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IMAGE BASED BLOOD PRESSURE
MONITORING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an image based
blood pressure monitoring method, particularly to a method
of using an image method to monitor the blood pressure, and
no need to contact human body directly.

2. Description of the Prior Art

[0002] 1In the conventional techniques, the common physi-
ological monitoring instruments for measuring the health
state of testee need to use wire to connect the sensor to the
body of testee generally. With a long time, it is quite
uncomfortable and inconvenient. However, as for contact-
less monitoring device, the price is very high and hard to
obtain, which will not be suitable to be used at home or by
the individual person.

[0003] With the gradual progress of mobile operation
method, the efficiency of intelligent handheld device
becomes better and better. [n order to make the pulse
measurement more convenient and more comfortable, in
fact, the application program has been developed on the
intelligent handheld device at present, to achieve the use of
contactless image pulse measurement method.

[0004] In the abovementioned technique, the user needs
not to wear any sensor again. Only need to place the
intelligent handheld device on face or palm of user, it will be
able to start tracking the region of interest (ROI) in the face
image. That is, to use the camera to spot the variation of
image luminance on human skin, and then extract the image
in the region of interest as the signal.

[0005] Recent years have seen increased attention been
given to pulse monitoring. Among all kinds of measure-
ments, the monitoring way based on pulse transit time (PIT)
have gain plenty of attention due to its continuous and
non-touch features. In addition, several studies proposed a
fancy method to estimate photoplethysmography (PPG)
signal simply via a regular webcam, in order to finish pulse
monitoring.

[0006] For most testees, the difficulty in regular home
pulse measurement may result from the bulky and uncom-
fortable measuring process. Up to present, commonly used
pulse monitors can be classified into the following three
classes:

[0007] (a) invasive and continuous monitoring;

[0008] (b) noninvasive and intermittent monitoring; and
[0009] (c) noninvasive and continuous monitoring.
[0010] Firstly, with invasive arterial line, (a) invasive and

continuous pulse monitors can measure pulse most accu-
rately. Nonetheless apart from the specific requirement for
equipment, the stabbing pain of acupuncture makes this
technique difficult to be accepted by patients.

[0011] Secondly, type of (b) noninvasive and intermittent
monitor frequently utilizes stethoscope or mercury sphyg-
momanometer or electronic sphygmomanometer. Although
these devices are not invasive and easy to use, an inflatable
cuff in necessary, which may give rise to discomfort of arm
during measurement. Additionally, devices based on these
two principles can only provide intermittent measurement.
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[0012] Lastly (c) noninvasive and continuous monitors are
commonly developed using the volume clamp method or
plus transit time (PTr), which have gain plenty of attention.
However, the clamp may bring about discomfort and the
accuracy may be controversial.

[0013] To address the abovementioned problems, it is
necessary to develop a contactless monitoring technique, to
display the wave form value of pulse real time, and monitor
the amplitude frequency phase of testee’s pulse, and sense
the micro topographical variation of body remotely.

SUMMARY OF THE INVENTION

[0014] The embodiment of the present invention provides
an image based blood pressure monitoring method, com-
prising: acquiring at least a human image information of at
least a human skin area, to obtain a human image informa-
tion; according to the human image information to locate at
least a Region of Interest (ROI); extracting the human image
information of the Region of Interest (ROI), and calculate to
obtain an average value of the human image information;
filtering the average value of the human image information,
to remove the noise in order to obtain a filtered signal,
detecting the filtered signal, to obtain a plural of feature
points of the filtered signal; calculating an image pulse
transmit time of the filtered signal, and calculating an
inter-beat interval of the filtered signal; and employ predic-
tion model, which could be k-nearest neighbor (kNN) or
neural net model, accord with the specific time interval,
which could be image pulse transit time (iPTT) and inter-
beat interval (IBI), as the input parameters, to calculate a
systolic pressure (SBP) value and a diastolic pressure value,
wherein when said systolic pressure (SBP) value is smaller
than specific lower bound or greater than specific higher
bound, said systolic pressure (SBP) value will be removed.

[0015] In the aforesaid preferred embodiment, the human
image information is a color image, the average value of
human image information is a combination of single-chan-
nel or multi-channels average value, which includes but not
limited to g-Trace, a green channel average value.

[0016] In the aforesaid preferred embodiment, the steps
for the k-nearest neighbor prediction model according to the
calculate the specific time interval including image Pulse
Transit Time and the inter-beat interval to calculate the
systolic pressure value and the diastolic pressure value
further include a transfer learning of the k-nearest neighbor
prediction model based on a MIMIC 1I database.

[0017] In the aforesaid preferred embodiment, which fur-
ther comprises when the systolic pressure value is smaller
than 80 mmHg or greater than 190 mmHg, the systolic
pressure value will be removed. Thus, wherein, the specific
lower bound ranges from 60 mmHg to 90 mmHg and the
specific higher bound ranges from 170 mmHg to 210 mmHg
respectively.

[0018] In the aforesaid preferred embodiment, which fur-
ther comprises when the diastolic pressure value is smaller
than 50 mmHg or greater than 120 mmHg, the diastolic
pressure value will be removed.

[0019] In the aforesaid preferred embodiment, the steps
for the transfer learning of k-nearest neighbor prediction
model] based on a MIMIC II database further comprise:
making the distribution of systolic pressure value and dia-
stolic pressure value consistent through the multiple-scale
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entropy (MSE); and eliminating the image Pulse Transit
Time with bias and variation through the standard score
(Z-score).

[0020] In the aforesaid preferred embodiment, the region
of interest (ROI) is the skin region of palm and face.
[0021] In the aforesaid preferred embodiment, a finite
impulse response (FIR) filter is employed to filter the noise
for the average value of the image information.

[0022] In the aforesaid preferred embodiment, the cut-off
frequency of the finite impulse response filter is 45 bpm to
180 bpm.

[0023] In the aforesaid preferred embodiment, the inter-
beat interval (IBI) can be used to calculate the heart rate
value.

[0024] In order to further understand the features and
technological content of the present invention, please refer
to the following detailed description and attached figures of
the present invention. Nevertheless, the attached figures are
used for reference and description, which are not used for
limiting the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The foregoing aspects and many of the attendant
advantages of this invention will become more readily
appreciated as the same becomes better understood by
reference to the following detailed description, when taken
in conjunction with the accompanying drawings, wherein:
[0026] FIG. 1 illustrates a flowchart of image based blood
pressure monitoring method of the present invention;
[0027] FIG. 2 illustrates an image based blood pressure
monitoring device of the present invention;

[0028] FIG. 3 illustrates the green channel average value
(g-Trace) and the filtered signal (F1 or F2) of the present
invention; and

[0029] FIG. 4 illustrates the feature points of the present
invention.
DESCRIPTION OF THE PREFERRED
EMBODIMENT
[0030] In the following context, the specific embodiments

are used to describe the image based blood pressure moni-
toring method of the present invention. The people who are
familiar to this art can understand the advantages and
efficacies of the present invention easily from the content
disclosed in this article. The present invention can also be
implemented or applied by other different embodiments.
Every detail in this article can also be modified and changed
based on different viewpoints and applications without vio-
lating the spirit of the present invention. In addition, the
figures in the present invention are only brief description,
and they are not drawn in actual dimension to reflect the
actual size. The following description of preferred embodi-
ment describes the viewpoint of the present invention in
more detail, which will not limit the scope of the present
invention by any viewpoint.

[0031] Please refer to FIG. 1 and FIG. 2. FIG. 1 illustrates
a flowchart of image based blood pressure monitoring
method of the present invention, and FIG. 2 illustrates an
image based blood pressure monitoring device of the present
invention.

[0032] The image based blood pressure monitoring
method of the present invention comprises the following
steps of FIG. 1 and FIG. 2. As shown in FIG. 2, the image
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acquisition unit 204 takes the image of human body 202, and
the image acquisition unit 204 tracks at least a region of
interest (ROI) T1 (or a target image T2 in ROI dT2) in
human image information dT1.

[0033] As shown in Step S102 of FIG. 1, use the image
acquisition unit 204 to acquire the image of skin region of
human body 202, acquire at least a human image to obtain
a human image information.

[0034] As shown in Step S104 of FIG. 1, according to the
human image information locate at least a ROIL In the
embodiment, the ROI is face ROI dT2 and palm ROI dT1.
The ROI of the present invention is not limited to these parts,
which can be any exposed skin of human body.

[0035] As shown in Step S106 of FIG. 1, extract the
human image information of the ROI, and calculate an
average value of the human image information.

[0036] As shown in FIG. 2. acquire the palm image
information T1 of the palm ROI dT1 and the face image
information T2 of the face ROI dT2, respectively. The palm
ROI dT1 and the face ROI dT2 is a region with 20x20
pixels.

[0037] In the embodiment of the present invention, the
human image information is a color image. Because a small
fraction of incident light (<5%) will be absorbed by the
microvascular network, the variation of blood capacity can
be monitored through monitoring the pulse signal via the
image acquisition unit 204. In addition, in the three color
channels composed of the image, the highest ac/dc ratio in
light reflected from skin can be obtained via the color
variation of g-Trace. Thus, the g-Trace of palm ROI dT1 and
face ROI dT2 is used as the tracking value. Although the
quantization noise is preliminary filtered after taking the
average of each frame, there are still some other sources of
noise (e.g. motion of subject, variation of ambient light). The
average value of the human image information is a combi-
nation of single-channel or multi-channels average value,
which includes but not limited to g-Trace.

[0038] 1In Step S102 to Step S108 of FIG. 1, it shows the
image photoplethysmography (iPPG) signal recovery
method of the present invention.

[0039] As shown in Step S108 of FIG. 1, a signal enhance-
ment filter, which could be a finite impulse response filter, is
used to filter the average value of palm image information
T1 and face image information T2, respectively. The noise
of palm image information T1 and face image information
T2 is filtered, to obtain the palm filtered signal F1 and the
face filtered signal F2. The cut-off frequency of finite
impulse response filter is 45 bpm to 180 bpm, as shown in
FIG. 3. It is known that FIG. 3 illustrates the green channel
average value (g-Trace) and the filtered signal (F1 or F2) of
the present invention.

[0040] As shown in Step S110 of FIG. 1, detect the filtered
signal to obtain a plural of feature points of the filtered
signal. The feature points are obtained from making a
differential analysis of palm filtered signal F1 and face
filtered signal F2, as shown in FIG. 4. It is known that FIG.
4 illustrates the feature points of the present invention.
[0041] In Step S112 of FIG. 1, calculate the specific time
interval, which includes but not limited to image pulse
transit time (iPTT) of filtered signal, or the inter-beat inter-
val (IBI) of filtered signal.

[0042] In Step S114 of FIG. 1, calculate an image pulse
transit time (iPTT) of filtered signal, and calculate an
inter-beat interval (IBI) of filtered signal.
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[0043] 1In Step S116 of FIG. 1, employ the specific pre-
diction model, which includes but not limited to k-nearest
neighbor (kNN) or neural net model, accord with the image
pulse transit time (iPTT) and inter-beat interval (IBI) as the
input parameters, to calculate a systolic pressure value and
a diastolic pressure value, wherein when said systolic pres-
sure (SBP) value is smaller than specific lower bound or
greater than specific higher bound, said systolic pressure
(SBP) value will be removed.

[0044] In an preferred embodiment of the present inven-
tion, in Step S116 of FIG. 1 for employing the k-nearest
neighbor (kNN) prediction model, and according with the
image pulse transit time (iPTT) and inter-beat interval (IBI)
as the input parameters, to calculate a systolic pressure
(SBP) value and a diastolic pressure (DBP) value, which
further comprises that the k-nearest neighbor method (kNN)
prediction model uses a MIMIC 1I database as a basis to
carry on a transfer learning. It has to note that the MIMIC
11 database is one of the biggest physiological databases in
the world. The information comprises: surgery, neonate, and
coronary artery care etc. In the present invention, the palm
signal (PPG), face signal (ABP) and electro-cardiogram
signal (ECG) can be utilized.

[0045] In Step S116 of FIG. 1, in order to remove the
abnormal value from the collected information, when the
systolic pressure (SBP) value is smaller than specific lower
bound, 80 mmHg, or greater than specific higher bound, 190
mmHg, the SBP value will be removed, and when the
diastolic pressure (DBP) value is smaller than specific lower
bound, 50 mmHg, or greater than specific higher bound, 120
mmHg, the DBP will be removed. Thus, wherein, wherein
said specific lower bound ranges from 40 mmHg to 60
mmHg and said specific higher bound ranges from 110
mmHg to 130 mmHg respectively.

[0046] In Step S116 of FIG. 1, the steps for the transfer
learning of k-nearest neighbor prediction model based on a
MIMIC 1I database further comprises:

[0047] In Step S116 of FIG. 1, making the distribution of
systolic pressure (SBP) value and diastolic pressure (DBP)
value consistent through the multiple-scale entropy (MSE);
and eliminating the image pulse transit time (PT) with bias
and variation through the standard score (Z-score). Upon
using the MIMIC 11 database, it is unable to obtain the
measured palm signal (PPG), face signal (ABP). In addition,
the pulse transmit time will have great difference due to
different position of signal source. Although the absolute
pulse transmit time between two domains is completely
different, a shorter PTT will display higher BP. It is to say
consuming time still has some meaning, and only the bias in
different domain can be eliminated. In view of this, the
standard score (Z-score) can be utilized to eliminate the
influence of bias on each feature.

[0048] In another embodiment of the present invention,
after Step S112 of FIG. 1, it further comprises Step S1122,
wherein the heart rate (HR) value can be calculated in
accordance with the inter-beat interval (IBI).

[0049] It is understood that various other modifications
will be apparent to and can be readily made by those skilled
in the art without departing from the scope and spirit of the
invention. Accordingly, it is not intended that the scope of
the claims appended hereto be limited to the description as
set forth herein, but rather that the claims be construed as
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encompassing all the features of patentable novelty that
reside in the present invention, including all features that
would be treated as equivalents thereof by those skilled in
the art to which the invention pertains.

What is claimed is:

1. an image based blood pressure monitoring method,
comptrising:

acquiring at least a human image information of at least

a human skin area, to obtain a human image informa-
tion;

according to said human image information to locate at

least a region of interest (ROI);

extracting the human image information of said ROI, and

calculate to obtain an average value of said human
image information;

filtering said average value of said human image infor-

mation, to remove a noise in order to obtain a filtered
signal,

detecting said filtered signal, to obtain a plural of feature

points of said filtered signal;

calculating an specific time interval of said filtered signal;

and

employ a specific prediction model, according with said

specific time interval as an input parameters, to calcu-
late a systolic pressure (SBP) value and a diastolic
pressure (DBP) value.

2. The image based blood pressure monitoring method
according to claim 1, wherein said human image informa-
tion is a color image, said average value of said human
image information as a combination of single-channel or
multi-channels average value.

3. The image based blood pressure monitoring method
according to claim 1, wherein said specific prediction model
utilized comprises a k-nearest neighbor predictor.

4. The image based blood pressure monitoring method
according to claim 1, wherein said specific prediction model
utilized comprises a neural net predictor.

5. The image based blood pressure monitoring method
according to claim 1, wherein said specific time interval
comprises obtained pulse transit time.

6. The image based blood pressure monitoring method
according to claim 1, wherein said specific time interval
obtained comprises an inter-beat interval.

7. The image based blood pressure monitoring method
according to claim 1, wherein when said systolic pressure
(SBP) value is smaller than specific lower bound or greater
than specific higher bound, said systolic pressure (SBP)
value will be removed.

8. The image based blood pressure monitoring method
according to claim 7, wherein said specific lower bound
ranges from 60 mmHg to 90 mmHg and said specific higher
bound ranges from 170 mmHg to 210 mmHg respectively.

9. The image based blood pressure monitoring method
according to claim 3, wherein which further comprises when
said diastolic pressure (DBP) value is smaller than specific
lower bound or greater than specific higher bound, said
diastolic pressure (DBP) value will be removed.

10. The image based blood pressure monitoring method
according to claim 9, wherein said specific lower bound
ranges from 40 mmHg to 60 mmHg and said specific higher
bound ranges from 110 mmHg to 130 mmHg respectively.

* #* * #* #®
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