined voltage, the MCU 12 will determine that the
sensing circuit is in direct contact with the neighboring
object, and pulses or other electrocardiographic signals
should be measured (S412). After the sensing method 4 has
determined whether an electrocardiographic signal of a
neighboring object should be measured in Steps S408, S412,
and S414, it can return to Step S402 to restart the sensing
method 4 to determine whether there is an electrocardio-
graphic signal of another neighboring object to be measured.

[0033] The sensing method 4 in FIG. 4 adopts the heartbeat
sensing circuit 100 and the proximity sensing circuit 102 to
sense the location of an object under test, to prevent the
measurement of an invalid electrocardiographic signal S, .,
eliminate noises from a valid electrocardiographic signal
S, ave effectively, and reduce power consumption in the sys-
tem of the heart rate meter 1.

[0034] As used herein, the term “determining” encom-
passes calculating, computing, processing, deriving, investi-
gating, looking up (e.g., looking up in a table, a database or
another data structure), ascertaining and the like. Also,
“determining” may include resolving, selecting, choosing,
establishing and the like.

[0035] The various illustrative logical blocks, modules and
circuits described in connection with the present disclosure
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array signal (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware compo-
nents or any combination thereof designed to perform the
functions described herein. A general purpose processor may
be a microprocessor, but in the alternative, the processor may
be any commercially available processor, microprocessor or
state machine.

[0036] The operations and functions of the various logical
blocks, modules, and circuits described herein may be imple-
mented in circuit hardware or embedded software codes that
can be accessed and executed by a processor.

[0037] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments. On the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-
ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.
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What is claimed is:

1. A method, adopted by a sensing circuit of a heart rate
meter, wherein the sensing circuit comprises a pulse sensor
and a proximity sensor, the method comprising:

determining whether the sensing circuit is close to a neigh-

boring object according to a proximity output signal of
the proximity sensor;

determining whether the sensing circuit is hung in the air

according to a direct current (DC) output signal of the
pulse sensor; and

when the sensing circuit is close to the neighboring object

and is nothung in the air, determining that the measuring
circuit can measure an electrocardiographic signal of the
neighboring object.

2. The method of claim 1, wherein the step of determining
whether the sensing circuit is hung in the air comprises:

when the DC output signal is less than a predetermined

voltage, determining that the sensing circuit is not hung
in the air.

3. The method of claim 1. wherein the step of determining
whether the sensing circuit is close to the neighboring object
comptrises:

when the proximity output signal indicates that a predeter-

mined distance is not exceeded, determining whether the
sensing circuit is close to the neighboring object.

4. The method of claim 1, wherein the pulse sensor and the
proximity sensor are disposed alongside one another on a
sensing circuit.

5. The method of claim 1, further comprising:

when the sensing circuit is not close to the neighboring

object or hung in the air, determining that the measuring
circuit cannot measure an electrocardiographic signal of
the neighboring object.

Dec. 17,2015

6. A heart rate meter, comprising:

a sensing circuit, comprising:

a proximity sensor, configured to determine a proximity
output signal representing whether the sensing circuit
is close to a neighboring object;

a pulse sensor, configured to determine a direct current
(DC) output signal representing whether the sensing
circuit is hung in the air; and

a controller, configured to determine whether the sensing

circuit is close to a neighboring object according to the
proximity output signal, determine whether the sensing
circuit is hung in the air according to the DC output
signal, and when the sensing circuitis close to the neigh-
boring object and is not hung in the air, determine that
the measuring circuit can measure an electrocardio-
graphic signal of the neighboring object.

7. The heart rate meter of claim 6, wherein when the DC
output signal is less than a predetermined voltage, the con-
troller is configured to determine that the sensing circuitis not
hung in the air.

8. The heart rate meter of claim 6, wherein when the prox-
imity output signal indicates that a predetermined distance is
not exceeded, the controller is configured to determine
whether the sensing circuit is close to the neighboring object.

9. The heart rate meter of claim 6, wherein the pulse sensor
and the proximity sensor are disposed alongside one another
on a sensing circuit.

10. The heart rate meter of claim 6, wherein when the
sensing circuit is not close to the neighboring object or hung
in the air, the controller is configured to determine that the
measuring circuit cannot measure an electrocardiographic
signal of the neighboring object.
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