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(7) ABSTRACT

A wearable electrocardiogram measurement device and a
method for compressing an electrocardiogram are disclosed.
A heart detection unit detects a heart activity status of a
human body to obtain electrocardiogram data. A processor
of a portable host proceeds with bandwidth decomposition
and quantization by using quantization scales to obtain
quantized results. An integer part of each quantized result is
set as a quantized datum. A decimal portion of each quan-
tized result is set as a truncated error datum. Fach quanti-
zation scale is multiplied by a corresponding truncated error
datum to obtain a product. If a distortion value obtained by
adding the products fulfills a distortion default value range,
the quantized data are encoded to obtain compressed elec-
trocardiogram data for storage in a data storage unit of the
host. If the distortion value does not fulfill the distortion
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WEARABLE ELECTROCARDIOGRAM
MEASUREMENT DEVICE AND METHOD
FOR COMPRESSING AN
ELECTROCARDIOGRAM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a measurement
device and a data compressing method and, more particu-
larly, to a wearable electrocardiogram measurement device
and a method for compressing an electrocardiogram.
[0002] The heart is the most important and the most
complicated organ among the human organs. With the
development of technology, the operation and beating of the
heart can be observed through instruments to judge whether
abnormal heart conditions occur. An electrocardiogram
(ECG) obtained by measuring the heart beating is one of the
major judgement bases. To accurately capture the heart
activity status, a 12-lead system (namely, 12-lead ECG)
utilizes 12 leads on the front side and the horizontal plane to
record the electrophysical activity of the heart from 12
different directions, obtaining 12 electrocardiogram data.
Thus, a doctor can observe the operating pattern of the
cardiac electrical pulses from 12 different angles to judge the
heart activity status or to judge the causes of heart disease.
[0003] However, the electrocardiograms requires a long
period of time of observation and recording plus measure-
ment of the heart beating conditions from 12 different
directions, the overall data is huge and occupies a consid-
erable space of a hard disc. It is, thus, an important issue in
preventing data distortion after compressing and decom-
pressing while providing a better amount of compression.
The value of the percentage root mean square difference
(PRD) is the index of distortion and is preferably between
2% and 7%.

[0004] FIG. 3 is a diagrammatic block diagram illustrating
a conventional method for compressing electrocardiogram
data. A PRD value (the target value) is preset before the
measurement. After the electrocardiogram data have under-
gone bandwidth decomposition, quantization, error control,
and encoding, since the PRD value after decompression
must fulfill the preset value, decoding analysis, inverse
quantization, and inverse bandwidth decomposition must be
conducted to compare the compressed data with the original
data for judging whether the PRD is within 5% fluctuation
range of the target value. After compression, since decoding
analysis, inverse quantization, and inverse bandwidth
decomposition must be carried out to permit comparison of
the PRD value, the data compressing takes a long time and,
thus, increases the burden to the processor. Furthermore,
since obtaining the electrocardiogram data requires a con-
siderable time for continuously observing the heart activity
status, the patient must stay in the hospital for a long period
of time, which is extremely inconvenient.

[0005] Thus, a need exists for a method for obtaining the
electrocardiogram data without affecting the living of the
patient. Furthermore, the PRD comparison can be proceeded
while carrying out bandwidth decomposition, quantization,
error control, and encoding. Thus, about half of the data
compressing time can be saved to reduce the burden to the
instrument.

BRIEF SUMMARY OF THE INVENTION

[0006] In an aspect, a wearable electrocardiogram mea-
surement device includes a heart detection unit and a host.
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The heart detection unit is adapted to be mounted to a skin
of a human body for detecting an activity status of a heart of
the human body to obtain electrocardiogram data. The host
is portable by a user and includes a data storage unit and a
processor. The data storage unit is configured to store
compressed electrocardiogram data. The processor is elec-
trically connected to the heart detection unit and the data
storage unit. First, second, and third electrocardiogram com-
pressing programs and a distortion default value are written
into the processor.

[0007] The first electrocardiogram compressing program
is executable by the processor to proceed with bandwidth
decomposition of sensed data obtained from the heart detec-
tion unit, obtaining a plurality of bandwidth data.

[0008] The second electrocardiogram compressing pro-
gram is executable by the processor to proceed with quan-
tization of the plurality of bandwidth data respectively by
using a plurality of quantization scales to obtain a plurality
of quantized results. An integer part of each of the plurality
of quantized results is set as a quantized datum. A decimal
portion of each of the plurality of quantized results is set as
a truncated error datum. Each of the plurality of quantization
scales is multiplied by a corresponding truncated error
datum to obtain a product, and a distortion value is obtained
by adding the products.

[0009] When the distortion value is not larger than the
distortion default value or fulfills a distortion default value
range, the third electrocardiogram compressing program is
executed.

[0010] When the distortion value is larger than the distor-
tion default value or does not fulfill the distortion default
value range, a value represented by each of plurality of
quantization scales is changed, and the second electrocar-
diogram compressing program is re-executed.

[0011] The third electrocardiogram compressing program
is executable by the processor to encode the quantized data
to obtain the compressed electrocardiogram data, and the
compressed electrocardiogram data are sent to the data
storage unit for storage.

[0012] The plurality of bandwidth data can include a first
level bandwidth datum and a second level bandwidth datum.
Data of a filter matrix can be written into the processor. The
first electrocardiogram compressing program is executable
by the processor to multiply the sensed data by the filter
matrix to obtain the first level bandwidth datum and the
second level bandwidth datum.

[0013] A quantization scale program can be written into
the processor. The quantization scale program is executable
by the processor. Each of the plurality of quantization scales
corresponds to a quadratic equation with one unknown. A
quantization scale factor is selected to obtain the plurality of
quantization scales by using each quadratic equation with
one unknown.

[0014] The host can further include an antenna unit per-
mitting transmission of the compressed electrocardiogram
data to a cloud server.

[0015] In a second aspect, a method for compressing an
electrocardiogram includes:

[0016] (A) proceeding with bandwidth decomposition of
electrocardiogram data to obtain a plurality of bandwidth
data;

[0017] (B) using a plurality of quantization scales to
proceed with respective quantization of the plurality of
bandwidth data to obtain a plurality of quantized results,



US 2017/0055914 Al

with an integer part of each of the plurality of quantized
results being set as a quantized datum, with a decimal
portion of each of the plurality of quantized results being set
as a truncated error datum, and proceeding with an error
control in which each of the plurality of quantization scales
is multiplied by a corresponding truncated error datum to
obtain a product, and a distortion value is obtained by adding
the products, wherein when the distortion value is not larger
than the distortion default value or fulfills a distortion
default value range, a step (C) is executed, wherein when the
distortion value is larger than the distortion default value or
does not fulfill the distortion default value range, a value
represented by each of plurality of quantization scales is
changed, and the step (B) is re-executed; and

[0018] encoding the quantized data to obtain compressed
electrocardiogram data.

[0019] In the step (A), the plurality of bandwidth data can
include a first level bandwidth datum and a second level
bandwidth datum, and the electrocardiogram data is multi-
plied by a filter matrix to obtain the first level bandwidth
datum and the second level bandwidth datum.

[0020] Inthe step (B), each of the plurality of quantization
scales corresponds to a quadratic equation with one
unknown, and a quantization scale factor is selected to
obtain the plurality of quantization scales by using each
quadratic equation with one unknown.

[0021] The present invention will become clearer in light
of the following detailed description of illustrative embodi-
ments of this invention described in connection with the
drawings.

DESCRIPTION OF THE DRAWINGS

[0022] FIG.11is a diagrammatic block diagram illustrating
amethod for compressing an electrocardiogram according to
the present invention.

[0023] FIG. 2 is a diagrammatic block diagram illustrating
the connection between elements of a wearable electrocar-
diogram measurement device according to the present
invention.

[0024] FIG. 3 is a diagrammatic block diagram illustrating
a conventional method for compressing electrocardiogram
data.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] With reference to FIGS. 1 and 2, a wearable
electrocardiogram measurement device according to the
present invention includes a heart detection unit 1. The heart
detection unit 1 is adapted to be mounted to a skin of a
human body for detecting an activity status of a heart of the
human body to obtain electrocardiogram data. Since the
heart includes left and right ventricles and left and right
atria, to know the whole activity status of the heart, the heart
detection unit 1 preferably includes 12 sub-detection units
mounted to different portions of the human body, such as the
arms, the ribs, etc., to observe the hear activity from different
directions and different angles. The sensed results of the
sub-detection units together form an electrocardiogram.

[0026] The wearable electrocardiogram measurement
device further includes a host 2 portable by a user. The host
2 includes a data storage unit 21 and a processor 22. The data
storage unit 21 is configured to store compressed electro-
cardiogram data. The processor 22 is electrically connected
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to the heart detection unit 1 and the data storage unit 21. A
distortion default value and first, second, and third electro-
cardiogram compressing programs are written into the pro-
cessor 22. The distortion default value can be set by an input
unit electrically connected to the processor 22 or can be a
basic setting during manufacture of the host 2. Academi-
cally, the percentage root mean square difference (PRD)
means the distortion of the electrocardiogram is within 5%
fluctuation range of the preset value. Considering the dis-
tortion of the electrocardiogram and the storage capacity, the
distortion default value is preferably between 2% and 7%.

[0027] The first, second, and third electrocardiogram com-
pressing programs will now be set forth hereinafter.

[0028] Firstly, the first electrocardiogram compressing
program is executable by the processor 22 to proceed with
bandwidth decomposition. The decomposition uses integer
arithmetic operation, such that the sensed data obtained from
the heart detection unit 1 is decomposed to obtain a plurality
of bandwidth data. The bandwidth data includes a first level
bandwidth datum and a second level bandwidth datum. Note
that the bandwidth data can include first to eleventh level
bandwidth data to provide the electrocardiogram with better
compression performance.

[0029] The bandwidth decomposition can use recursive
wavelet transform. The sensed data are multiplied by a first
level transform matrix to obtain the first level bandwidth
datum, and the first level bandwidth datum is multiplied by
a second level transform matrix to obtain the second level
bandwidth datum, and so on. The first bandwidth datum to
the eleventh bandwidth datum can be obtained. While using
the recursive wavelet transform to proceed with bandwidth
decomposition, the decimal part of each bandwidth datum is
not deleted, each bandwidth datum has large bits. After
sequentially obtaining each bandwidth datum, such that the
bits of the bandwidth data accumulate to a huge amount. If
the decimal part of each bandwidth datum is deleted during
the recursive wavelet transform, deletion of the bandwidth
data causes an error amount. After sequentially obtaining
bandwidth datum, the error amount is amplified continu-
ously, resulting in difficulties in controlling the compression
quality of the electrocardiogram.

[0030] In an embodiment of the present invention, the
bandwidth data includes a first bandwidth datum and a
second bandwidth datum. Data of a filter matrix are written
into the processor. The first electrocardiogram compressing
program is executable by the processor to multiply the
sensed data by the filter matrix to obtain the first level
bandwidth datum and the second level bandwidth datum.
The product of the sensed data and the filter matrix is not
limited to simultaneously obtain the first bandwidth datum
and the second bandwidth datum. For example, the product
of the sensed data and the filter matrix can simultaneously
obtain the first to eleventh bandwidth data.

[0031] Inthe present invention, the conventional recursive
wavelet transform is used as a basis to integrate the trans-
form matrix of each level required by the bandwidth data
into a filter matrix. Thus, the present invention also uses a
non-recursive wavelet transform. Specifically, a filter matrix
program is written into the processor 22 and can be used by
the processor 22 to obtain the filter matrix based on the
product of a first level transform matrix and a second level
transform matrix. For example, the first level transform
matrix can be as follows:
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10001 0 0 0
1000-1 0 0 0
01000 1 0 0
01000 -1 0 0
00100 0 1 0
00100 0 -10
0001 0 0 0 1
0001 0 0 0 -1

[0032] The second level transform matrix can be as fol-
lows:

1o 1 0

10-10

01 0 1

01 0 -1
[0033] To obtain the first level bandwidth datum and the

second level bandwidth datum, the processor 22 picks up a
low frequency matrix in the first level transform matrix and
a high frequency matrix in the second level transform
matrix. The low frequency matrix in the first level transform
matrix is as follows:

[ R R = = R = R ]
[ e e S s Y e S o Y e S e

o O O O O O =
=N ol el el = -]

[0034] The high frequency matrix in the second level
transform matrix is as follows:

[0035] The filter matrix is obtained by multiplying the low
frequency matrix and the high frequency matrix. The first
bandwidth datum and the second bandwidth datum are
obtained after multiplying the sensed data by the filter
matrix. Likewise, if it is desired to obtain the first to eleventh
bandwidth datum or the bandwidth datum of any level, the
above approach can be used to obtain the filter matrix, and
the sensed data is multiplied by the filter matrix.

[0036] Thus, in comparison with the recursive wavelet
transform, each bandwidth datum in the above embodiment
has fewer bits to reduce the overall distortion after quanti-
zation of each bandwidth datum. Furthermore, the operation
amount of the processor 22 is reduced to increase the
efficiency and to save electricity.
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[0037] The second electrocardiogram compressing pro-
gram is executable by the processor 22 to proceed with
quantization and error control. a plurality of quantization
scales is used to proceed with quantization of the bandwidth
data respectively to obtain a plurality of quantized results.
The integer part of each quantized result is set as a quantized
datum. The decimal portion of each quantized result is set as
a truncated error datum. Each quantization scale is multi-
plied by a corresponding truncated error datum to obtain a
product, and a distortion value is obtained by adding the
products.

[0038] When the distortion value is not larger than the
distortion default value or fulfills a distortion default value
range, the processor 22 executes the third electrocardiogram
compressing program. On the other hand, when the distor-
tion value is larger than the distortion default value or does
not fulfill the distortion default value range, the processor 22
changes a value represented by each quantization scale and
re-executes the second electrocardiogram compressing pro-

gram.

[0039] Each bandwidth datum corresponds to a quantiza-
tion scale. For example, the first bandwidth datum corre-
sponds to a first level quantization scale, the second band-
width datum corresponds to a second level quantization
scale, and so on. When the processor 22 executes the second
electrocardiogram compressing program and changes the
value represented by each quantization scale for the pur-
poses to make the distortion value not larger than the
distortion default value or fulfill the distortion default value
range, the processor 22 has to spend plenty of time to
continuously change the value represented by each quanti-
zation scale. To solve this drawback, a quantization scale
program is written into the processor 22. Each quantization
scale corresponds to a quadratic equation with one
unknown. A quantization scale factor is selected to obtain
the quantization scales by using each quadratic equation
with one unknown.

[0040] For example, the relationships between the first
level quantization scale Q,, the second level quantization
scale Q,, and the quantization scale factor Q. are as follows:

0,=4, FZ+BI )7+C), and QZ:AZQFZ"'BZQF"CZ

[0041] wherein Al, A2, B1, B2, Cl, and C2 are coeffi-
cients.
[0042] Thus, the processor 22 can use a quantization scale

to obtain the first level quantization scale and the second
level quantization scale. The other level quantization scales
can be obtained similarly. Thus, when the distortion value is
larger than the distortion default value or does not fulfill the
distortion default value range, the processor 22 can simply
change the value of the quantization scale factor to obtain
the quantization scale of each level. Thus, the processor 22
have a better processing efficiency while changing each
quantization scale.

[0043] The third electrocardiogram compressing program
is executable by the processor 22 to encode the quantized
data to obtain the compressed electrocardiogram data. The
compressed electrocardiogram data are sent to the data
storage unit for storage.



US 2017/0055914 Al

[0044] The present invention includes several advantages:
[0045] (1) Easy Use
[0046] The volume of the host 2 makes it portable by a

patient. Namely, the electrocardiogram of the patient can be
obtained anytime and anywhere without staying in the
hospital.

[0047] (2) Short Compression Time

[0048] The integer arithmetic operation is used when
executing the second electrocardiogram compressing pro-
gram to proceed with quantization and error control to
obtain the quantization scales and the truncated error data.
The quantization scales and the truncated error data undergo
the PRD test while the second electrocardiogram compress-
ing program is proceeding with encoding.

[0049] Each quantization scale is multiplied by a corre-
sponding truncated error datum to obtain a product, and the
distortion value is obtained by adding the products. The
distortion value is examined to identify whether the distor-
tion value fulfills the distortion default value, assuring the
compressed electrocardiogram data have a better PRD. This
step can be referred to as the PRD mechanism. Thus, the
present invention only has to proceed with bandwidth
decomposition, quantization, error control, and encoding to
obtain the electrocardiogram compressed data. In compari-
son with the conventional method for compressing the
electrocardiogram (FIG. 3) utilizing float point operation
that further requires inverse bandwidth decomposition,
inverse quantization, and decoding analysis, half time is
saved by the present invention. Thus, the processor 22 of the
present invention has a low burden and operates at fast
speed, saving the energy.

[0050] (3) Only One Quantization Scale Factor is Suffi-
cient to Obtain the Quantization Scales for Proceeding with
the Error Control.

[0051] In the conventional error control, the quantization
scales are adjusted independently, such that each bandwidth
has an independent quantization scale. When adjustment of
the quantized result of each bandwidth is desired, each
quantization scale must be modulated, such that the whole
error control is complicated and less efficient. By contrast,
the present invention utilizes only one quantization scale
factor to obtain the quantization scales. Thus, the processor
22 has better processing efficiency in changing each quan-
tization scale. Furthermore, the non-recursive wavelet trans-
form is used as a basis when the first electrocardiogram
compressing program is executed in the present invention,
such that the PRD and the quantization scales are in a linear
relationship. Thus, the quantization scales can rapidly be
adjusted to fulfil the setting of the PRD while proceeding
with error control, increasing the overall operating effi-
ciency.

[0052] To permit the doctor to immediately know the heart
activity status of the patient, the host 2 can further include
an antenna unit 23. The antenna unit 23 permits the com-
pressed electrocardiogram data to be transmitted to a cloud
server.

[0053] With reference to FIG. 1, a method for compressing
an electrocardiogram according to the present invention
includes:

[0054] (A) proceeding with bandwidth decomposition of
electrocardiogram data to obtain a plurality of bandwidth
data;

[0055] (B) using a plurality of quantization scales to
proceed with respective quantization of the plurality of
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bandwidth data to obtain a plurality of quantized results,
with an integer part of each of the plurality of quantized
results being set as a quantized datum, with a decimal
portion of each of the plurality of quantized results being set
as a truncated error datum, and proceeding with an error
control in which each of the plurality of quantization scales
is multiplied by a corresponding truncated error datum to
obtain a product, and a distortion value is obtained by adding
the products, wherein when the distortion value is not larger
than the distortion default value or fulfills a distortion
default value range, a step (C) is executed, wherein when the
distortion value is larger than the distortion default value or
does not fulfill the distortion default value range, a value
represented by each of plurality of quantization scales is
changed, and the step (B) is re-executed; and
[0056] encoding the quantized data to obtain compressed
electrocardiogram data.
[0057] In step (A), the plurality of bandwidth data
includes a first level bandwidth datum and a second level
bandwidth datum, and the electrocardiogram data is multi-
plied by a filter matrix to obtain the first level bandwidth
datum and the second level bandwidth datum.
[0058] In step (B), each of the plurality of quantization
scales corresponds to a quadratic equation with one
unknown, and a quantization scale factor is selected to
obtain the plurality of quantization scales by using each
quadratic equation with one unknown.
[0059] The advantages, features, and implantation of the
method for compressing an electrocardiogram according to
the present invention are substantially the same as those set
forth in the above in connection with the wearable electro-
cardiogram measurement device according to the present
invention.
[0060] Although specific embodiments have been illus-
trated and described, numerous modifications and variations
are still possible without departing from the scope of the
invention. The scope of the invention is limited by the
accompanying claims.
1. A wearable electrocardiogram measurement device
comprising:
a heart detection unit adapted to be mounted to a skin of
a human body for detecting an activity status of a heart
of the human body to obtain electrocardiogram data;
and
a host portable by a user, with the host including a data
storage unit and a processor, with the data storage unit
configured to store compressed electrocardiogram data,
with the processor electrically connected to the heart
detection unit and the data storage unit, and with first,
second, and third electrocardiogram compressing pro-
grams and a distortion default value being written into
the processor,
with the first electrocardiogram compressing program
executable by the processor to proceed with bandwidth
decomposition of sensed data obtained from the heart
detection unit, obtaining a plurality of bandwidth data,
with the second electrocardiogram compressing program
executable by the processor to proceed with quantiza-
tion of the plurality of bandwidth data respectively by
using a plurality of quantization scales to obtain a
plurality of quantized results, with an integer part of
each of the plurality of quantized results being set as a
quantized datum, with a decimal portion of each of the
plurality of quantized results being set as a truncated



US 2017/0055914 Al

error datum, with each of the plurality of quantization
scales multiplied by a corresponding truncated error
datum to obtain a product, and with a distortion value
obtained by adding the products,

wherein when the distortion value is not larger than the

distortion default value or fulfills a distortion default
value range, the third electrocardiogram compressing
program is executed,

wherein when the distortion value is larger than the

distortion default value or does not fulfill the distortion
default value range, a value represented by each of
plurality of quantization scales is changed, and the
second electrocardiogram compressing program is re-
executed, and

wherein the third electrocardiogram compressing pro-

gram is executable by the processor to encode the
quantized data to obtain the compressed electrocardio-
gram data, and the compressed electrocardiogram data
are sent to the data storage unit for storage.

2. The wearable electrocardiogram measurement device
as claimed in claim 1, with the plurality of bandwidth data
including a first level bandwidth datum and a second level
bandwidth datum, with data of a filter matrix written into the
processor, with the first electrocardiogram compressing pro-
gram executable by the processor to multiply the sensed data
by the filter matrix to obtain the first level bandwidth datum
and the second level bandwidth datum.

3. The wearable electrocardiogram measurement device
as claimed in claim 2, with a quantization scale program
being written into the processor, with the quantization scale
program executable by the processor, wherein each of the
plurality of quantization scales corresponds to a quadratic
equation with one unknown, and wherein a quantization
scale factor is selected to obtain the plurality of quantization
scales by using each quadratic equation with one unknown.

4. The wearable electrocardiogram measurement device
as claimed in claim 1, with the host further including an
antenna unit, and with the antenna unit permitting transmis-
sion of the compressed electrocardiogram data to a cloud
server.
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5. A method for compressing an electrocardiogram, com-
prising:

(A) proceeding with bandwidth decomposition of elec-
trocardiogram data to obtain a plurality of bandwidth
data;

(B) using a plurality of quantization scales to proceed
with respective quantization of the plurality of band-
width data to obtain a plurality of quantized results,
with an integer part of each of the plurality of quantized
results being set as a quantized datum, with a decimal
portion of each of the plurality of quantized results
being set as a truncated error datum, and proceeding
with an error control in which each of the plurality of
quantization scales is multiplied by a corresponding
truncated error datum to obtain a product, and a dis-
tortion value is obtained by adding the products,
wherein when the distortion value is not larger than the
distortion default value or fulfills a distortion default
value range, a step (C) is executed, wherein when the
distortion value is larger than the distortion default
value or does not fulfill the distortion default value
range, a value represented by each of plurality of
quantization scales is changed, and the step (B) is
re-executed; and

encoding the quantized data to obtain compressed elec-
trocardiogram data.

6. The method for compressing an electrocardiogram as
claimed in claim 5, wherein in the step (A), the plurality of
bandwidth data includes a first level bandwidth datum and a
second level bandwidth datum, and the electrocardiogram
data is multiplied by a filter matrix to obtain the first level
bandwidth datum and the second level bandwidth datum.

7. The method for compressing an electrocardiogram as
claimed in claim 6, wherein in the step (B), each of the
plurality of quantization scales corresponds to a quadratic
equation with one unknown, and a quantization scale factor
is selected to obtain the plurality of quantization scales by
using each quadratic equation with one unknown.
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